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Abstract

Tourism statistics are generally based on dataemiéld only at one point
of the travel, which, depending on the perspeadivaterest, can be the
originating region or the destination one. Indeedany tourism trips
imply the visit to more than a single destinatismce tourists move to
visit several attraction to several destination @ithin the same
destination. The analysis of tourist mobility pretseseveral issues which
are related both to the collection of information multidestination trip
behaviour and to the analysis of complex informatsaich as the ones
related with tourist itineraries. The present wakns at reviewing the
main issues related with the analysis of touristoility among several
destinations and within the same destination tee®vattractions. The
problems related with the collection of informatiand with their
synthesis are explored by reviewing the main wisrk&ademic literature
which face with these issues. Moreover, the patkegiven by the use of
tracking technologies to collect information on ristt mobility are
described and the main methodological approachegte analysis of
such complex data are introduced. More in particulsome analytical
tools for the analysis of multidestination tripsdaof travel itineraries are
critically analysed by providing examples of engati applications on
these topics. The final aim is to provide a setroblems related with the
analysis of tourist mobility and of the practicalgtions in relation to
several specific research aims are provided by gbkihg merits and
pitfalls of each approach.
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1. INTRODUCTION

Tourism implies a movement of people in time andcsp from their
place of usual residence to a destination (or m&stins). Surprisingly, the
analysis of tourist mobility within one single destion and among several
destinations has not been taken into account atidguaven though a deeper
knowledge of tourists’ movements is an essentiatgqjuisite for logistics and for
the management of the economic, social, and enviental impacts of tourism.
Indeed, most of the models of pleasure trip behavéoe based on the hypothesis
that tourists visit a single destination, evenhistpremise is rather unreliable.
Tourism statistics are usually related to two page the restricted space: the
region of origin and the destination, thus disrdgay the possibility, for the
tourist, to make multi-destination trips. Accordittgga simplified model of tourist
mobility, official statistical sources use the ceptof “main destination” in order
to obtain the correspondence between where toudstee from and their
destination. However, many pleasure trips implyitivig more than one single
destination (inter-destinations) or several “atitaws” within the same
destination (intra-destination). Although the imjgmice of knowing travel
itineraries has been recognized for a long timepgre 1989; Dietvorst, 1995;
Fennell, 1996), relatively few studies have madeatdampt to model spatial
movements among several destinations and withinstree destination. The
main reasons for this lack are attributable to bb#hdifficulties associated with
the collection of information on multi-destinatidrips (Lew and McKercher,
2002), and on the lack of clarity on what is mdantmulti-destination” trip. As
regards the collection of information, official &tics on tourism do not provide
any kind of information on multi-destination trigsid on trip itineraries, either
from the supply side (statistics on guest arrivals)from the demand side (which
focus their attention mainly on the main destimatisited). This means that in
order to analyse the phenomenon, ad-hoc surveykstodese carried out. Indeed,
many of the issues related to the analysis of $ouridemand and of its
segmentation should not ignore the number andyghestof destinations visited
during a single trip by tourists.

This work aims at analysing the main consequentesutti-destination
trips on tourism statistics, and of describing bibih “classical” and the emerging
solutions in order to collect information and amsa&ymulti-destination trips and
travel itineraries. Some analytical measures ardhni@ogical solutions are
presented in order to face with the issue of toum®bility, and the main
implications under the empirical and methodologipakspectives are finally
discussed.



