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Abstract 

 

Tourism is among those industries which are continuously expanding at 

fast rates. Such a huge sector will largely benefit if the amenities 

provided by the industry are accessible to all. Accessible tourism is an 

important stride towards building an egalitarian tourism industry. 

Complex interplays among various types of industries like 

transportation, hospitality, etc. can be witnessed in tourism. Thus, 

semantic domain knowledge organization systems can provide the 

means of structuring the tourism domain. Over the years, different 

domain models have been constructed for supporting different purposes 

related to tourism. Existing literature on the domain reveals that 

primarily there are two principal actors, namely, tourists and destination 

managers among the various stakeholders involved in tourism. The 

tourists require information about prospective destinations and related 

essentials for undertaking trips. On the other hand, destination managers 

are concerned about the opinions and requirements of the tourists. 

Considering these premises, two ontology based domain models have 

been demonstrated in this study. One is for facilitating information 

retrieval pertaining to accessible leisure tourism. The other demonstrates 

semantic organization of tourist reviews with the aim of catering to 

destination managers. These two models have provisions for mapping 

among themselves so that they can be used together in a tourism 

information retrieval system. A prototype model of a system for 

combined deployment of the domain models also has been discussed. It 

is envisioned that the demonstrated domain models will affect research 

on knowledge organization in the tourism domain. 
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Chapter 1: Introduction 

 

The act of defining tourism is very complex since it requires multiple scientific 

approaches for comprehending its relation with the society. While explaining 

concepts related to tourism, the UNWTO notes that ―A visitor is a traveller taking 

a trip to a main destination outside his/her usual environment, for less than a year, 

for any main purpose (business, leisure or other personal purpose) other than to be 

employed by a resident entity in the country or place visited. These trips taken by 

visitors qualify as tourism trips. Tourism refers to the activity of visitors‖ 

(UNWTO, 2010, p.10). This description clearly highlights the spatial and temporal 

aspects of tourism. Shaw and Williams (1994) have discussed about the 

relationship between recreation, leisure and tourism. Though tourism is usually 

considered to be a leisure activity, concepts like business tourism, medical tourism, 

etc. also have gained traction over time. With the evolution of different purposes 

for travel the act of defining tourism in a particular way is becoming more and 

more challenging. Tourism has evolved from being exclusively reserved for the 

upper class to the opening of the first travel agency in 1841 by Thomas Cook, and, 

is still evolving (Anderson & Westcott, 2021).  

Many regions and countries rely on tourism as the main source of revenue that 

serves as a pillar to their national gross domestic product. The tourism domain is 

the hub of a lot of economic activities. The volume of business associated with 

tourism is comparable to that of businesses like automobiles, oil exports, etc. 

(https://www.unwto.org/why-tourism). The tourism domain has experienced 

continued expansion and diversification and has become one of the largest and 

fastest-growing economic sectors in the world that continues to grow 

(https://www.unwto.org/international-tourism-growth-continues-to-outpace-the-

economy). It has grown so much that only an interdisciplinary approach can help 

in comprehending it. Only by making connections between different disciplines we 

can observe the different realities related to tourism. For example, the sociological 

approach can give insights on the interaction of tourism with the environment. A 

psychological approach can provide insights on behavior of different stakeholders 

of tourism. Similarly, disciplines like political sciences, geography and 

anthropology can provide insights based on their specialization and area of interest 

intersecting with the tourism domain. Duration of stay, tourists‘ intentions, local 

level planning, influence of society in shaping tourists‘ decisions, impact of 

tourists‘ opinions, spending by tourists etc. are important factors that are 

considered in tourism research.  
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Castells (2010) has named the present era as ―the age of Informationalism‖. With 

the increase in the ease of travel facilitated by technology different worlds are 

coming closer. Innovations in communication and transport have been able to 

compress the spatial and temporal distances according to geographer David Harvey 

(Harvey, 2003, p.20). Also now people are very much dependent on online sources 

for availing services (for example, booking transport, hotels etc.) Tourism has 

become a lot easier now. Due to globalization mobility of people has also 

increased significantly over time. To co-opt with this age some visible changes 

related to the tourism domain are e-versions of guidebooks supplementing hard 

copies, tour operators moving online, hotels and resorts investing to increase online 

visibility etc. To summarize, businesses are investing more to build up their online 

presence parallel to the increase in internet connectivity. Thus, there is a surge in 

data, information and knowledge handling in the tourism domain. With the 

increase in volume of online information, questions related to reliability are also 

popping up. 

Tourism is a sector where information plays a vital role in decision making 

(Inkpen, 1998). It is crucial to accurately determine the context of a tourist‘s 

information requirement or information seeking pattern. Tourists moving from one 

place to another need relevant information for enhancing their mobility. In this 

context, Tobler‘s (1970) law which states that ―Everything is related to everything 

else, but near things are more related than distant things‖ is very much relevant. It 

is evident that relationships are the core for understanding the interactions between 

different components of tourism (Merinero-Rodríguez, 2016). The concept of 

relatedness can be measured with sophistication using GIS technologies (Miller, 

2004). Analysis of statistical data may also help in revealing specific kind of facts 

and relationships. But above all, a semantic organization of information in a way 

that the relationships between the concepts become explicit is required. Concepts 

and relationships can be effectively organized and expressed using knowledge 

organization systems (Biagetti, 2020). Knowledge organization systems like 

ontologies are important constituents that can help in realizing the ‗Semantic 

Web‘. The concept of a semantic web has brought forward the idea of a web of 

data and information based on semantic underpinnings such that machines can 

interpret and manipulate it (Berners-Lee et al., 2001).  

Semantic web technologies have been extensively used in the tourism domain. For 

example, Niemann et al. (2008) have proposed a framework based on semantic 

web technologies for enabling exploration of hotels. The framework models 

domain knowledge and integrates data from various sources. A RDF based mobile 

tourism application for finding tourism hotspots and venues have been developed 

by Palanca et al. (2009). Mahmood & Bin Abdul Salam (2013) have used semantic 
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web technologies in a proposed framework for building location based applications 

for tourism. Hendrik and Perdana (2014) have discussed the semantic web 

technology based design of a tourist guide application for mobiles using Android. 

From the abundance of such studies, it is evident that the multi-faceted, 

continuously expanding, economically important nature of tourism provides an 

interesting field for experimenting with semantic web technologies. This is also the 

primary motivation behind choosing this field for study. 

1.1 Objectives, Research Questions & Statement of the Problem 

In this thesis, knowledge organization of the tourism domain carried out using 

techniques from the field of Library & Information Science has been presented. 

The field of Library & Information Science is fundamentally concerned with 

organization of information (Bawden & Robinson, 2012). Many important theories 

stemming from the domain of Library & Information Science are relevant in 

dealing with the current demands of knowledge organization. Based on some of 

these theories, through the domain modeling presented in this thesis, the aim is to 

influence knowledge organization centering tourists and destination managers. The 

demonstrated domain models have been designed to facilitate information retrieval 

pertaining to accessible leisure tourism and the semantic organization of reviews 

by tourists. Due to the provisions for mapping within the domain models they can 

be used together in a tourism information retrieval system. The statement of the 

problem of the work presented in this thesis is as follows: 

―Designing suitable domain models for touristic knowledge management using 

semantic web technologies‖ 

The thesis has been organized into 6 chapters. In Chapter 2, a quantitative analysis 

and thorough review of existing literature on the use of semantic web technologies 

in the tourism domain have been presented. In Chapter 3, sources of data and 

information, existing standards and vocabularies that are relevant to tourism have 

been discussed. The objective behind Chapter 2 &3 is to study and present the 

research landscape surrounding the applications of semantic web technologies in 

the tourism domain. The corresponding research question that has driven the study 

is ‗What are the semantic web compliant technologies, standards and 

methodologies that are relevant for the tourism domain?‘ Chapter 4 illustrates 

different concepts related to the tourism domain that have been encountered while 

going through the constituents of Chapter 3. The objective is to define the core 

concepts belonging to the tourism domain and their associated interrelations while 

delineating the scope. The research question corresponding to the objective that 

has driven the study is ‗Who are the major actants (see Latour (1996, p.373)) in the 



4 
 

tourism domain?‘Chapter 5 contains a discussion on domain models followed by 

discussion on two domain models (for tourists and destination managers) 

constructed for the purpose of this study. The research question ‗What are the 

needs of the end users?‘ has stimulated the study presented in this chapter. Chapter 

6 concludes the study by stating the limitations of the work and the prospective 

usage of the domain models in a tourism information system. The search for 

answers to the research question ‗What are the prerequisites of touristic knowledge 

management systems?‘ has helped in organizing the content of this chapter. Each 

chapter contains a list of references. Also, the section titled Reference List, 

presents a compiled list of all the sources cited in this thesis.  The references have 

been listed according to the APA (7th ed.) style of referencing. Appendices have 

been appended at the last which supplement the discussions presented in the 

preceding chapters.  

References: 
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Chapter 2: Literature Review 

 

While a qualitative review demonstrates the understanding of a researcher, a 

quantitative study provides an overview at a macro level (Li et al., 2017). In this 

chapter, a quantitative analysis followed by a thorough qualitative review of 

existing literature on the applications of semantic web technologies in the tourism 

domain has been presented. A similar approach of combining quantitative methods 

and literature review for studying the research patterns and evolution of a domain 

can be seen in the study by Sharafuddin and Madhavan (2020) on blue tourism 

research. The methodology behind the analysis presented in this chapter has been 

discussed in section 2.1. The discussion on the quantitative analysis has been 

presented in section 2.2. And some of the studies belonging to selected themes 

identified from the quantitative analysis that are relevant to the scope and purpose 

of the thesis have been discussed in the section 2.3. 

2.1 Methodology 

Literature published after 2001 up to 2020 were considered for the study as the 

semantic web was introduced by Berners-Lee et al. (2001) in 2001. A query was 

formulated accordingly for searching the Scopus database. Though, Ding (2010) 

has suggested that the inclusion of terms denoting important semantic web 

technologies like OWL, OIL, DAML, RDF  in the search query will increase noise, 

still some such terms were included in the search query due to their present 

popularity. Additional measure of restricting the search to areas of computer 

science and engineering was taken. Also, editorial materials and conference 

reviews were excluded from the corpus of study. The search was carried out on 

May 21, 2021. Manual checking of details of all the downloaded details of 

literature is a tedious task. Still, similar to Yu et al.‘s (2019) approach documents 

were removed from the corpus if it was found that the words used in the search 

query appeared only in the Scopus assigned keywords associated with the 

documents. Also those studies where the abstract did not have any relationship 

with semantic web were excluded. Finally, 621 documents were considered for the 

quantitative analysis. The Bibliometrix package by Aria and Cuccurullo (2017) for 

R (R Core Team, 2020) was used for performing the computing and the obtained 

results were then analyzed. After this, literature on semantic techniques used in 

tourism, ontologies in tourism, methods of dealing with context, recommender 

systems, linked data in tourism and graph based modeling were selected based on 

the scope of the thesis and were reviewed.   
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2.2 Quantitative analysis 

Quantitative methods used in scientometrics help in studying the development of 

science (Leydesdorff & Milojevic, 2015). Instances of application of quantitative 

methods for analysis are ample. For example, Ding (2010) has analyzed literature 

on Semantic Web using data collected from Scopus and Web of Science. Co-word 

analysis has been performed to study literature on Linked Data by Niknia and 

Mirtaheri (2015). Strategic analysis and keyword clustering have been used by Zhu 

et al. (2015) for studying research on ontology. Li et al. (2017) have presented an 

analysis of geo-ontology research with visualizations of research performance and 

collaborations in the domain while also analyzing the keywords, term words.  

