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Abstract. Evidence-based Health Tourism (EHT) is a branch of general tourism
foreseeing tourists to travel with the aim of receiving healing treatments or
enhancing a specific mental, physical or spiritual health condition through
medically-proven offers. EHT competitiveness is increasingly linked to the
sustainability and exploitation of unique natural resources of tourism
destinations, which often lack the access to knowledge and networks of
stakeholders to improve their offerings, even by the use of digital tools. This
study illustrates a Collaborative Design approach for the development of an
ontology-based Decision Support System for modelling the relationships
between the available natural resources, the value offerings and the target groups
of EHT destinations in the Alpine region. The Collaborative Design approach
foresees the involvement of end-users (i.e. EHT destinations, stakeholders and
tourists) as both sources of knowledge and validators of the ontology and its
outputs, aiming to inform decision-making processes in a shared knowledge
model.
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1 Introduction

Evidence-based Health Tourism (EHT) is a branch of general tourism foreseeing
tourists to travel with the aim of receiving healing treatments or enhancing a specific
mental, physical or spiritual health condition through medically-proven offers [1, 2].
EHT competitiveness is increasingly linked to the sustainability and exploitation of
unique natural resources of tourism destinations. Natural healing resources as
waterfalls, Alpine herbs and peculiar mountain microclimates offer proven health-
promoting effects [3—5]. As central components of EHT products, they are a strong
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unique selling proposition and also increase the authenticity of these Alpine offerings.
This opens up numerous approaches for involving different regional actors (e.g. tourism
and medical service providers, agriculture, crafts) into the value chain [2], especially
the more collaborative ones. Nevertheless, tourism destinations often lack the access to
knowledge and networks of stakeholders to improve their offerings and exploit the
synergic combination of possible EHT sources and activities [6]. There is the need to
identify and adopt solutions that facilitate the connection among key actors by
exchanging evidence-based data and systematizing knowledge and local experiences in
a collaborative effort. Along with this line, several digital tools are revolutionizing
healthcare sectors, including the development of solutions based on Artificial
Intelligence and Semantic Web that can help cross-national interactions, redefining
competitive EHT services and delivering better management strategies [7]. This work
aims to develop a DSS for the creation of a shared knowledge base among EHT
destinations, to support them in understanding the potentialities of their territory and to
suggest them on which services and natural resource to invest [8]. Specifically, it
addresses the destinations delivering healing solutions for tourists in Alpine regions,
which are characterized by a high range of natural health resources and high
environmental quality, but are still not sufficiently integrated in value chains to properly
face the demanding market of health travelers [2]. In particular, the high demand for
knowledge from different disciplines as well as the necessary involvement of numerous
different actors makes it difficult for these destinations to further develop evidence- and
nature-based health tourism and exploit related opportunities.

The result of this work is an ontology-based DSS that leverages the collaborative
efforts of different key stakeholders of EHT as part of the HEALPS2 project, which
aims at developing and improving framework conditions and tools for a better
utilization of Alpine-specific natural health resources for the development of innovative
tourism products and service chains. It connects academia, different business sectors
such as the health sector, tourism and local service providers, as well as innovation and
transfer agencies to jointly implement new business models that improve value creation
across sectors in Alpine destinations. This transnational and transversal approach is
built on unique Alpine natural health resources and strengthens the Alpine territorial
innovation capacity. The project involves six Alpine countries (five from the EU):
Austria, Italy, Germany, France, Slovenia and Switzerland, with representatives from
both the academia, management bodies of mountain areas, non-governmental
associations of Alpine space, thermalism and governmental Alpine networks. The
development of the ontology underlying the DSS takes advantage of a collaborative
design approach through the adoption of a collaborative ontology engineering
methodology that involved all the stakeholders of the project.

The reminder of this work is organized as follows: Sect. 2 highlights a few studies
adopting ontologies in health or medical tourism contexts, while Sect. 3 delves into the
specific cooperative ontology engineering methodology and process adopted for the
cooperative development of the HEALPS2 knowledge base underlying the DSS.
Finally, the Conclusions summarize the main outcomes of this work.
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2 Related Work

The use of Semantic Web technologies — in particular, ontologies — for the development
of DSSs in the tourism industry is widely documented in scientific literature. Also, the
value of cooperation in ontology engineering — especially in health-related fields — is
also widely established [9, 10]. However, there are very few examples of ontology-
based DSSs specifically dedicated to the fields of health and medical tourism.

Chantrapornchai et al. [11] developed an ontology dedicated to gather and organize
health tourism information for the Hua Hin area in Thailand; the ontology was
developed using a waterfall methodology and evaluated by eliciting domain experts
opinion at the end of the development phase through questionnaires. In the field of
tourist destination recommender systems, Khallouki et al. [12] adopted a domain
ontology for the description of touristic context, while Frikha et al. [13] exploited
ontologies to enhance user-based recommendations in the field of Tunisian medical
tourism. Information regarding facilities and services in medical storage can be
formalized and managed through ontologies: Lee et al. [14] proposed a smart
orchestrator leveraging semantic models to formalize knowledge from the medical
tourism, general tourism and medical treatment domains.