2. MULTIDESTINATION TRIPS AND TOURISM
STATISTICS: MAIN ISSUES AND EMPIRICAL
FINDINGS

As concerns the definition of multi-destinatiorptrihe lack of clarity is
attributable to the definition of the destinatidself (Hwang and Fesenmaier,
2003). For example, whereas some authors (MingsMatdugh, 1992; Stewart
and Vogt, 1997) focus their attention on the visdsthe attractions within a
destination, other authors (Oppermann, 1995) ddfieterm destination in a
wider sense, by including the whole region. In #ddj Leiper (1989) points out
that in order to qualify a stop as a visit it iscessary for the tourist to spend
some time in that destination, or that there iseepecific tourist interest in that
stop. Moreover many studies have considered thenmggs as a discriminating
factor. Particularly, by referring to one of the shaised aggregates to quantify
tourist flows, that is the datum related to armved accommodation facilities, the
aggregation process by summing arrivals referreddiféerent places (e.g.
municipalities) determines a bias (Parroco, Vac@@®5). Data related with
guest arrivals, since they are derived from the sdirall the guests of official
accommodation establishments will produce an oxedsaggregate, if referred to
the number of tourists who visited a specific gggavince, region, country, etc.),
and this bias will be greater the more extensivebei the territorial level and the
greater the presence of overnight trips in sevecabmmodation establishments.
Indeed, the higher the territorial level (e.g. doynand the greater the propensity
of tourists to take multi-destination trips, theeagter will be this “double
counting” effect. Parroco and Vaccina (2005) hardeaulined the matchlessness
between data on arrivals of guests in collectivebaamodation establishments in
a given region and the number of tourists in thmesaegion. The main reasons
are related to: a) the use of unofficial establishta (e.g. relatives’ or friends’
houses, unregistered rented houses and rooms, leb@jsfor tourist purposes,
which determines the so-called “unobserved tourigwiéccina et al., 2011),
considering that information on this kind of flol® not included in official
statistics on guest arrivals; b) the lack of infation regarding guests’
motivations, which does not allow the distinctioetleen tourists and other
guests; c) the so-called “double counting” effetagivals which occurs every
time a tourist changes an accommodation establishchging a single trip, thus
being registered more than once.

Given the above mentioned problems, it follows tmpossibility of
measuring tourism demand through supply-side sitatis-or example, Lickorish
(1997) highlights that although the World Tourisntgé@nization (UNWTO)
report brought back, for 1990, a total of 15 miikoof visitors in Europe coming
from United States, the European Travel Commis@arC) using the data of the
U.S. Government showed a total under 7 million.rBeélues were correct but
while the ETC was referring to the individuals wterried out a trip in Europe,
the UNWTO reported the total number of border drassegistered in Europe,
by determining the possibility of counting more rihance the same individual.



This double counting effect has implications alaathie meaning of the datum
related with touristic presences, given by the neindd nights spent by guests in
the accommodation facilities of a given localitydéed, it is common practice to
analyse the average length of stay, given by thie tsetween presences and
arrivals as an indicator of the overall durationtteé trip. This interpretation not

just is incorrect because of the problem generhyethe replication effect, but it

can also lead to totally misleading interpretatidngfact, if it is true that it exists

a direct relationship between duration of the w@ipd number of stops (with

overnight stay) carried out during the same trigg increase of the overall

duration of the trip could imply a reduction of theerage length of stay rather
than an increase. To overcome these problems, aathers (Pearce, Elliot 1983,
Leiper 1989) proposed the use of some indexeshimahalysis of the so-called
“tourist circuits” at international level, some which are described in section 4.
However, a great potential for the analysis of igiumobility is given by the use

of new technologies.

3. NEW TECHNOLOGIES AND TOURIST MOBILITY

Nowadays, it is possible to overcome some of thevabdescribed
problems thanks to the development of new techmedogs monitoring systems,
since they could provide a significant contributitm data collection. New
technologies — such as mobile phones, Global Bogity Systems (GPS) and
Geographic Information Systems (GIS) — could offew opportunities, not only
in terms of services and information available darists, but also in terms of
opportunities for collecting, analysing and vissialg geo-referenced data related
to tourism and for tracking touristic movements.eTiecent development and
spread of small, cheap and reliable tracking devitas favored an increasing
volume of spatial research in general and in touriields more peculiarly. The
efforts made in order to develop commercial apgitics for tourists, including
georeferred mobile information systems or electrapiidebooks, are in progress
by the end of the 1990s (Shoval and Isaacson, 2010)