Keyword based analysis can help in identifying the trends of development in a 

research field (Li et al., 2017). Also keyword co-occurrence can help in visualizing 

emerging research topics in a field of study (Fang et al., 2017). Both the Authors‘ 

keywords and Scopus assigned keywords were considered for the presented 

analysis. The graph showing the growth of the Scopus assigned keywords has been 

presented in Figure 1. Figure 2 shows the Scopus assigned keywords‘ co-

occurrence network where the bigger size of the nodes correspond to the top 

Scopus assigned keywords. 

 

Figure 1: Graph demonstrating the growth of Scopus assigned keywords 

Li et al. (2020) have proposed formulas for calculating the Popularity Index and 

Promising Index of entities. Within a specified period of time, the percentage of 

publications discussing an entity from among all publications within that time 

gives a measure of the Popularity Index (Li et al., 2020). Between two continuous 

periods the change in popularity of an entity is denoted by the Promising Index (Li 

et al., 2020). The formulas for calculating the value of the indices were applied for 
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studying the keywords during the period 2006-2020, divided into three sections 

viz., 2006-2010, 2011-2015 and 2016-2020. The obtained values have been 

presented in Table 1.The value of the indices for the period before 2006 was not 

calculated since significant growth in the usage of the keyword was noticed since

 

Figure 2: Network formed by Scopus assigned keywords co-occurrences 

2005 onwards. Only in 2006, Linked Data came into the picture (Berners- Lee, 

2006). So, the usage count of the keywords ‗Linked Data‘ and ‗Linked Open Data‘ 

in the documents was not found to be among that of the top keywords. Thus, the 

value of the Popularity index for Linked Data and Linked Open Data for the period 

2006-2010 and consequently, the value of the Promising index for the period 2011-

2015 could not be calculated.  From Table 1, it can be seen that during each period 

 2006-2010 (AC:143) 2011-2015 (AC: 221) 2016-2020 (AC: 229) 

Author keywords AC P1 AC P1 P2 AC P1 P2 

Linked Data Not in top 20 ------ 14 6.33 ------ 16 6.99 0.66 

Linked Open Data Not in top 20 ------ 6 2.71 ------ 12 5.24 2.53 

E-tourism 10 6.99 6 2.71 -4.28 9 3.93 1.22 

Scopus assigned keywords         

Ontology 90 62.94 100 45.25 -17.69 108 47.16 1.91 

Semantic web 57 39.86 80 36.20 -3.66 67 29.26 -6.94 

Knowledge based systems 12 83.92 18 8.14 -75.78 20 8.73 0.59 

 

Table 1: Values of the indices of selected keywords corresponding to 

different periods (AC:Article count;P1:Popularity Index;P2:Promising Index)  
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‗Ontology‘ has registered a high popularity index among the others. In 2016-2020, 

the value of promising index of ‗Linked Open Data‘ is higher than the others 

followed by ‗Ontology‘. A co-word analysis revealed the conceptual structure of 

the domain that has been obtained based on the word co-occurrences in the 

documents in the corpus and has been presented in Figure 3. The clusters display 

the pattern of word co-occurrences in the documents. The closeness of the words 

like ‗context‘, ‗knowledge graph‘ to the centre of the graph display that they are at 

the centre of the research domain under consideration. 

 

Figure 3: Conceptual structure map plotted from word co-occurrences 

2.3 Review 

There exist several studies that provide overview on the application of semantic 

web technologies in the tourism domain. Siricharoen (2008) has discussed about 

the probable uses of semantic web technologies in the tourism domain and about 

example ontologies in the e-tourism domain. Čech and Bureš (2009) have reviewed 

technologies related to semantic web, data mining and multi-agent technologies 

that are used in the e-tourism domain for the purpose of knowledge representation 

while discussing the drawbacks and pointing out important research areas. 

Eftekhari et al. (2011) have extensively reviewed the changes and developments in 

the tourism domain concurrent to the transition of the web from Web 1.0 to Web 

3.0. Mouhim et al. (2011) have provided an extensive discussion on concepts 

related to semantic web and knowledge management in tourism. Ortega et al. 
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(2014) have discussed about tourism standards, ontologies and enterprise 

architectures that are important for business intelligence. Suganya and Porkodi 

(2018) have reviewed studies from different domains including tourism that 

discuss information extraction based on ontologies. Vert and Vasiu (2014) have 

reviewed projects that focus on Linked Open Data integration in mobile augmented 

reality applications in the tourism domain. Yochum et al. (2020) have presented a 

systematic review of studies on linked open data in location-based 

recommendation system in the tourism domain. In the following sections, literature 

related to graph based modeling, linked data, tourism recommender systems, 

context based modeling, ontologies and application of other semantic techniques 

on the tourism domain have been reviewed. These themes were selected based on 

the quantitative analysis and scope of the thesis. 

2.3.1 Semantic techniques 

Abrahams and Dai (2005) have demonstrated a mechanism for annotating web 

pages with RDF metadata that enables agents to carry out search and coordination 

activities. Becker and Bizer (2009) have discussed about DBpedia Mobile that uses 

GPS location and the DBpedia dataset to inform users about nearby locations using 

a map. Users can further explore additional information by following additional 

links on the map. The application has been conceived thinking of the exploration 

of a city by a tourist. In addition to this, the application enables publishing of 

reviews, pictures etc. which are further linked with nearby DBpedia resources. 

Cambria, E., et al. (2010) have described about a tool using artificial intelligence 

and semantic web techniques, named SenticNet that helps in semantic mining of 

opinions in expressed in natural language. Burzagli et al. (2010) have combined 

web 2.0 and semantic web techniques for developing architecture for information 

exchange. The system discussed in Blanco-Fernández et al. (2011) prepares tourist 

packages by capturing user preferences from the TV programs watched by the user 

and the activities of the user in social network. Semantic sensor data integration 

based on cloud computing has been demonstrated by Zhang et al. (2012). Martelli 

et al. (2012) have discussed the use of a semantic approach in the design of a 

statistical information system for supporting tourism governance, such that all 

involved actors can benefit. Tiwari and Kaushik (2012) have used semantic 

annotations attached to the location of the user for the purpose of searching related 

web content. The location of the user has been obtained using reverse geo-coding. 

Li et al.‘s (2013) model aims to semantically convert user comments to ratings by 

using word matching. Next, the derived ratings and the ratings provided by users 

have been used for understanding the customers‘ satisfaction on the provided 

service. Matuszka (2013) has designed a framework that combines augmented 
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reality and semantic web for use in domains like tourism, navigation etc. Studies 

behind a prototype system for ride sharing service have been discussed by Smirnov 

et al. (2013). Also, algorithms for matching driver path and starting and destination 

points of tourists, path matching time reducing strategies have been discussed. 

Taking cognizance of user interest and by using semantic web technologies, 

Agarwal et al.‘s (2013) system can combine different travel components for 

providing cost effective packages while also allowing route customization. 

Refanidis et al. (2014) have presented an application that helps in planning tourism 

activities with due consideration of privacy. The application has a designated 

module for updating itself with new activities in the area. Panawong (2014) have 

demonstrated the use of a modified Naïve Bayes algorithm for classifying web 

pages related to Thailand tourism. Lisi and Esposito (2014a, 2014b) have discussed 

about the use of semantic web technologies for providing integrated tourism 

services in Apulia. Based on network ranking metrics developed from a network of 

tourist reviews, a keyword extraction method has been proposed by Becheru et al. 

(2015). Ikkala et al. (2015) have introduced TourRDF that extends the TourML 

schema. The study demonstrates the usage of TourRDF by using it on data about 

Suomenlinna fortress. Brasoveanu et al. (2017) have applied RDF Data Cube 

principles for integrating and visualizing statistical data sources and have 

exemplified the approach on the tourism and telecommunications domains. 

Jingxuan et al. (2017) have used a text clustering method using semantic similarity 

for analyzing satisfactions of dimensions of reviews of Chinese hotels. Khalil et al. 

(2017) have discussed the design of a system for providing a service of relating the 

products encountered by tourists to products in their own culture. For this purpose 

data about products and cultural attributes of tourists has been used. Ryu (2017) 

has presented a semantic system that helps in planning customized itineraries using 

Android smart phones by providing travel related information. The OnTraNetBD 

knowledge base by Islam (2018) relates different entities related to tourism. The 

knowledge base is extensible since the design contains provisions for mapping 

with related domain models. Holodnik and Perechuda (2019) have discussed the 

process of integration of the tourist points of interest and tourism services 

networks, and have also discussed the process of enhancement of tour planner. 

Rios-Alvarado et al. (2020) have proposed a process for extracting axiomatic 

relations from text by identifying entities, co-occurrences and patterns etc. Laddha 

and Jawandhiya (2020) have implemented a spelling correction module for 

accelerating the performance of semantic search interface to tackle misspelled 

words present in query. Che et al. (2021) have applied semantic network analysis 

on tourist comments to understand the perception of customers and have laid out 

important aspects. 
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2.3.2 Ontologies in the tourism domain 

Navigli (2002) have demonstrated the construction of a ‗is-a hierarchy‘ for a 

domain ontology using the WordNet hierarchy. Tryfona and Pfoser (2005) have 

modeled both spatial and temporal concepts in the demonstrated domain model 

that has been applied in the Athens Metropolitan Area for providing location-based 

services to tourists with mobile devices. Tomai et al. (2005) have used an user 

profile ontology and a tourism ontology for supporting trip planning. Choi et al. 

(2006) have used Activity (further classsified into Leisure Sports and Tourism 

Culture), Food, Accommodation and Transportation as the main classes in a travel 

ontology for use in a recommendation system. Schiel et al. (2007) have developed 

domain ontologies for tour components and used them for the discovering services 

and creation of trip plans. Zhao et al. (2007) have presented an ontology based 

image retrieval framework for the tourism domain, in which a ranking scheme has 

been used to rank content expressed in images. Gouveia and Cardoso (2007) have 

demonstrated data aggregation from various sources using ontologies. Lam and Liu 

(2008) have constructed a tourist information portal based on an ontology built 

using information from tourism websites. The tour planning system discussed by 

Castillo et al. (2008) uses an ontology based knowledge model for supporting its 

case-based module, user module and planning module. Damljanovic and Devedžic 

(2008) have discussed about a prototype ontology based system for e-tourism 

while delineating the efficacy of semantic web technologies. While experimenting 

on the e-tourism domain, Chifu and Letia (2008) have demonstrated the 

improvement of quality of ontology enrichment due to use of vector 

representations of newly added terms like document frequency - inverse term 

frequency (DF-ITF) weighting.  

Lam et al. (2009) have demonstrated a system that uses ontology constructed using 

information from websites related to travel, global positioning system and agent 

technologies for providing information to tourists in a location-aware manner. The 

system was evaluated on novice users to test the efficacy. Boldrini et al. (2009) 

have labeled questions on the tourism domain in the languages Spanish and 

English with matching answer types using ontologies for the purpose of training 

question answering system. Bilbao and Herrero (2009) have presented an ontology 

based semantic platform where users can register and search for different tourism 

services. Park et al. (2009) have presented a tourist preference ontology and a 

tourist services ontology which have been used in a tourist information system. 

The study by Mínguez et al. (2009) demonstrates semantic matching between a 

user profile ontology and a RDF knowledge base of tourism for the purpose of 

selecting tourist resources corresponding to a user profile and using the selected 
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resources to create an optimal route. Tang and Cai (2010) have demonstrated a 

formal concept analysis based method for extracting concepts from unstructured 

text documents for construction of a tourism ontology. Tatsiopoulos and Boutsinas 

(2010) have proposed a system that allows tourists to share knowledge with others 

having similar interests. In the system, ontologies have been used to represent 

tourism services and user interests that have been compared using algorithms for 

providing suggestions.  