Differently from other approaches, this work introduces an ontology-based DSS able
to formalize natural resources, services provided and activities based on available
natural resources, stakeholders’ cooperation efforts and tourism data. The ontology is
developed by a methodology that foresees the involvement of various stakeholders of
health tourism value chain in a cooperative effort and in multiple rounds of knowledge
exchange. Thus, it relies on collaborative ontology engineering methodologies as a way
to improve the correct understanding on domain knowledge in contexts characterized
by many stakeholders [15], and tested in different collaborative projects [16, 17]. In
this work, the adoption of a collaborative and agile methodology is presented as a key
enabler for designing (and thus developing) the DSS’s ontology.

3 Collaborative Design Approach

This Section deepens into the collaborative approach adopted for the identification of
the knowledge to be formalized, its elicitation, conceptualization and formalization
with ontological languages. Through this process, informal and formal methods were
conveniently adopted to ease achieving specific goals, such as identifying the most
relevant bits of knowledge, produce an accessible and shared conceptual model and
develop its ontological representation.

HEALPS2 research project fosters the cooperation among various stakeholders in
the health tourism values chain, therefore stakeholders’ involvement in the phases of
knowledge elicitation and conceptualization covers a pivotal role. Stakeholders’ ideas,
opinions and knowledge were elicited through six national stakeholders’ meetings
(with the average participation of 15 stakeholders) and one international stakeholders
meeting (with the participation of over 50 stakeholders). The aim of the meeting was
to select the domains of interest and the relevant pieces of information for each of them.
With the support of Project Partners’, data collected were transformed in quantifiable
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KPIs, which were later used to provide a shared conceptualization and, finally, to
formalize the ontological model. Fig. 1 sketches the process starting from stakeholders’
involvement and finishing with the delivery of the ontology.

Stakeholders meeting for
domains and information
identification

Step 1 Terminology

<}

Domain specific terminology characterizing
the domains at hand

Domains
identified?

fes
V
Extraction of KPIs

KPls
validated?

‘fes
Y
Conceptualization
Formalization

Fig. 1. The flowchart representing the collaborative approach process. On the right, the six step
composing the UPONLite methodology are represented along the different phases of the process.
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Involvement of all the

project's stakeholders No Terminology is enriched with shared and

textual definitions

Steps 3, 4 and 5 Taxonomy,
Predication and Parthood

A taxonomy of the concepts identified is
created and the realtionships among them
are stated

Involvement of project
pariners

Step 6 Ontology
Involvement of ontology

engineers The outcomes of the previous steps are

formalized into an ontology.

The ontology engineering methodology selected for the HEALPS2 project was a
collaborative and agile one, namely the UPONLite methodology [18], which foresees
non-experts in the field of Semantic Web to adopt common tools to provide a
conceptualization of different domains of knowledge. This methodology has proven
efficient in different ontology-based development processes [15]. Also, the significant
number of stakeholders involved in the early phases of design, required a non-rigid
structure for knowledge elicitation and subsequent conceptualization. The
formalization phase — which involved mostly partners with experience in ontology
development — adopted Resource Description Framework (RDF) [19], Ontology Web
Language (OWL) [20] and Semantic Web Rule Language (SWRL) [21] as W3C-
endorsed development languages.

3.1 Multi-stakeholder Knowledge Elicitation Process

The domains involved in the knowledge elicitation process were different: from a
healthcare point of view, the focus was on identifying the main groups of patients who
could benefit from nature-based health tourism in the Alpine space. Likewise, from a
medical point of view and from a health economic and tourism perspective, it is
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important to know which natural resources can be used and how, together with the
services tourism destinations can provide. Furthermore, quantitative indicators
regarding the tourists’ arrival, stay and provenance are also fundamental to provide a
measurement of the tourism inflow in a specific area. The domains elicited by
stakeholders and project partners, and for which knowledge needed to be specified
were:

e A list of 19 Target Groups (TG) corresponding to some chronic
impairments or physical limitations for which nature-based health tourism
activity can provide benefits (e.g.: lack of mobility, diabetes and metabolic
disorders, skin conditions, exhaustion and tiredness, etc.).

e Tourism in general (TiG): in this domain data regarding a specific tourism
destination and its touristic inflow are detailed (tourists’ arrivals, their
country of origin, duration of stays, tourists’ age and gender, destination
population density, economic impact of tourism on the destination —
tourism intensity, overnight stays per 1,000 inhabitants).

e Natural Resources (NRs): this domain identifies the main natural resources
in the Alpine space (blue spaces, forests, waterfalls, altitudes, protected
areas, specific flora, presence of radon that can be exploited for medical
purposes and presence of nature-based local products such as Alpine dairy
products, farm products, honey, etc.); moreover, this domain encompasses
three fundamental indicators of environmental metrics (air pollution, light
pollution, noise pollution).

e Regional Features (RFs): the knowledge in this domain is descriptive, as it
identifies services and characteristics a health tourist destination can have
or offer (e.g.: health manager, nutritional advice, mountain hiking
activities, spa treatments, physiotherapy, etc.); some services are correlated
with the availability of one or more natural resources.

e Cooperation and Networking (CN): stakeholders recognized the role of
cooperation in the success of tourism destination. In particular, they
identified being part of a network (regional, national or international) as a
success factor.