The most famous and commonly used GPS is that ef WhS.
Department of Defense (DOD). Fully operational eird®94, it was originally
conceived as a military navigation system and @mI2000 the DOD opened up
the system for individual and commercial applicasicacross the globe. At the
same time, the private sector finished establisimfrastructure for the operation
of cellular phones. The commercial use of thesacdsvstarted at the beginning
of the 1980s but it was limited primarily to busssepurposes because of the high
price. Cellular phones prices began to drop dralbfiin the mid 1990s and today
they are owned by everyone in the developed camtEPS and other tracking
technologies are used in a wide variety of field&a from tourism, such as
environmental health, medical field like physiologgd cardiology, as a tool to
assist in navigation for visually impaired and Hlipedestrians. However, most of
the research conducted has been in the field agp@rtation studies, while the
collection of data and the study of the spatiaivd@s of pedestrians using



advanced technologies have been less common. Gisébjmexplanation for this
is that gathering data from pedestrians is moriécdlf than doing so from motor
vehicles. This, however, has now changed thankbedechnological advances
that enabled the manufacturing of small, cheaftwgight and highly sensitive
devices.

Existing tracking technologies are classifiableitwo large categories:
terrestrial and satellite (GPS). The first type sists of a series of antennas -
radio frequency sensors (RF) - located throughloeitatrea and it is based on the
principle according to which, electromagnetic signtavel at a known speed
along a known path. According to the received didram the antennas, it is
possible define the position of the observed objBoe widespread use of cellular
phones, based on terrestrial radio systems whiamipelocalization, has
enhanced the importance of these technologies deroto track tourists’
movements, both at an individual level and at agregate level (Shoval and
Isaacson, 2010). On the other hand, GPS is aisafatisitioning and navigation
system that, through a dedicated network of aidifisatellites in orbit, provides
to a terminal (or GPS receiver) information abaist geographical and time
coordinates, in every weather condition, everywhaneearth or in its nearby
area, where there is an unobstructed contact wilbast four satellites of the
system. This occurs through a radio signal transiotisfrom each satellite and
processing the received signal from GPS receiviexg{B2009).

Recently some studies were carried out through uke of new
technologies in order to obtain more detailed @dtaut tourist flows and to fill
the gap left by traditional surveys. These resezwctepresent a new way to
approach space-time analysis of mobile populatioohsas tourists. Some
examples of these studies are those of Edward$ é2QG09) and Shoval and
Isaacson (2007) about GPS tracking, Reades e2@07] and Ahas et al. (2011)
about cellular phones as tracking devices, VarSgek and Nijhuis (2010) about
GPS and GIS, but also the study made by O’Conna®ZRon the Alge Timing
System, a technology used in sport field that cirefi sensors spread along the
path and of sensors placed on the ankles of péatestiwhich represents a useful
tool — especially in closed areas (such as park$pr—monitoring visitors’
behaviours. Moreover, in 2010, Shoval and Isaa¢®6t0) wrote the first book
about the implementation of advanced tracking teldgies for the analysis of
tourists’ outdoor movements in time-space and thefivities.

3.1 Data coming from Global Position System (GPSlevices

International literature searches out the oppatitmioffered by new
technologies to statistical survey on tourism. iRaldrly, GPS appears a simple
and at the same time detailed tool of detectiontdarist flows in a space-time
dimension. It permits to visualise on a geo-refeeghmap the paths and the stops
at the various times of the day. These devicegaddare able to record time,
speed, direction, distance, position and heighéyTddso permit to note the dwell
time at each site and the travel time of the varimutes, also distinguishing the



different means of transport used. This allowsdentify the characteristics of
tourism into a specific destination and so the igtubehaviour in terms of
mobility. Another relevant aspect under the infatiova collection perspective, is
given by the fact that the device doesn't affectrigis’ behaviour. Unlike other
techniques such as direct observation, trackingutiin GPS is less invasive. Data
collected through these devices are subsequentlye meliable than those
collected through traditional methods which areallgyubased on retrospective
and administrative surveys, which can be affecteddveral problems (e.g. recall
bias). In other words, constant tracking realisedeial time allows to delete or
however greatly reduce several biases, generatifigble and detailed data.
These remarks also derive from the feedback redeivethe different studies
analysed, by comparing the data collected throuBls Gacking and those ones
observed by questionnaires and interviews (e.g.gdsvet al., 2009; Shoval and
Isaacson, 2010). The degree of accuracy of spawedata collected is such as to
permit the creation of an extensive database fronichwimplement further
analysis, such as the study of the sequencesgrimadint of the events in terms of
sequences of tourist activities in time and spate the identification of the
prevailing routes (Shoval and Isaacson, 2010)