Al-Hassan et al. (2011) have presented an ontology-based framework for e-

government tourism services that would help tourists in finding preferable 

destinations and activities. Dumitrache and Lange (2011) have built a website of 

urban landmarks of historical importance with annotations for querying facility. 

Books on architectural landscape of touristic importance were subjected to text 

mining for creation of an ontology representing relevant information. The study 

also discusses about the relevance of Drupal7 and Semantic MediaWiki to the 

requirements of the project. Manna et al. (2011) have designed a system that has 

deployed an ontology of tourist offers that is populated with information extracted 

from leaflets provided by tour operators to the travel agencies. Ferrández et al. 

(2011) have designed the QALL-ME framework that provides an ontology-based 

architecture for building cross-lingual and multi-lingual question answering with 

due cognizance to space and time of the question. Based on the framework, an 

example application for events in the tourism has been discussed. An application of 

ontologies for semantic clustering has been demonstrated in Batet et al. (2011) by 

using data collected from visitors of a Natural Reserve. The study states that 

addition of conceptual meanings helps in better interpretation of clusters. Bordoni 

(2011) has proposed an outline of an information infrastructure based on an 

ontology of cultural objects using information from different cultural resources. Li 

et al. (2011) have introduced some principles for construction of ontology based 

travel knowledge database.  

Nakatoh et al. (2012) have used a statistical method for constructing a set of 

tourists‘ behavior. An ontology construction process using resources gathered from 

web has been also discussed in the study. Palaniammal et al.‘s (2012) semantic 

search model helps in retrieving information based on user‘s priority. A 

conditional probability is calculated from the model and a deployed ontology is 

queried for retrieving information. Cao and Nguyen (2012) have designed semantic 

search interfaces for a mobile travel guide application based on an ontological 

model representing tourists‘ profiles and resources. Based on the ant colony 

algorithm the study provides a travel itinerary planning algorithm. Ma and Zhou 

(2012) have also used the ant colony algorithm and have designed a web service 

modeling ontology for predicting consumption trend of travelers by analyzing 
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behavioral characteristics of travelers. The ontology can support tourism managers. 

Kitwatthanathawon et al. (2012) have discussed an ontology based system for 

extraction and knowledge base creation from tourists‘ hotel reviews. In addition to 

this the satisfaction level of tourists has been calculated using a fuzzy logic based 

method. Alonso et al (2012) have described an ontology based system that 

regularly updates the user profiles using feedbacks. The user profiles are used to 

query different information sources and ranked results are provided to the user. 

Vicient et al. (2013) have proposed a method for extraction of relevant named 

entities from textual resources and associating them with concepts represented in 

an ontology using a web-based co-occurrence analysis and linguistic support. 

Formica et al.‘s (2013) system uses an ontology-based method for structuring 

services using representative concepts which are then used to match features from 

incoming user requests. Park (2013) has preferred task ontology based on activities 

of mobile users for constructing a tourist information service. The ontology 

represents travelers‘ needs and activities. Liu et al. (2013) have presented a fuzzy 

formal concept analysis based construction of ontology on the tourism domain that 

involves information analysis, conceptual clustering and mapping. Zhang et al. 

(2013) have designed an OWL ontology model for sensor data for dealing with 

tourism information collected from destinations. Lima and Moreira (2013) have 

presented a three tier framework for tourism information systems. The framework 

consists of a core layer that represents an ontological tourism model, a data layer 

that supports mapping of information from relational databases to RDF and an 

application layer that supports data integration from different data sources.  

Nasingkun et al. (2014) have described the process of automatic ontology 

refinement using concepts induced from the users. Agarwal et al. (2014) also have 

constructed an e-tourism ontology that structures data integrated from reliable data 

sources.  Prasath et al.‘s (2015) proposed system retrieves document by matching 

user query type with document topic. An ontology has been deployed that 

represents topics in the tourism domain that have been identified using a document 

classifier. The user query type has been identified using a query classifier. Frikha 

et al. (2015) have developed a user interest ontology containing preferences and 

influences collected from social networks. The ontology has been deployed in a 

recommender system for the Tunisian tourism domain. Zhang et al. (2015) have 

proposed an automatic image annotation method using a tourism ontology. The 

proposal includes the use of image classification for acquiring names of scenic 

spots. Varfolomeyev et al. (2015) have developed a historical tourism 

recommendation service by employing the smart space approach of service design 

that uses ontological formats for representing and retrieving information. A mobile 

application that provides tourism information based on user preferences and 
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situation at the destination has been developed by Ponomarev and Parfenov (2015). 

The discussed application is supported by a tourism ontology and a formal model 

for stability. Pavkovic and Štajduhar (2015) have discussed a framework that 

guides the representation of data collected from different tourist services on the 

web using an ontology such that the different web services can be queried from a 

single end point. 

Hu and Li (2016) have constructed an ontology based user interest model based on 

user‘s web access actions, sentiment, and demographic information. Martínez-

García et al. (2016) have represented user preferences about tags using an 

ontology. The study provides an example application of the approach on the 

tourism domain. Chu et al. (2016) have proposed an ontology based tourism 

recommender system. The methodology involves segregating users into groups, 

namely, related and non-related by using association rules. In addition to 

collaborative filtering for incorporating time factors for dealing with both the 

segregated user categories, a tourism attraction ontology has been used for the 

unrelated users category. The approach of Kasri and Benchikha (2016) allows 

users to interact with the system based on their view of the domain. Ontology 

design patterns and relational concept analysis have been used to conceptualize the 

methodology. Rajapaksha et al. (2016) have devised an ontology based tour 

planner system. The system uses scores to map identified travelers‘ features with 

destinations‘ features for recommending destinations. Fang et al., (2016) have 

proposed a framework of tourism Linked Data that involves a metadata layer, an 

ontology layer, a Linked Data layer and a Data application layer. Chochiang et al‘s 

(2016) platform helps non-Thai speaking tourists in finding information on the 

web. An ontology on phuket tourism, a language ontology and a user profile 

ontology has been deployed for the platform. Frikha et al. (2017) have proposed a 

method for calculating trusted friends based on analysis of Facebook profile of 

user and have presented an ontological user model based on degree of trust and 

preferences of trusted friends. Akbar et al. (2017) have presented an ontological 

model for representing communication activities on multiple channels with 

uniformity. The usage of the model for the tourism industry has been discussed in 

the study. Data structuring using ontologies and interlinking with contextual data, 

exemplified using a tourism recommendation application has been presented in 

Gasmi et al. (2017). Nasingkun et al. (2017) have created an ontology based 

knowledge map by linking cultural heritage sites with aspects based on common 

properties. Getahun and Woldemariyam (2017) have demonstrated an approach 

based on statistical and neural network techniques (word2vec) for ontology 

learning using data from unstructured and semi structured sources.  
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Kularbphettong‘s (2018) methodology for ontology enrichment using information 

extracted from unstructured text of websites deploys data mining techniques and 

has been exemplified on the Thai tourism domain. Salaiwarkul and Khruakong 

(2018) have presented an hybrid approach for interpretation of queries in Thai 

language for retrieving information from a tourism ontology. Thai does not have 

space between words and thus requires special processing. Pandolfo et al. (2018) 

have proposed a user model ontology for describing the user interests, that could 

be deployed into cultural tourism applications. Salaiwarakul (2018) has presented a 

cultural tourism ontology that helps users to access tourism information using 

queries in Thai language. Virmani et al‘s (2018) Touringology can provide 

information about different kind of facilities so that tourists can make travel plans. 

Mili et al. (2018) have discussed the development of an e-tourism portal based on 

an ontological domain model. Wardhana et al. (2018) have used the semantic web 

rule language for construction of a tourism ontology. Mikhailov and Kashevnik 

(2018) have developed an ontology that coordinates a set of interacting services 

within a trip planning system and enhances interoperability.  

The human-computer cloud discussed in Smirnov et al (2019) uses ontologies for 

resource discovery and composition of decision support workflow. Gunathilaka et 

al. (2019) have discussed a semantic feature-based approach for opinion mining 

that involves part-of-speech tagging and ontology. Blersch et al. (2019) have used 

ontologies for creation of virtual assistants and have tested them on the tourism 

domain among others. An emotion analysis model that utilizes a tourism domain 

ontology and helps in designing formulas to quantify tourists‘ emotions has been 

discussed in Pan et al. (2019). Mountasser et al. (2019) have discussed about an 

ontology-based centralized platform that uses different open data sources for 

supporting tourists in tour planning. By using DBpedia ontology as a tool for 

semantic annotation, Rosyiq et al. (2019) have demonstrated the process of 

semantic information extraction from Twitter. Ontology based tourist knowledge 

recommendation has been also demonstrated in Pai et al (2019) that uses a tourist 

knowledge structure constructed from online travel reviews. The addition of new 

concepts to the DWIPA ontology using the ontology enrichment methodology has 

been demonstrated in Kuntarto et al. (2019a&b). The architecture of the tourist 

guide presented in Stoyanova-Doycheva et al (2020) uses ontology network (for 

cultural and historical objects presented according the CCO standard) for 

generating the tourist routes. Tian et al. (2020) have used ontology for knowledge 

representation and description logic for drawing inferences between different 

constituents of a smart tourism system-of-systems. Doan et al. (2020) have 

demonstrated the construction of ontology by extracting concepts and relations 

from text corpus and using word sense disambiguation. Sengloiluean et al. (2020) 
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have demonstrated an ontology based semantic text extraction process validated 

through Recall, Precision and F-measure scores that has been exemplified on the 

tourism domain. Premananthan et al. (2020) have used Latent Dirichlet Allocation 

for building an ontology for visualizing relationships between keywords and model 

topics related to the wildlife sector. Laddha and Jawandhiya (2021) have discussed 

an ontology constructed for supporting information retrieval in the Indian tourism 

domain. Gala et al.‘s (2021) work discusses about a three level architecture of an 

ontology representing cultural heritage knowledge for the urban tourism domain. 

Boudaa et al.‘s (2021) mobile application DATAtourist uses a tourism ontology as 

knowledge source and provides personalized recommendation of tourist points of 

interest. 

2.3.3 Dealing with context in tourism 

Lam and Lee (2006) have used user location captured using GPS devices and a 

domain ontology on tourism for providing location-aware information service to 

the users while matching their interests. Paganelli et al. (2007) have combined 

object-oriented models with ontology-based models for improved context handling 

and reasoning and have demonstrated the approach on the tourism domain by 

integrating location-aware services with messaging services. Kanellopoulos and 

Kotsiantis (2007) have modeled destinations, user profiles and context using 

ontologies. The architecture uses the Semantic Web Rule Language for drawing 

contextual inferences with user profile descriptions. Viana et al. (2007; 2008) have 

demonstrated a system that provides service using contextual annotations to photos 

using an ontology that represents data from social networks. Barta et al‘s (2009) 

approach involves the usage of different ontologies for matching between user‘s 

context and tourist sites. Schenk et al. (2009) have demonstrated an infrastructure 

for exploring heterogeneous data which can be visualized using different 

contextual views. The data infrastructure is linked with WordNet, GeoNames, 

DBpedia etc. A human-centric approach for context modeling using ontologies has 

been demonstrated by Lamsfus et al. (2009).  Adel and Abbdellah (2010) have 

demonstrated an ontology based system for discovering contextual web services 

with due consideration to quality. The construction of the ontology involves 

defining the service requirements and parameters for service quality followed by 

description of contextual metadata. Kim and Park (2011) have discussed about 

both user experience based context ontology and multiple sensor based context 

ontology. An augmented reality based tour application for Korea‘s National Palace 

Museum has been demonstrated. 