Together with the identification of the domains and their features, the results from
the collaborative efforts of stakeholders, further informed by scientific literature,
allowed to identify KPIs for each of the domain features, with the aim of making
quantifiable the main features for tourist destination and their services. The consortium
identified an array of data types ranging from integers for the impact that tourism
destinations’ features can have on a specific TG and for environmental metrics
indicators, Boolean values for the existence, use and exploitation of NRs, as well as for
the presence of specific services (RFs) and cooperation activities (CN). Quantification
of TiG features required different data types, including strings, integers and decimal.
This step allowed to set a shared vocabulary and to specify the meaning of each terms
(Steps 1 and 2 of UPONLite).
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3.2 Agile Cooperative Methodology for Conceptualization

Once the relevant pieces of information were identified, the conceptualization phase —
following the instruction from the UPONLite methodology — was conducted using
conceptual maps and spreadsheets, as this kind of tools are more familiar for ontology
non-experts. The result of this process further refined the elicited knowledge into a
conceptual model in which each bit of information is labelled and linked to others
through mathematical relationships. These relationships constitute the basis for the
inference of new facts in the ontology, since they specify how a concept should change
(in its classification and/or in the values it can assume) according to specific value-
driven conditions. A taxonomy of concepts (Step 3) was generated using a spreadsheet
and those concepts necessary to qualify others were defined as properties (Step 4),
while part-whole relationships among concepts where also formalized (Step 5).

3.3 Development

The conceptual model containing the mathematical relationships among concepts were
translated into an ontology with the use of Protégé ontology editor [22] and using RDF
and OWL to represent the concept hierarchy and SWRL to formalized relationships
into rules. The HEALPS2 ontology encompasses more than 85 classes, 9 object
properties, 57 datatype properties and includes 1075 individuals (for a total of 7265
axioms, including SWRL rules). Fig. 2 shows an excerpt of the developed ontology.
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Fig. 2. A graphical representation of the main concepts represented in the HEALPS2 ontology
and their relationships.
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To validate the consistency of the ontology, the Pellet reasoner [23] was selected, as
it is one of the few reasoners able to process SWRL built-in functions (necessary to
state mathematical relationships among concepts).
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3.4 Validation of the Ontology and Its Outputs

The HEALPS2 methodology was presented and discussed in a second round of
meetings with the key stakeholders. To populate the ontology and test the rules,
stakeholders where asked to provide some information. Specifically, five national
stakeholders’ meetings (with the average participation of 15 stakeholders) and one
international stakeholders’ meeting (with the participation of over 70 stakeholders)
were organized in order to collect data in input, to collect feedbacks on the base of
knowledge available and to test the effectiveness of the tool. The DSS was tested with
data from four Alpine destinations to check the consistency of the ontological model
and the results of the reasoning process. The DSS was able to calculate the distances
occurring between the predefined optimum values of KPIs and the real values of the
destinations for each target group, thus contributing to identify those natural resources
and/or services worth investing on. Also, in this phase the collaborative approach was
judged fundamental to gain insights on the further developments of the ontology-based
DSS as a reference tool for Alpine regions EHT destinations.

4 Conclusions and Future Works

This work developed an ontology-based DSS to support ETH destinations in innovating
and enriching their product offerings based on local natural resources, and the
systematic sharing of knowledge among key stakeholders to support decisions in
management practices. Firstly, it contributes to the growing debates on exploiting the
potentialities of digital tools in healthcare industries and the need to identify proper
solutions to grow EHT industry in regional value chains. Secondly, it leverages a
collaborative ontology engineering methodology to develop an evidence-based and
effective ontology-based system for decision-making. In particular, the collaborative
design approach reinforces the possibility of actual adoption of the DSS, and
encourages the reuse of the ontology developed with stakeholders.

Future works foresee the automatic acquisition of data from stakeholders via an
application and the presentation of reasoning outputs in both textual and graphical
forms. Moreover, the usability of the developed tools and its outputs will be tested with
stakeholders who took part in the collaborative design phase, and further users will be
engaged in pilot tests with specific training modules on the developed DSS.

Acknowledgments. HEALPS? started in October 2019 and will run until June 2022
and is co-financed by the European Regional Development Fund through the Interreg
Alpine Space Programme.
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