Some authors consider the relationship between cheice of
accommodation and the travel itineraries at thdimgson or, more generally,
between the space-time data and some categoricables, as well as the
differences between domestic and internationaligtaiin terms of characteristics
of movements (e.g. Edwards et al.,, 2009). Othehast (e.g. Shoval and
Isaacson, 2010) analysed the creation of touriggtimps according the features
(sequence) of the activities made by tourists bditgcted.

In a nutshell, the integration of GPS technologyhimi mobile phones
(smart phones) feature which concerns the lateste (past 5 years), makes it
easier, thanks the large diffusion of these devimesr the world, to use this
technology like a system to collect data relatedotoristic movements. To give
an idea of the magnitude of the phenomenon, a stddtrategy Analytics”
(Shah, 2012) finds that the number of smartphonesse in the world passed
from 708 millions in September 2011 to 1.038 bilBoin September 2012: one
person in seven owns it. This number will doubtavfrnow to 2015.

3.2. Data coming from mobile phone traffic

Mobile phones can be used to carry out aggregatlyses on customer
movements in the space-time dimension. Particyldhgy are suitable for two
kinds of analysis. On the one hand for statistamadlysis about the activities
which concern the antenna in a specific time, amdthe other hand, for the
localization of a group of devices in a specificipé and its movement among
the antennas of the network.

The degree of detail is less than that one achi#wedigh GPS and the
tracking is possible only in small areas charazggtiby the presence of antennas.
Through investigation of the so-called “Erlang daitais possible to analyse



urban dynamics within the boundaries of space-tifieese data are a measure of
the use of the network bandwidth at level of angerirhe data collected can be
linked to urban distribution of activities and alsodifferent time bands in which
it is possible to divide the day, to identify theys of use of the city. It is still
important to highlight that it is not simple to tiiguish the tourists from the
residents. An example of this application is théoRsn experience (Ahas et al.,
2011) concerning the use of mobile positioning datastudying the time-space
behaviour of people and tourists in the countrgeif001. Since then these data
have been used in various projects, research atdraas et al., 2011).

4. MEASURES AND TOOLS FOR THE ANALYSIS OF
TOURIST MOBILITY

In order to analyze multi-destination trips, someexes have been used
in tourism literature. Among the first indices used find the Trip Index (TI)
(Pearce and Elliott, 1983; Uysal and McDonald, 1989

71 = Lo x100 1)
T

n

where: D, is the number of nights spent at the destinatiomsiclered,
andT, is the number of total nights spent during thg. tri

This index represents a measure of the relativeoitapce of the
considered destination and its usage is recommefaeiurists’ segmentation
(Uysal and McDonald, 1989), for marketing and dedton promotion purposes,
as well as additional information useful in order tistinguish tourists’
characteristics and to analyse the itineraries takien.

A second index is the so called Main DestinationtidcRgMDR)

(Leiper, 1989) which analyzes the features of nrddstination trips at an
international level. It is based on data colledtethe region of origin and at the
destination and it is defined as the ratio betwientrips for which the region
observed is the only one visited or the main aeddtal arrivals:

V.
MDR =—-x100 (2)
A
where:V; is the number of trips which have had as maininizison the
i-th destination (information derived from the surven the demand side
provided by thg-th country generating tourism), where@gsis the total number
of border crossing made by tourists coming from jthle country (measured
through the surveys at the frontiers carried outdmyntries hosting tourism).
According to the author (Leiper, 1989), by meantlif index it is
possible to provide a more complete picture of rimaéonal tourism and to
classify the different countries in predominantlyim destination or secondary
destinations.
Still, Oppermann (1992) proposes the use of a ceitwadndex to
characterize touristic travel behaviours. The Traéspersal Index (TDI)



incorporates five variables characterizing dometigristic behaviour and it is
defined as:
TDI = LS+ OD+ A+ T+ TC (3)

where: LS is the total length of stay in the considered ¢ounOD
represents the number of visited destinations aiitkeast one overnigh§ andT
indicate respectively the number of the differegpets of accommodation
facilities and means of transport used by touriktsng their trip, andlO is a
variable measuring the type of travel organisation.