Lamsfus et al. (2012) have discussed context focusing on the characteristics and 

requirements from the perspective of human mobility. The study describes a 
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framework that advocates the use of digital broadcasting for disseminating 

information to mobile devices which is then filtered using a network of ontologies 

for displaying to tourists. Wang et al. (2012) have constructed an ontology for 

modeling contextual information for use in mobile e-commerce related to tourism. 

Namahoot et al. (2015) have used the Naïve Bayes Model with boundary values, 

an ontology on Thailand tourism and a temporal ontology for building a context 

aware tourism recommender system for Thailand. Smirnov et al. (2016) have 

proposed an approach to construct a recommendation system consisting of multiple 

modules that coordinate using a coordination module for adapting to the tourist 

context. Based on existing context awareness research and context sensitive 

features of mobiles, Zhang et al.‘s (2016) ontology based system recommends 

tourist attractions. Cheniki (2018) have developed a context-aware service 

discovery system. The system is based upon a model that describes properties of 

context-aware services and is enriched with instances from linked open data. Based 

on descriptions, matchmaking algorithms have been used to provide contextual 

services to users. Chantrapornchai et al. (2018) have demonstrated that image 

annotation using ontology improves search-ability and helps in retrieving results 

according to context. Wang (2018) has proposed a context-aware tour 

recommendation system that uses ontology for describing spatial, temporal and 

causality relationships. Khallouki et al. (2018) have developed a context aware 

mobile tourism recommendation system using a combination of Internet of Things 

technologies and semantic web services. A context-aware ontology-based 

algorithm for suggesting routes to tourists has been discussed in Barzegar et al. 

(2019). A drivers‘ experiences ontology and a tourist services ontology were 

deployed for the algorithm. Mikhailov et al (2020) presents an analysis of tourists‘ 

behavior using contextual information. The work demonstrates the usage of the 

digital pattern of life that helps in defining important components related to 

tourists. 

2.3.4 Tourism recommender systems 

García-Barriocanal and Sicilia (2008) have demonstrated the process of 

recommending itineraries in Alcalá de Henares by using an ontological model for 

cultural spaces. An ontolgy based recommendation system for Tainan City travel, 

that uses a fuzzy inference mechanism and ant colony optimization has been 

demonstrated in Lee et al. (2009). The workflow of the system involves an agent 

that first finds location distance and counts contextual relations and then based on 

tourist‘s requirements and a travel ontology infers contextual information. Next, a 

personalized tour route plotted on Google Map is found by a route 

recommendation agent. Choi et al. (2009) have constructed a recommendation 
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system that finds personalized destinations based on a Jeju travel ontology. Al-

Hassan et al., (2010) have discussed an ontology based personalized e-government 

tourism service recommender system. User communities visiting similar place 

categories can be identified using the methodology demonstrated in Noulas et al. 

(2011). The study demonstrates the process of using place information in tourism 

recommender systems. Wang et al. (2011) have constructed an ontology-based 

knowledge base that integrates travel information from various sources. The travel 

behavior of the user accessing the system and other users is taken into 

consideration while providing recommendation service based on the Bayesian 

network technique. García-Crespo et al.‘s (2011) recommender system uses 

ontologies for representing customer and hotel related concepts and characteristics. 

Feedback on recommendations provided by the system is used to update rules in 

the system.  

Cardona and Garijo (2012) have discussed the process of aggregating data from 

different sources and using it for providing recommendation service based on 

social profile and context of user. Borràs et al.‘s (2012) framework used in a 

tourism recommender system is based on the assumption that every user relates 

with a concept in the ontology to some degree. This leads to the calculation of a 

degree of confidence associated to the user. Next, spreading algorithms have been 

used to propagate information about the user‘s preferences and degree of 

confidence throughout the set of concepts. Kuntarto and Gunawan (2012) have 

discussed about the Bali tourism ontology based Dwipa search engine. Ciobanica 

et al. (2012) have used an ontology along with a map system for aggregating 

information from the web for using in a travel recommender system.   Dînsoreanu 

et al. (2012) have used a combination of ontology-based domain model and case-

based reasoning approach for designing a recommender system that has been tested 

in the tourism domain.  

SigTur/E-Destination discussed by Moreno et al. (2013) is an ontology based 

system that gives consideration to motivation behind travel, demographic 

information, user ratings etc. for providing tourism recommendation service in 

Tarragona. The tourism information system designed by Smirnov et al. (2013) 

recommends tourist attractions based on user preferences and the situation at the 

location while also showing information on the attraction that has been evaluated 

by others. Taking cognizance of the fact that if late response is provided to tourists, 

the recommendation of points of interest may become redundant, Alhazbi et al. 

(2013a, 2013b) have designed an ontology based mobile tourism recommender 

system that uses user location and speed for recommending points of interest 

before the user reaches them. Ruotsalo et al. (2013) have devised a recommender 

system for contextually addressing the needs of tourists accessing cultural heritage 
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and have used ontologies to structure user profiles, data from sensors, content 

descriptions. The information system devised by Luz et al. (2013) exploits data 

from social networks for providing tourism related recommendation services. Shi 

et al. (2014) have developed an ontology based recommender system that links 

user‘s needs and context based preferences. Ferraro and Lo Re (2014) have devised 

an ontology based travel plan recommender system for aiding tourists by using 

situational information about the place. Borràs et al. (2014) have extensively 

examined smart e-tourism recommender systems with due consideration of factors 

like diversity of recommendation algorithms, functionalities of the systems. The 

study also shares guidelines for recommender system construction. Bahramian and 

Ali (2015) have proposed a tourism recommendation model that adapts user 

preferences using the spreading activation strategy. Al-Hassan et al. (2015) have 

proposed an ontology based semantic similarity measure based on relationships 

and attributes for evaluating semantic similarity between items. Using the semantic 

similarity measure and collaborative filtering approach a recommendation 

methodology has been proposed that has been exemplified on the Australian e-

Government tourism services. Lu et al. (2015) have presented a destination 

recommender system based on semantic web technologies. The study aims to 

contribute to behavioral research in the e-tourism field. Devasanthiya et al.‘s 

(2016) system recommends tourism options to customers. The system utilizes text 

mining techniques to analyze textual messages exchanged between a tourist and a 

travel agent and uses the results of the analysis for creating the recommendation. 

The findings of the study demonstrate that results retrieved by using ontological 

specifications have better relevancy than results yielded without using ontological 

specifications. Shi et al. (2016) have used semantic web and big data based 

techniques like structural equation method, path analysis etc. for modeling 

stakeholders of intangible cultural heritage tourism. Smirnov et al. (2016) 

recommends attractions to tourists based on their preferences, the situation at the 

attraction and tourists‘ ratings. Information about the attractions is extracted from 

the web sources. For building a tourism recommendation system for Thailand 

tourism, Namahoot et al. (2016) have used a tourism ontology for tourist 

attractions and a temporal ontology for important festivals. The Semantic Web 

Rule Language and the KNN algorithm have been deployed for retrieving 

information. Based on the user needs selected by the user, the system recommends 

appropriate destinations. Frikha et al. (2016) have calculated trust among social 

network friends with due consideration to temporal factors for using in the 

development of a tourism recommender system.  

Smirnov et al.‘s (2017) approach for construction of tourism recommender systems 

consists of multiple coupled models. Lee et al. (2017) have developed an ontology 
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based tourism recommendation system where the use of Fuseki server can be seen. 

Bahramian et al. (2017) have used the spreading activation method to provide 

context-aware tourism recommendations. Zhang and Sun (2018) have developed a 

system that provides recommendations to tourist groups and also has interactive 

features. Boulakbech et al. (2018) have discussed about a system that recommends 

tour itineraries by using data integrated from heterogeneous sources. Frikha et al. 

(2018) have used trusted friend‘s preferences extracted from social network and an 

ontology of user interests for developing a knowledge-based personalized 

recommender system. Subramaniyaswamy et al.‘s (2019) ProTrip is a health-

centric recommender system that can serve personalized food recommendations to 

travelers. Sittisaman and Panawong (2019) have discussed about a real-time 

tourism information recommendation system for smart phones that utilizes PHP 

and SPARQL for temporal and spatial ontology search. Aslam et al. (2020) have 

proposed an ontology based recommender system where queries can be made in 

natural language and answers are returned based on user demand and offer 

relevance. She et al. (2020) have developed a tourism recommender system that 

utilizes a property graph ontology that uses jaccard index for defining rules and 

relations between entities. 

2.3.5 Linked Data in the tourism domain 

Van et al. (2010) have aggregated generic information about geo-locations and 

specialized cultural heritage information while also using linked open data sources. 

Next, location aware mobile systems have been used to search the localized 

information. The study advocates clubbing linked open data sources with other 

data sources for creating better services. Cao and Tuan (2011) have discussed 

about a tourist information access and recommending system for the Android 

platform, that uses an ontology for describing travel information and supports data 

integration from Linked Data sources. The application also uses ontology 

manipulating web services for providing dynamic user interfaces that helps users in 

expressing queries with different complexity levels. Sabou et al. (2012) have 

pointed out challenges to reuse of data offered by organizations in the tourism 

domain and have demonstrated the use of linked data technologies for transforming 

the data obtained from TourMIS. Buján et al. (2012) have commented on context 

modeling in tourism applications while also demonstrating an approach based on 

publishing of open data as linked data for context modeling. LinkedQR has been 

discussed by Emaldi et al. (2012) for a combined usage of QR codes and linked 

data. Descamps-Vila et al. (2012) have created an ontology for representing user 

preferences, habits, POIs etc. and also aligned it with the Linked Geo Data 

ontology. The ontology serves a mobile application that recommends personalized 



22 
 

routes to users. Lapi et al. (2012) have discussed important constituents that are 

necessary for building a linked open data platform for storing and cataloging 

datasets. The use of the platform has been exemplified by demonstrating tour guide 

that consumes the published open data. Buján et al. (2013) have presented an 

approach for modeling context data that is based on publishing of data from Open 

data repository as Linked Data. Ou et al. (2013) have designed a linked data based 

framework for disaster management and have also demonstrated the application of 

this framework by discussing a disaster alert system for tourists. Sabou (2013) 

have exposed the tourism statistics data of Europe contained in TourMIS in a 

Linked Open data format. Keller et al. (2014) have devised a mobile application 

that uses contextual information about the user and tourism information sources for 

supporting tourists. Toma et al. (2014) have discussed the relevance of several 

Linked Data technologies to their work that focuses on annotation of tourism 

service providers in Innsbruck and its surroundings for greater visibility. 

Makiyama et al. (2014) have also used linked data to provide tourism service. The 

study notes the use of social experiments for evaluating the provided service. 

Fensel et al. (2015) have introduced TourPack, a linked data based system for 

providing information on tourist services by integrating from multiple sources. The 

study also proposes to make the service packages available for booking. Nguyen et 

al. (2015) have followed a Linked Data based approach for building a mobile 

application for aiding the tourists in rural settings. Cabrera Rivera et al.‘s (2015) 

methodology for constructing a Linked Data based recommender system takes 

cognizance of user preferences and opinions. Lo Bue and Machì (2015) have 

demonstrated a methodology for data integration using SPARQL queries and SPIN 

rules. The study has discussed an application of the methodology on the tourism 

domain whereby integration, interlinking, enrichment and publication of data as 

Linked Open Data has been demonstrated. Fermoso et al. (2015) have discussed 

about  a collaborative knowledge base that has been developed using open data of 

a regional government enriched using the Linked open data cloud. The system also 

allows knowledge collaboration by different tourism related user profiles. Sabou et 

al. (2016) have followed a Linked Data based approach for integrating data from 

Eurostat, World Bank, TourMIS and have thus discussed the suitability of Linked 

Data technologies in data integration. Wakahara et al.‘s (2016) study describes 

converting of tourism data into RDF format and storing it in a Linked open data 

database for developing a local community system for tourism. Klein et al. (2016) 

have discussed experiences from the LOD project ‗Fusepool P3‘ that is concerned 

with development of tourism related applications and software components for 

publishing legacy data in the linked data format. 
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Liu et al. (2017) have used a linked data method for studying Chinese tourists‘ 

behavior in Switzerland. The discussion surrounds profiles of Chinese travelers‘, 

keywords trends, etc. A semantic search engine based on linked data technologies 

for providing information to tourists and other stakeholders of tourism has been 

proposed. Nahari et al. (2017) have reviewed the measures for quality assessment 

of data and have presented a linked data fusion and quality assessment framework. 

Mekhabunchakij (2017) have presented a Linked Open Data modeling approach 

with example application on the domain of Thailand tourism. The discussion 

surrounds mapping between relational data and Linked Data, visualization of key 

tourism indicators and other Linked Open Data modeling related steps. 

Mihindukulasooriya et. al. (2018) have demonstrated the process of publishing 

statistical data of Srilankan tourism as 5-star linked open data by using the W3C 

RDF Data Cube vocabulary. Cheniki et al. (2019) have proposed a trip 

recommendation method involving linked open data. Dimitrakis et al. (2020) have 

presented a survey of works on question answering systems that have been applied 

in RDF or Linked Data or a combination of these. Yang and Chen (2020) have 

developed a tourism recommendation platform based on linked open data. 

2.3.6 Graph based modeling and visualizations 

Ling et al. (2007) have presented an ontology modeling tool that enables building 

of ontologies in a graphical mode. The use of the tool has been exemplified by 

demonstrating the construction of an ontology on the tourism domain. For tourism 

information, Nakatoh et al. (2011) have proposed an approach that uses WordNet 

for visualization of a document group as a conceptual graph thereby revealing 

trends and other features. Paramonov et al. (2016) have discussed about the 

generation of graphs using linked key phrases that have been automatically 

extracted from text. The demonstrated approach for key phrase extraction involves 

a combination of key phrase extraction algorithm and thesaurus-based procedure 

for better results. Lu et al. (2016) have constructed knowledge graph based on user 

profiling and using existing knowledge graphs like Geonames, DBpedia etc. Lu et 

al. (2017) have observed the comparative performance of knowledge graph and 

folksonomy and have designed a framework for assessment of users‘ affinity. 

Lully et al. (2018) have utilized knowledge graphs for providing content based 

explanations. The study discusses the problem of explaining recommendations 

using unstructured textual data and the described approach that has been 

exemplified on the tourism domain utilizes resources like DBpedia, schema.org 

and YAGO. Kärle (2018) have shown the process of developing a knowledge 

graph from Tyrolean tourism data which involves mapping data sources to 

schema.org. Alonso-Maturana et al. (2018) have discussed about a tourism 
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knowledge graph based upon existing vocabularies and ontologies like FRBR, 

Geonames, Harmonise, OnTour, Rout and rNews. The semantic enhancement of 

event data by linking with the DBpedia and Geonames has been discussed in Lo 

Bue (2019). Using Schema.org vocabulary the resulting RDF knowledge graph 

was exposed in the web and was also made accessible for providing an event 

searching service through an instant messaging application. Zhang et al. (2020) 

have presented a tourism knowledge graph using knowledge from encyclopedia 

and web pages. 
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Chapter 3:  Data & Information Sources 

 

The review of existing literature presented in Chapter 2 reveals that information 

about tourists‘ behavior, motivating factors, income patterns, opinions about 

destination image, service quality, comparative experience etc. are usually used to 

construct tourist profiles for use in tourism recommender systems. On the other 

hand, tourists use information about destination resources, accommodations, 

infrastructure, rental facilities, currency exchange, rules and regulations etc. for 

making tour plans. Organizations like World Travel & Tourism Council, United 

Nations World Tourism Organization provide specific information on tourism. 

Organizations like airline groups, marketing associations etc. that include private 

players, also provide specified information related to the components of tourism 

that they deal with. According to Fodness and Murray (1999) as cited in 

Hernández-Méndez et al. (2013), sources of tourism information have been mainly 

classified into the following: ―Commercial Impersonal sources (for example, 

Brochures, Travel guides, Local tourist offices), Commercial Personal sources (for 

example, Clubs, Travel agencies), Non-commercial Impersonal sources (for 

example, Magazines, Newspapers) and Non-commercial Personal sources (for 

example, Friends and family, Personal experience).‖ In this chapter, data and 

information sources, vocabularies and standards that are relevant to tourism have 

been discussed. 

3.1 Generic sources on tourism 

Guide books have been serving as tourism information source since long. They are 

used by both tourists and service providers. Nowadays, people refer to travel blogs 

(for example, https://www.travelblog.org/) which are usually sources for learning 

about tour experiences. Word-of-mouth is also an important information source for 

tourists (Hernández-Méndez et al., 2013). Tour related information is available in 

social media networks (for example, travel related groups or state tourism pages in 

Facebook), where experiences, recommendations, packages, comparative 

evaluation etc. are available. Also, there are websites dedicated to tourism (for 

example, https://www.indianholiday.com/, https://www.tourmyindia.com/, 

http://india-tour.com/ etc.) that disseminate information on travel destinations. 

Online sources providing map based visualizations of the world (for example, 

https://www.citypopulation.de/en/world/bymap/, https://www.atlapedia.com/ etc.) 

or generic or comprehensive information like population, culture, flags, languages 

etc. about different locations of the world (for example, http://countrystudies.us/, 

http://geography-site.co.uk/, https://nationsonline.org/ etc.) or gazetteers (for 
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example, http://www.fallingrain.com/world/, https://gazetteer.org.uk/etc.) also can 

impart information to tourists. Examples of some of the sources have been 

discussed in this section.  

World Travel Guide: Its print version has been in existence for a long time. It 

covers many popular travel destinations with details about ports, resorts, events. It 

is available in a lot of languages. The online portal is updated daily with tourism 

related news and interesting features. The brand is associated with Columbus 

Travel Media portfolio (https://www.worldtravelguide.net/about-us/). 

Columbia Gazetteer of the World Online: It is an encyclopedia of geographical 

places and features (http://www.columbiagazetteer.org/static/about_gazetteer). The 

gazetteer is updated regularly and contains information on population, landscape 

alteration due to natural and man-made activities. Countries have been covered 

extensively irrespective of their size. The coverage can be typically grouped into 

the physical world (includes major geographical regions), the political world 

(includes oceans, mountains, deserts, volcanoes etc.) and special places (theme 

parks, natural reserves, ports, historic sites etc.). 

TripAdvisor: Before becoming one of the most popular sources of reviews, 

TripAdvisor (https://www.tripadvisor.in/) used to provide information aggregated 

from different sources (Keates, 2007). At TripAdvisor visitors rate (using click 

buttons) and review (using free text) destinations which can be viewed publicly. 

Reviews in languages other than English can be read using translation. A lot of 

people study TripAdvisor reviews for learning about travel experiences of others 

(Keates, 2007).  

3.2 Sources on accessible tourism 

Information sources on accessible tourism are a little different from generic 

tourism information sources by virtue of their focus on accessibility features. 

Ideally, online sources on accessible tourism should adhere to the Web Content 

Accessibility Guidelines (https://www.w3.org/WAI/standards-guidelines/wcag/). 

The World Tourism Organization has recognized some of the organizations that 

are putting forward exceptional efforts to support accessible tourism. Some such 

sources have been listed here. 

scandichotels.com: In addition to the options for exploring and booking the 

services offered by the Scandic hotel chain (https://www.scandichotels.com/), the 

website has travel guides and provides information on accessible destinations. The 

organization adheres to a common standard of accessibility measures followed 

across the chain of hotels (Scandic, 2012). 



50 
 

accesstraining.eu: It is a website for registering for e-learning course on accessible 

tourism that has been designed for destination managers. The course touches on 

important topics that can make staff capable of supporting disabled persons in 

overcoming barriers. The course is an outcome of research that identifies 

requirements of tourists with disabilities and the professional skills required for 

providing service. The research database of the ETCAATS project contains a 

variety of information and pedagogical materials on accessible tourism               

and can be accessed at https://www.etcaats.eu/?i=etcaats.en.etcaatslibrary. 

quebecforall.com: This platform provides information on accessible destinations, 

activities, itineraries and supporting services in Quebec. It is a product of Kéroul 

(https://www.keroul.qc.ca/en/home.html), an organization that specializes in 

providing services to people with disabilities. Keroul is also behind the travel guide 

‗The Accessible Road‘ that provides information on tourist destinations, services 

and information offices in a way to support accessible tourism in Quebec (World 

Tourism Organization, 2016c). 

Take Charge of Your Travel – A Guide for Persons with Disabilities: The 

Canadian Transportation Agency aims to support disabled persons with this guide 

by providing crucial accessibility related information required for different stages 

of tour planning and describing different types of accessible services (Canadian 

Transportation Agency, 2009 as cited in World Tourism Organization, 2016c). 

sydneyforall.com: This website belonging to Destination New South Wales is a 

result of efforts made to understand the needs of disabled persons and develop 

accessible information systems. It enlightens visitors about accessibility conditions 

in Sydney on the basis of expert recommendations (https://sydneyforall.com/). 

visitflanders.com/en/accessibility/index.jsp: This website contains information on 

accessible tours that can be undertaken in the Flanders region of Belgium. 

Designation labels have been used to distinguish destinations based on their 

support for accessibility. The website also contains brochures and other supporting 

materials (https://www.visitflanders.com/en/accessibility/index.jsp). 

3.3 Data Standards and Vocabularies 

Due to the complexity of the tourism domain because of the underlying linguistic 

and cultural differences, formulation of standard tourism definitions is very hard 

(Jentsch, 2005). The TourInFrance  standard (TIF) standard for data exchange, a 

widely used standard in France stopped evolving and thus its users have 

transformed it in their own way suiting their own purpose and thereby data sharing 

using TIF has become non-interoperable (Soualah-Alila, 2015). The Open Travel 
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Alliance specification helps in defining XML Schema documents for the purpose 

of facilitating information exchange in the travel sector (OpenTravel Alliance, 

2019). The Harmonise ontology was built to map different ontologies into a single 

ontology for supporting tourism but the Harmonise platform has been focusing 

only on the European standards and information systems (Dell‘Erba, 2003). 

Though, Schema.org (schema.org/docs/full.html) contains various semantic tags 

but only tags related to Trips, Events, Place of Interest and other tourism concepts 

are relevant as is evident from existing literature on the domain. Chaves et al. 

(2012) have reused classes from DBpedia and Schema.org in an multilingual 

ontology, named Hontology for the accommodation sector. Şimşek et al. (2020) 

have proposed an approach for generating domain-specific patterns from the 

schema.org vocabulary by using operators implemented in SHACL syntax. Kärle 

et al. (2015) have studied the usage and application process of schema.org in the 

domain of hotels. For supporting sustainable travel and tourism, the Global 

Sustainable Tourism Council (https://www.gstcouncil.org/), registered in the USA 

has put forward standards and sets of criteria (one for policy-makers and 

destination managers and another for hotels and tour operators) that can be adapted 

locally. In this section, standards and vocabularies that are used in the tourism and 

geo-spatial domain have been discussed. 

ISO 18513:2003: This standard by the International Organization for 

Standardization, defines terms related to accommodation related services in the 

tourism domain with the aim of establishing a common vocabulary between 

service providers and tourists (https://www.iso.org/standard/31812.html). The 

standard does not define complex terms or those terms which cannot be translated 

into all the languages used in the standard (Jentsch, 2005). 

Thesaurus on Tourism & Leisure activities: The WTO‘s multilingual (Spanish, 

English and French) thesaurus (UNWTO, 2001) provides terminology for enabling 

standardization and interoperability at a global level. De Vita et al. (2017) have 

converted this thesaurus by following the Simple Knowledge Organization System.  