The use offDI is recommended to identify those tourist segmerighv
have a greater impact on the different economitosgof a country (Oppermann,
1992). However, this index presents several linkisst, its strong dependence by
the average length of the trip in a specific copntioesn't allow a direct
comparison among different countries based on thkieg of the index.
Moreover, further limits derive from the arbitraghgfinition of the weights, and
from the aggregation criterion by sum which, implic assumes the
independence among the different elements. Thisothgsis seems quite
unlikely.

More recent studies (Hwang et al., 2006; Aserd.e2811) have framed
the phenomenon of the multi-destination trips withthe network analysis
framework. Different destinations visited are rethto the nodes of a network
and the routes made by tourists are seen as tke lietween the nodes of the
network. Hwang et al. (2006) in the analysis of tirdéstination trips in USA
used the concepts eEntrality, connectivityand cohesionand that ofstructural
equivalencelf referred to a specific node of the network, teatrality denotes
the degree of prominence within the network. Ondtteer hand, if centrality is
referred to the whole network, it describes thacttiral features of the whole net
(Wasserman and Faust, 1994). In the field of ndtvemalysis, several measures
for centrality have been proposed. The notionsarfhectivityand cohesionare
related to the degree of density in the networlicstire and, in tourism field, they
can be used to identify the presence of subgroupslegtinations strongly
connected to each other (Monge and Contractor, )2@8ally, the notion of
structural equivalences referred to the comparison among different oeks
and to the degree of similarity among their streesu

On the other hand, the detailed and accurate #&ip dollected through
GPS or Mobile Phones need to be opportunely andlySeme authors suggest
the use of techniques derived from others appr@achther than traditional
statistical tools. Asakura and Iryo (2007), for myde, proposed a simple index
for describing and analysing a tour route in orderstudy tourists’ travel
behaviours. The authors start from the consideraitording with which one of
the simplest shapes of a tour route is a circleei\n circular route is observed at
a specific point in the area, there are three pesselations between the circular
route and the observation point:

1.the direction of the circular route is in a clockeidirection
around the reference point;



2.the direction of the route is in an anticlockwiseedtion around
the reference point;
3.the reference point is not located within the ingrarea of the
circular route.
To identify these cases, the authors propose aeRoapology Index
(RTI) which is defined respectively being equal+b, -1 or 0, for each of the
above three cases and so the corresponding RTérvdot order to describe a
more complex tour route, the RTI can be evaluatedhdtiple reference points.
The i-th element of the RTI vector denotes the RTI far ith reference point.
When the route does not make a circuit, the RTlicccae defined as the
cumulative angle of a tour rotating around a refeeepoint. (Asakura, Iryo,
2007).
The RTI can be used to study the similarity of tooutes among
different tourists through an index called “distahcThe difference between
tourist A and B is defined as:

D* R -RIF X (i t) @)

whereRa={r,} and Re= {rg} are the RTI vectors of two tourists.

The element of the vector is the RTI of thth reference point. The
distance defined by the previous equation is usedhie clustering method of a
certain number of tourists. In this way it is pbésito identify similar sightseeing
pattern among tourists.