European Union‘s INSPIRE Directive: The INSPIRE Directive provides a spatial 

data infrastructure for the environmental policies or activities of the European 

Union for facilitating policy-making, allowing public access and sharing of 

environmental spatial information. It is based on the infrastructures used by the 

member states of the European Union and contains 34 spatial data themes. The 

Directive was published in 2007 and is set to be fully implemented by 2021. The 

Directive is extensible so that it can support domain specific needs (Directive 

2007/2/EC, 2007). 
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GeoSPARQL: The Open Geospatial Consortium has developed the GeoSPARQL 

standard for the purpose of representing and querying geospatial data on the 

Semantic Web (https://www.ogc.org/standards/geosparql). GeoSPARQL can 

support spatial reasoning and computations. The GeoSPARQL standard consists of 

modules that define RDFS/OWL classes, RDF properties, RDFS data types, 

topological query functions, RDF triple matching mechanism and rules for query 

rewriting (Open Geospatial Consortium, 2012). 

General Transit Feed Specification: Public transit agencies can publish data by 

following this data specification so that different applications can consume it. The 

specification has a static and a real-time component. The static component is 

composed of routes, stops, fares, pathways etc. The real-time component is 

composed of prediction of arrivals, position of vehicles etc. The specification is 

very popular among public transport providers. Data publishers have to follow 

very specific instructions like saving files in comma-delimited format, taking care 

of case-sensitiveness etc. while publishing data using this specification 

(https://gtfs.org/).  

GeoWordnet: GeoWordNet is a resource that has integrated WordNet and geo-

spatial resources like GeoNames. It has used WordNet for adding semantics to the 

GeoNames feature classes. Other geospatial resources were also consulted and new 

concepts were introduced to the integrated knowledge base. The methodology was 

largely automatic with manual checking and involved evaluation by experts from 

the field of library science (Giunchiglia et al., 2010) 

Getty Thesaurus of Geographic Names: It is a vocabulary that contains place 

names, alternative names, geographic coordinates and feature types. Different 

administrative features, physical features, archeological sites, lost settlements, etc.  

have been covered including entities from the historic period and also from the 

present time. The coverage is focused on places relevant to art, architecture and 

relevant disciplines (https://getty.edu/research/tools/vocabularies/index.html).  

YAGO: The YAGO ontology was built using facts from Wikipedia that were 

unified with WordNet by performing automatic extraction and using rule-based 

and heuristic methods. YAGO uses individuals present in Wikipedia and the 

taxonomy of WordNet. Initially, YAGO contained 1 million entities and 5 million 

facts. In addition to the Is-A hierarchy other non-taxonomic relations also have 

been used (Suchanek et al., 2007). The YAGO knowledge base was extended to 

YAGO2 containing about 9.8 million entities and 447 million facts, with the 

addition of spatial and temporal dimension and the use of GeoNames (Hoffart et 
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al., 2013). YAGO3 extended YAGO by 1m new entities and 7m new facts by 

combining multilingual information from Wikipedia (Mahdisoltani et al., 2015). 

Service Interface for Real time Information: SIRI is a CEN (Comité Européen de 

Normalisation) standard format based on Transmodel. ‗Public Transport Reference 

Data Model‘ (EN 12896) or ‗Transmodel‘ aims to help in establishing 

interoperability between the transport information processing systems 

(http://www.transmodel-cen.eu/). SIRI supports two types of information 

exchange. The first type consists of client‘s request message and producer‘s 

response message and the second type involves the scenario where the client 

subscribes to information by sending request and sensitivity criteria which is used 

to select messages for sending to the user until the subscription lasts 

(http://www.transmodel-cen.eu/standards/siri/). The SIRI XML Schemas contain 

specifications on the content of the XML documents that are the constituents of the 

messages. SIRI supports different services like vehicle monitoring, facility 

monitoring, timetable service etc. SIRI complements NETEx. NeTEx is also based 

on ‗Transmodel‘ which facilitates the exchange of transport schedules and related 

data (http://netex-cen.eu/). SIRI is focused on supporting exchange of real time 

information while NetEx supports exchange of scheduled information (CEN 

TC278 WG3, 2006). 

3.3 Data sources 

It has been widely recognized that transparent and innovative approaches to data 

help in building trust and providing services in a cost effective manner. There are 

various sources that provide open data for example; https://www.data.gouv.fr/fr/ is 

a platform for French public data, https://www.tra.gov.au/ provides data on tourism 

in Australia. Some providers of data services like https://data.gov.uk/ were found 

to be taking special measures for accessibility. There are many studies that discuss 

aggregation of data from different sources for use in interdisciplinary domains like 

tourism. The SDI4Apps project aims to provide a cloud based infrastructure for 

data integration into applications and provide support for linking of spatial and 

non-spatial data according to the Linked Open Data principles, dealing with 

multilingualism of spatial data etc. (https://sdi4apps.eu/project-

information/objectives/).  Zanker et al. (2012) have integrated resources from geo-

tagged resources for providing semantic recommendation services. Cimmino et al. 

(2018) have integrated data from different datasets like DBpedia, Wikidata and 

from datasets outside the Web of Data community for the purpose of disseminating 

information about festivals and events from not so popular regions in Spain. 

Patroumpas et al. (2019) have discussed about an ontology that helps in processing 

POI data from diverse sources and have also discussed about the open-source 
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software TripleGeo that helps in transforming POI data from heterogeneous 

sources and formats to RDF. Dorobăț and Posea (2021) have consolidated 

Romanian data sets while following the eCHO framework for cultural heritage and 

have developed a web application for viewing and creating tourist routes. A 

conceptual framework for integrating data from open government datasets of 

Thailand using geo-location data has been proposed by Budsapawanich (2018). 

Some of the popular and widely used data sources for building tourism 

applications have been discussed in this section. 

India Tourism Statistics: It is published regularly by the Tourism Ministry of the 

Government of India. Based on a methodology developed by the Market Research 

Division, it provides statistical data on foreign tourist arrivals, foreign exchange 

earnings through tourism etc. using information aggregated from the World 

Tourism Organization, different divisions of the Tourism Ministry and different 

departments of the Government of India like the Bureau of Immigration, 

Archaeological Survey of India etc (Ministry of Tourism, 2020). 

OpenStreetMap: The OpenStreetMap provides open data about roads, terminals, 

stations, buidling etc. which are demarcated using tags. A taxonomy of classes and 

objects representing real-world features is maintained to arrange the tags. The data 

is contributed and maintained by mappers, GIS professionals etc. and is entered as 

key-value pairs for the attributes of the features for the nodes and ways (Haklay & 

Weber, 2008). The data is verified using GPS devices, aerial imagery etc. for 

accuracy and keeping it updated. The data can be used by any application by 

giving due credit to the OpenStreetMap contributors (openstreetmap.org/about). 

Codescu et al. (2011) have created OSMOnto, an ontology of the OpenStreetMap 

tags. 

INSPIRE Geoportal: Data provided by the European Union member states and 

members of the European Free Trade Association is centrally accessible through 

the INSPIRE Geoportal. The INSPIRE data sets can be searched and discovered 

using metadata and downloaded. The metadata is harvested from the European 

Union member states and members of the European Free Trade Association 

(https://inspire-geoportal.ec.europa.eu/). 

LinkedGeoData: The information available in OpenStreetMap has been presented 

by LinkedGeoData as an RDF knowledge base of spatial data developed according 

to the Linked Data principles and linked with knowledge bases like DBpedia and 

GeoNames (Stadler et al., 2012). More than 3 billion nodes and 300 million ways 

have been reprsented resulting into approximately 20 billion triples 

(http://linkedgeodata.org/). The data is made available under the license used by 
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OpenStreetMap. The mapping information is stored in a relational database along 

with the OpenStreetMap and Ontology-based Data Access has been used to 

generate the RDF (http://linkedgeodata.org/docs/rdf-mapping.html). 

GeoNames: It is a database of geo-spatial entities with huge coverage that includes 

geographical names, unique features, populated places and alternate names that can 

be freely downloaded under a creative commons attribution license 

(https://www.geonames.org/about.html). It integrates data from various sources 

like US Geological Survey (https://www.usgs.gov/), Pleiades 

(https://pleiades.stoa.org/), Census of India (https://www.censusindia.gov.in/), 

Natural Earth Data (https://www.naturalearthdata.com/), etc. The WGS84 (World 

Geodetic System 1984) system is followed for the lat/long coordinates. The 

features have been classified into feature classes which have been further classified 

into feature codes. GeoNames has been criticised for inconsistencies (Ahlers, D. 

2013). Also, temporal information is not provided by GeoNames. 

TourPedia: It provides information about attractions, points of interest etc. of 

Europe and currently covers places from London, Barcelona, Amsterdam, Dubai, 

Rome, Paris, Tuscany and Berlin (http://tour-pedia.org/about/). The RDF 

knowledge base of TourPedia has been built by extracting data from Booking.com, 

Facebook, Foursquare and Google Places, and is available as Places and Reviews 

datasets that can be accessed through a SPARQL endpoint or by using WebAPI. 

Gazzè et al. (2015) have provided an extensive discussion on TourPedia and have 

touched upon discovery of new relations among places using Named Entity 

Recognition tools. 

data.culturaitalia.it: The platform makes the resources managed by the Italian 

culture portal ‗CulturaItalia‘ mapped using the CIDOC-CRM ontology available as 

Linked Open Data that can be accessed through OAI-PMH, SPARQL, Fulltext 

(http://dati.culturaitalia.it/?language=it). CulturaItalia serves as an aggregator of 

Italian content for Europeana and plays a huge role in its development (Di Giorgio, 

2014). 

Pleiades: Pleiades provides a community-built map based gazetteer and graph of 

historical geographic information. The data is available in semantic web compliant 

formats like RDF, Turtle etc. The coverage includes authoritative information 

about ancient places from early medieval geography, the Greek and Roman world 

etc. The information can be reused under open license by applications focusing on 

humanities research. It does not provide terminological support 

(https://pleiades.stoa.org/). 



56 
 

Natural Earth Data: It provides map data sets containing integrated raster and 

vector data. The presented data contains embedded feature names ranked according 

to importance. The database is supported by the North American Cartographic 

Information Society (https://www.naturalearthdata.com/). 

data.europa.eu: It is the official portal for European data on transport, regions and 

cities, environment etc. A SPARQL endpoint (https://data.europa.eu/sparql) also 

has been provided. 

NASA‘s Socioeconomic Data and Applications Center: It is operated by Center for 

International Earth Science Information Network of Columbia University 

(sedac.ciesin.columbia.edu). It provides socioeconomic data and information on 

sustainability indicators, population distribution (on lat/long grid), infrastructure 

(roads, reservoirs, dams etc.), poverty, pollution etc. in different formats like 

vector, raster, tabular etc. (https://earthdata.nasa.gov/eosdis/daacs/sedac). 

NASA Earth Observations: Image data captured by NASA‘s satellites available in 

formats like GeoTIFF, JPEG, PNG etc. have been made available for public use 

with the aim of enabling the visualizations of climate and environmental changes. 

The data has been categorized into atmosphere, energy, land, life and ocean and 

can be downloaded in CSV format and as floating point GEOTiff files. But the 

data provided is an approximation of original source data and is useful for basic 

analysis. Applications can use the datasets without the need of further permission 

by using the credit statements attached to the datasets or by giving credit to NASA 

Earth Observations (https://neo.sci.gsfc.nasa.gov/about/). 

While consulting different data and information sources for this work, various 

barriers regarding their use in research were revealed that have been also 

mentioned in existing literature on the domain under consideration. The 

impediments were primarily encountered during data integration and during 

identification of concepts and representative terms with universal acceptance. For 

example, in India pin code is used whereas in foreign countries zip code is used. 

Around the world different currencies, different units of time are used. The 

classification of data may further vary depending on the categories used by the data 

providers. Most of the tourism websites do not present data in a semantic web 

compliant format. Lohvynenko and Nedbal (2019) have also noted similar findings 

where it has been displayed that just over half of the websites included in the 

corpus for the study use semantic web markup and only few websites use proper 

touristic annotation. Resources in the linked open data cloud present a different 

kind of inconsistencies in the data collection processes that are created due to 
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unrestrained evolution of knowledge bases in the linked open data cloud (Rashid et 

al. 2018). 

Many information systems use schema developed for their own purpose and 

thereby ignore fundamental ontological principles (Das, 2018). While plenty of 

data providers are using the geographic coordinate system, projected coordinate 

systems were also found to be in use.  Also different data formats are in use. For 

example, in India Tourism Statistics, data has been provided in tabular format 

which has to be processed before using. Trip Advisor ratings are represented using 

bubbles while the reviews are present in free-text. While accessing data about 

different countries, challenges due to multilingualism were encountered. For 

example, while gathering information and identifying concepts related to 

accessible tourism, the UNWTO‘s manuals on accessibility were opted for. But, it 

was found that Module II, III, IV of the manual (Organización Mundial del 

Turismo, 2015a, 2015b, 2015c) were available only in Español.  
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Chapter 4: Domain Study 

 

For the purpose of constructing domain models (like those discussed in Chapter 5), 

a thorough study of the concepts belonging to the domain is required so that 

information required for structuring the domain model is at hand. Concepts and 

their interrelationships in totality represent a domain. The contextual definition and 

usage of the terms representing the concepts can be obtained from authoritative 

resources relevant to the domain. Domain knowledge is stored along different 

levels viz. lexical level (representation in natural language), lexico-semantic level 

(relations), conceptual and representational level (abstract representation), 

ontology level and raw data level (Das, 2018). In this chapter, a discussion on 

some of the basic concepts belonging to tourism and allied domains has been 

presented. The discussion has been supplemented by definitions that have been 

taken from different sources (discussed in detail in Chapter 3), that are relevant to 

the tourism domain. 

4.1 Accessible Tourism Domain 

Accessible tourism refers to the tailoring of tourism services and environment for 

enabling access and enjoyment by all tourists (World Tourism Organization, 

2016a). One of the earliest definitions of ‗Accessible Tourism‘ that covers 

different dimensions of access has been provided by Darcy (2006) who has 

described it as ―A process of enabling people with disabilities and seniors to 

function independently and with equity and dignity through the delivery of 

Universal Tourism products, services and environments‖. The Economic and 

Social Commission for Asia and the Pacific (2009) in the Takamaya Declaration 

has provided a more comprehensive and inclusive definition that states that 

―Accessible Tourism is tourism and travel that is accessible to all people, with 

disabilities or not, including those with mobility, hearing, sight, cognitive, or 

intellectual and psychosocial disabilities, older persons and those with temporary 

disabilities.‖ Disabled people or those with special needs for example, seniors and 

children constitute a big proportion of travelers and so accessible measures are 

very important. This has been advocated by the Article 7 of the UNWTO Global 

Code of Ethics for Tourism that states that the right to enjoy tourism should be 

available to all persons (World Tourism Organization, 2016a). Regarding 

accessible tourist destinations, the UNWTO gives importance to those destinations 

where the destination managers make special efforts so that the destinations can be 

enjoyed regardless of tourists‘ abilities. Spain, Portugal, Japan have been making 

exemplary progress in making destinations accessible. From India, Thrissur has got 
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recognition among the accessible tourism destination by UNWTO and the ONCE 

Foundation (World Tourism Organization, 2020). Meanings and definitions of 

some of the concepts belonging to tourism in general and accessible tourism in 

particular have been provided below. 

Forms of tourism: Tourism is usually classified into three forms, namely, outbound 

tourism, inbound tourism and domestic tourism that are further combined into 

different forms, for example, international tourism, national tourism and internal 

tourism (https://www.unwto.org/glossary-tourism-terms). 

Destination: The main destination of a tourism trip has been defined by the 

UNWTO (2010), ―as the place visited that is central to the decision to take the trip. 

However, if no such place can be identified by the visitor, the main destination is 

defined as the place where he/she spent most of his/her time during the trip. Again, 

if no such place can be identified by the visitor, then the main destination is 

defined as the place that is the farthest from the place of usual residence.‖ (p.13) 

Visitor: A visitor can be classified as a type of traveller. A visitor has been defined 

by the UNWTO (2010) as ―a traveller taking a trip to a main destination outside 

his/her usual environment, for less than a year, for any main purpose (business, 

leisure or other personal purpose) other than to be employed by a resident entity in 

the country or place visited.‖ (p.10)   

Tourist: If a trip by a visitor includes an overnight stay, then the visitor can be 

classified as a tourist and otherwise the visitor is to be classified as an excursionist 

(UNWTO, 2010, p.10). 

Traveller: One moving between geographical locations for any duration and for 

any purpose may be classified as a traveller (UNWTO, 2010, p.9). Thus, tourism 

can be said to be a subset of travel (UNWTO, 2010, p.10). 

Activity/activities: The term ‗activities‘ has been used to ―represent the actions and 

behaviors of people in preparation for and during a trip in their capacity as 

consumers‖ (UNWTO, 2010, p.1). Travel is an activity that is undertaken by 

travelers. 

Disabled person: A disabled person is ―Any person whose full and effective 

participation in society on an equal basis with others in travel, accommodation and 

other tourism services is hindered by the barriers in the environment they are in 

and by attitudinal barriers‖ (World Tourism Organization, 2013). 

Universal Design: For achieving accessibility, the World Tourism Organization 

(2016b) has advocated the usage of ―Universal Design‖, a term coined by Ronald 
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L. Mace, that has been defined by the United Nations Organization (2006) as ―The 

design of products, environments, programmes and services to be usable by all 

people, to the greatest extent possible, without the need for adaptation or 

specialized design. ―Universal Design‖ shall not exclude assistive devices for 

particular groups of persons with disabilities where this is needed.‖ 

Interpreter: An interpreter is ―a person who interprets, especially one who 

translates speech orally or into sign language‖ (Oxford University Press, 2010, 

p.915). The task of interpretation in tourism is to reveal the significances and 

meanings associated with destinations to impart learning and encourage sustainable 

behavior (https://www.gdrc.org/uem/eco-tour/t-glossary.html). 

4.2 Geospatial Domain 

The subject ‗Geography‘ is the core of the geospatial domain. Terrestrial and/or 

aquatic region separated by administrative purpose (e.g. Country, State) or 

classified based on the earth‘s vegetation pattern (e.g. Alpine region, savanna 

region, tundra region) or region filled with water (e.g. sea region) can be classified 

as a geographical region. Discussions on global issues like population surge, 

greenhouse gas emission, climate change, urban planning, disaster management 

etc. include geographical parameters. Spatial data has a lot of economic 

importance. It helps in modeling and visualization of real world systems and their 

interactions. Increased dependence on map based services speaks about the 

importance of the geospatial domain.  In addition to tourism, the geospatial domain 

has applications in many other domains like traffic management, goods delivery 

management, urban planning and development, waste management, real estate 

management etc. The conceptualization of geospatial entity depends on the 

context, scenario, purpose and intended use in an application. Meanings and 

definitions of some of the concepts belonging to the geospatial domain have been 

discussed in this section in the context of tourism.  

Spatial object or Geographical feature (ISO 19100): A spatial object has been 

defined as ―an abstract representation of a real-world phenomenon related to a 

specific location or geographical area‖ (Directive 2007/2/EC, 2007). 

Coordinate reference systems: They have been defined as ―Systems for uniquely 

referencing spatial information in space as a set of coordinates (x, y, z) and/or 

latitude and longitude and height, based on a geodetic horizontal and vertical 

datum‖ (Directive 2007/2/EC, 2007). 

Administrative unit: Administrative or territorial division refers to set of districts 

defined for administrative purposes. It can be defined as ―Units of administration, 
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dividing areas where Member States have and/or exercise jurisdictional rights, for 

local, regional and national governance, separated by administrative boundaries‖ 

(Directive 2007/2/EC, 2007). For example, Country (e.g. India), District (e.g. 

Hooghly), City (e.g. Serampore) are administrative units. Administrative data 

supports the implementation of administrative regulations 

(https://www.unwto.org/glossary-tourism-terms). 

Protected site: It is described as an ―Area designated or managed within a 

framework of international, Community and the Member States‘ legislation to 

achieve specific conservation objectives‖ (Directive 2007/2/EC, 2007). 

International Union for Conservation of Nature (IUCN) is an international body 

that has devised categories for classifying protected sites from all over the world 

(https://www.iucn.org/).  

Bio-geographical region: Bio-geographical regions are ―areas of relatively 

homogeneous ecological conditions with common characteristics‖ (Directive 

2007/2/EC, 2007).  

Habitats and Biotopes: Habitats and biotopes have been defined as ―Geographical 

areas characterized by specific ecological conditions, processes, and (life support) 

functions that physically support the organisms that live there. Includes terrestrial, 

freshwater and marine areas distinguished by geographical, biotic and abiotic 

features, whether entirely natural or semi-natural‖ (Directive 2007/2/EC, 2007). 

Examples include savannah (terrestrial habitat), reefs (marine habitat) etc. 

Natural Risk Zone: Natural Risk Zones are ―Vulnerable areas characterized 

according to natural hazards (all atmospheric, hydrologic, volcanic and wildfire 

phenomena that, because of their location, severity, and frequency, have the 

potential to seriously affect society) e.g. floods, landslides and subsidence, 

avalanches, forest fires, earthquakes, volcanic eruptions‖ (Directive 2007/2/EC, 

2007). For example, India‘s north-east includes several earthquake prone-areas 

(https://www.mapsofindia.com/maps/india/natural-hazard.htm). 

4.3 Transportation 

Transportation is the movement of beings and things from one location to other 

using vehicles such as bus, tram etc. that aid the process of transportation.  

Transportation network includes spatial network that supports the movement of 

vehicles or commodity. Transportation operations like passenger exchange, service 

booking etc., transportation infrastructure like roadways, railways, waterways, 

terminals, stations etc. are important constituents of transportation network. Public 

transportation data that includes frequency and availability of services, timetable, 
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travel pattern etc. is very important in this domain. Domain modeling approaches 

aim to help people choose from various types of transportation services according 

to their purpose and also aim to link transportation services with information on 

allied services. Various transport recommender applications exist in this domain. 

Some applications recommend travel options from a mix of transport while some 

provide recommendations based on a specific mode of transport. Public and private 

transport that can be used for the purpose of tourism fall within the scope of this 

work barring other modes of transport which are solely used for transporting 

goods. Some concepts related to transportation that are relevant to tourism have 

been discussed in this section. 

Point: The most basic entity of a transport network is a point that denotes the 

location of stop points (http://www.transmodel-cen.eu/tutorials/common-

concepts/). 

Link: Links connect points (start point and end point set limits to a link) and 

contain spatial information (http://www.transmodel-cen.eu/tutorials/common-

concepts/). A set of points and links form a sequence of links that help in the 

modeling of a transport network.  

Airport/Heliport: According to the INSPIRE glossary an airport is ―A defined area 

on land or water (including any buildings, installations and equipment) intended to 

be used either wholly or in part for the arrival, departure and surface movement of 

aircraft/helicopters‖ (https://inspire.ec.europa.eu/glossary/Airport_Heliport). 

Bridge: A bridge has been defined in the INSPIRE glossary as ―A man-made 

structure spanning and providing passage over a body of water, depression, or 

other obstacles‖ (https://inspire.ec.europa.eu/glossary/Bridge). 