Another method to study the data collected by taeiaks previously
presented is introduced by Shoval and Issacson7§280d it is based on the
sequence of alignment as a tool for analysing #guential features of the
temporal and spatial dimensions of human activifiédss method was originally
developed during the 1980s and employed to an&yé& sequences, but at the
end of the 1990s it was adapted for use in theabsciences (Shoval, Issacson
2007). In the traditional quantitative methods @gwence comparison, the
distance between two sequences of activities mutated through the Euclidian-
based geometry, like Euclidian distance, city blodistance or Hamming
distance. The sequence alignment analysis, insteathputes the distance
between two sequences on a “biological” basis. Thisthod considers an
algorithm based on three elementary operationseriios, deletion and
substitution (switching the places of two elemens) applying these operations
to one of the sequences, that string is made iclnt the other string. The more
operations are needed to make the sequences alethie longer is the distance,
and so the greater is the difference between theesees. Thus the method
measures the degree of difference between two segsein terms of their
elements composition and sequence and it is mafilubhan traditional tools in
order to recognise similar patterns that appearimiburists’ activity sequences.



5. CONCLUSIONS

Over the years tourism has become increasingly itapb for the
economy of many countries and it often represents af the key sectors for
development and growth. This raises the interesipdlticians and scholars,
engaged to learn the dynamics of the sector inra@émplement an effective
and efficient management, and it determines thd faredata and techniques able
to support a real comprehension of the phenomértomimportance of analysing
multi-destination trip behaviour is related, amotige other things, to the
relevance of this phenomenon for regional tourisavetbpment. The multi-
destination vacation experience will require mamgetthan the average stays and
will attract mainly those who have active lifestyland more discretionary time
and income. Individual destinations will have thgportunity to explore new
markets in a cost-effective manner and to develomee competitive product. At
a regional level, local tourism organizations capleit the potential of profitable
diversification and the rebranding of a destinadtiegion.

Despite a number of studies has been made by aiffitiatistical
institutes and by research groups in order to aszehe knowledge of the factors
affecting tourists movements (McKercher, Lew, 200 empirical evidences
on these topics are still too limited to providecamplete picture of the
phenomenon. As highlighted in this work, the acgyaitem of official statistics it
is not able to provide adequate information whiltbvafor the analysis of tourist
mobility (within a single destination and among es&l destinations). On the
other hand, internet and new communication teclgietohave changed tourism
industry in many aspects and now we can speak a@mutolution in the tourism
products’ distribution system. The development rdfbimation technologies in
tourism has affected the dynamics of tourism prtslyrices, the destination
image creation and communication, the increaseasfsportation security, the
structure of market competition, the tourism prddoersonalization, and so on
(Zelenka, 2009). Consumers are more directly invdlin the production process
and they are increasingly often self producer dirttown travel, thanks to
Internet technology.

Regarding the potential use of ICT information thie analysis of
tourists’ behaviour we concentrate our attentionttanpossibility offered by ICT
tools for the implementation of ad-hoc surveyss licknowledged that sampling
tourists is not an easy task, both under the metbgdeal, economic and
practical perspectives. From this point of viewe #olutions provided by ICT can
represent an important tools for the analysis ofists’ space-time behaviour.
The availability of a big amount of data characted by a high degree of
accuracy, if integrated with more traditional swyrveanstruments (e.qg.
questionnaire) can strongly reduce the costs o$tineey and increase its quality.
On the other hand, there are still several probletrish needs specific solutions.
First, the determination of the specific samplingsidn which need to be
adequate to the nature of tourist population, whghby definition a mobile
population. From this point of view the Time LocatiSampling (TLS) technique
can represent an interesting theoretical framewkgdton, 1991; Parroco, et al.



2012). Second, the implementation of a probahilisampling scheme requires
the determination of the solutions for a set ofcpecal and methodological
problems, such as: the way in which select toyribts places in which the tourist
has to be interviewed, the moment in which therimiation have to be collected
(before, during or after the trip), the determioatof the temporal and territorial
level of the information, etc. All these problemavh important implications on
the possibility of implementing a probabilistic gaing scheme which would
allow for the application of the classical infefiahstatistical techniques.

Summarizing, the changing nature of tourism densndlthe increasing
segmentation of the holyday market are raising rieed for more accurate
information — which integrate quantitative informoat on the magnitude of
tourism with other more specific aspects of tourisemaviors — whose analysis
requires appropriate methods and models.
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