4.4 Place-making 

‗Place‘ is mostly referred based on a sense of place and social attributes of place 

identity rather than on geometry. Place-making refers to the creation of livable and 

enjoyable places (Wyckoff, 2014). The concept originates from sources that 

describe parks, squares, water-fronts as contributors to quality of urban life 

(Sofield et al., 2017). The spelling ‗place-making‘ (from among other variants like 

placemaking/ place making) has been mostly used to refer to this concept (Lew, 

2017). Researchers from geography, planning, social anthropology etc. are 

contributors to discussions on place-making (Friedmann, 2010). Links between 

people and places can be solidified through place-making 

(https://www.pps.org/article/what-is-placemaking) thereby, helping in re-

imagination of public spaces. Place-making can be seen as socio-spatial 
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relationships forming a network with a common frame of place (Pierce et al., 

2011). Through people centered place-making, old places can be extensively 

reimagined (Friedmann, 2010). Tourism can drive urban development while 

contributing to place-making but there is a considerable gap in research in this area 

(Dupre, 2019). 

In addition to the domains discussed above in this chapter, the tourism domain 

intersects with the domain of food. Tourists are usually interested in different types 

of cuisines that are often referred as a particular way of cooking food and are 

associated with different geographical regions of the world. Tourism also intersects 

with the accommodation sector. For providing accessible accommodation, special 

features such as designated parking spots, electrical sockets for charging electric 

wheelchairs, appropriate signage, wheelchair accessible cloakrooms etc. are 

required to be incorporated (Scandic, 2012). 
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Chapter 5: Domain Models 

 

Among all types of Knowledge Organization Systems, ontologies by virtue of 

semantic richness are the most evolved (Biagetti, 2020). Ontology based models 

are highly suitable for systems where multiple agents are involved and are required 

to cooperate (Biagetti, 2020). This is because ontology based models are highly 

efficient in supporting machine-to-machine communication and data exchange 

(Zeng, 2019). Chakraborty et al. (2010) have demonstrated that ontology based 

knowledge management systems perform better than data based knowledge 

management systems. If the size of data is huge and there are huge numbers of 

joined variables, the complexity of queries increases in case of relation databases 

and decreases in case of ontologies (Choksuchat and Chantrapornchai 2010). So 

after consideration of these factors, ontology has been chosen as the preferred tool 

for constructing the domain models for this study. The decision also stems from 

the findings of Chapter 2 that show that ontology has been the most preferred 

technology for construction of domain models in tourism. 

McCarthy (1980) was probably one of the first to use the term ‗ontology‘ in the 

field of Artificial intelligence. The potential relevance of ontology in the field of 

knowledge engineering has been observed by Guarino (1995). Principles of 

ontology construction have been discussed by (Gruber 1995) and also during this 

time the uses of ontology for purposes like knowledge representation (Guarino 

1995), knowledge management (Kietz et al. 2000) was observed. Since then 

research on ontology has continued. Berners-Lee, et al. (2001) had introduced the 

Semantic web in 2001 and as has been observed by Zhu et al. (2015) articles on 

ontology research have registered a huge count since then. 

In Neches et al. (1991) it has been stated that ―An ontology defines the basic terms 

and relations comprising the vocabulary of a topic area as well as the rules for 

combining terms and relations to define extensions to the vocabulary.‖ Gruber 

(1993) had observed that ―An ontology is an explicit specification of a 

conceptualization.‖ Uschold and Gruninger (1996) have observed that ―An 

ontology necessarily entails or embodies some sort of world view with respect to a 

given domain. The world view is often conceived as a set of concepts (e.g. entities, 

attributes, processes), their definitions and their inter-relationships; this is is 

referred to as a conceptualisation.‖ Guarino (1998) has defined ontology as ―a 

logical theory accounting for the intended meaning of a formal vocabulary, i.e. its 

ontological commitment to a particular conceptualization of the world.‖ Studer et 
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al. (1998) has added to Gruber‘s (1993) definition stating that ―An ontology is a 

formal, explicit specification of a shared conceptualisation.‖ 

According to Noy and McGuinness (2001), there is no single correct ontology 

development methodology. There exist different methodologies for construction of 

ontologies. The methodology of the TOVE (TOronto Virtual Enterprise) project 

ontology discussed in Gruninger and Fox (1995) involves describing scenarios, 

competency question formulation, specification of axioms, stating conditions such 

that solutions to the questions can be provided. Guidelines for developing and 

managing ontologies have been provided by the IDEF5 project (Benjamin et al., 

1994). The SENSUS-based methodology involves collection of terms (referred as 

seed) and linking them to SENSUS, inclusion of concepts found in the path from 

seed to root, checking of nodes with large number of paths for adding entire sub-

tree (Knight et al., 1995).  The METHONTOLOGY methodology involves 

specification, acquisition of knowledge, conceptualization, integration, 

implementation, evaluation, documentation (Fernandez-Lopez et al., 1997).The 

steps in Uschold and Gruninger‘s (1996) methodology for ontology construction 

involves the identification of purpose and scope, defining the key concepts and 

relationships,  coding of the ontology using a representation language, integration 

of existing ontologies, evaluation, preparation of documentation and guidelines for 

each phase. Grüninger & Fox‘s (1995) methodology demonstrates the use of 

competency questions for the design and evaluation of ontologies. Noy and 

McGuinness‘s (2001) step by step methodology for ontology construction 

emphasizes on ontology reuse and delineates important steps starting from 

determination of the scope of an ontology to creation of classes, properties and 

instances in the ontology. Chaware and Rao‘s (2010) methodology involves 

defining scenarios, questions and answer module formulation, term extraction, 

ontology construction using top-down approach. For the purpose of this study, 

primarily facet based domain modeling methodologies (see section 5.1 below) 

were followed, while also taking inspiration from the above mentioned 

methodologies.  

5.1 Facet based domain modeling 

A set of isolates ideas that have been identified using a single train of 

characteristics is called a facet (Ranganathan, 1957). A facet has been defined in 

various ways based on how it has been interpreted (Hudon, 2020).The 

identification of homogeneous, mutually exclusive facets from a given field of 

knowledge by using a single division characteristic is called Facet analysis 

(Vickery, 1960). According to the ALA Glossary of Library and Information 

Science, it is the analysis done for determining a subject‘s fundamental 
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characteristic (Levine-Clark & Carter, 2013). Hjørland (2013) has termed it as a 

logical approach to organize knowledge. Ranganathan‘s approach to faceted 

classification has been found suitable for organization and retrieval of online 

content (Hudon 2020, p.329). Ranagnathan‘s (1987) analytico-synthetic approach 

consists of the analysis step that consists of fragmenting compound and complex 

ideas into fundamental ideas. The characteristics of these fundamental ideas are 

analyzed and then they are grouped or clustered according to similarity. The 

second step, known as the synthesis phase consists of establishing semantic 

relationships between the concepts belonging to the domain. From Colon 

Classification‘s 4th edition the description of facets provided by Ranganathan 

became generic (Kashyap, 2003; Satija, 2017). DeGrolier (1962) has extensively 

discussed about different facet categories used in classification and coding. The 

efficacy of Ranganathan‘s methods centering facets for dealing with digital content 

has been recognized by contemporary researchers (Hudon, 2020, p. 329). 

Subsequently, different facet categories have been proposed based on modern day 

requirements that are inspired from Ranganathan‘s facet categories. Ranganathan‘s 

facet categories and categories proposed by other researchers which have been 

used for knowledge organization has been presented in Table 2. 

 

Facet categories Proposed by 
Personality, Matter, Energy, Space, Time Ranganathan (1952)  

Substance (product), Organ, Constituent, Structure, 

Shape, Property, Object of action (patient, raw 

material), Action, Operation, Process, Agent, Space, 

Time 

Vickery (1960) 

Field of study, System, Environment, Specials, 

Object of study, Kinds/Parts of object, Properties of 

object, Action on the object, Kind of action, Method 

of action, Agent of action, Instrument of action, 

Space, Space qualifier, Time, Time qualifier 

Ranganathan (1987, pp. 49–51) as 

cited in Satija (2017) 

Domain, Entity, Property, Action and modifier Bhattacharyya (1975) 

Domain, Entity, Relation, Attribute Giunchiglia and Dutta (2011), 

Giunchiglia et al. (2014) 

set of classes, entities, binary relations, attributes Giunchiglia et al. (2012) 

Domain, Concept, Hierarchical relation, Property Madalli et al. (2017) 

thing/entity, kind, part, property, material, process, 

operation, patient, product, by-product, agent, space, 

time 

Classification Research Group as cited 

in (Hudon, 2020, p. 327; Giunchiglia 

and Dutta, 2011) 

 

Table 2: Facet categories 
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Broughton (2006) has commented on the efficacy of faceted classification in 

information retrieval. Faceted classification has been widely used for the purpose 

of constructing ontologies. An ontology for the identification and categorization of 

concepts has been built based on faceted classification by Prieto-Díaz (2003). The 

ontologies discussed in Giunchiglia (2009), Dutta et al. (2011), Giunchiglia et al. 

(2012) have been constructed on the geo-spatial domain with reference to 

Ranganathan‘s approach to faceted classification. An ontology for earthquake 

engineering research projects and experiments has been developed by Hasan et al. 

(2015) using the faceted approach to classification. A domain ontology for the field 

of library and information science has been developed by Ghosh and Panigrahi 

(2015) primarily based on the 7th edition of the Colon Classification 

(Ranganathan, 1987) while also using the Dewey Decimal Classification (23rd 

edition) (Dewey, 2011) and the standard edition of Universal Decimal 

Classification (Universal Decimal Classification, 2005). The YAMO methodology 

discussed in Dutta et al. (2015) also demonstrates the use of Ranganathan‘s vision 

of the faceted approach to classification and has been exemplified by constructing 

an ontology on the food domain. The methodology delineates steps for ontology 

construction that include knowledge acquisition, knowledge formulation, 

knowledge production, knowledge ordering, knowledge modeling, knowledge 

formalization, evaluation etc. among others. With reference to Ranganathan‘s 

approach to faceted classification, Das and Roy (2016) have presented an 

ontological model on the domain of brain tumor and Naskar and Das (2019) have 

developed an ontology on the human nervous system disorders using the standard 

vocabularies of the medical domain. Ghosh et al. (2020) have demonstrated the 

construction of a tourism ontology using a combination of Ranaganathan‘s faceted 

approach to classification and the theory of Selective Dissemination of Information 

for dealing with context. 

For the purpose of classifying the entities belonging to the respective domains, 

most of the ontology construction methodologies (for example, Dutta et al. (2011), 

Ghosh and Panigrahi (2015), Dutta et al. (2015), Ghosh et al. (2020)) based on 

Ranganathan‘s vision of faceted classification have referred to the Canons of 

Characteristics which contains four canons as has been described in Ranganathan 

(1957) as, the Canon of Differentiation stating that ―A characteristic used as the 

basis for the classification of a universe should differentiate some of its entities-

that is, it should give rise at least to two classes or ranked isolates‖, the Canon of 

Relevance stating that ―A characteristic used as the basis for the classification of a 

universe should be relevant to the purpose of the classification‖, the Canon of 

Ascertainability stating that ―A characteristic used as the basis for the classification 

of a universe should be definite and ascertainable‖ and the Canon of Permanence 
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stating that ―A characteristic used as the basis for the classification of a universe 

should continue to be unchanged so long as there is no change in the purpose of 

classification.‖ 

In the next two sections of this chapter, an ontology based model of the accessible 

leisure tourism domain has been discussed in section 5.2 and the domain model 

discussed in section 5. 3 is for organizing reviews. In addition to the varied types 

of ontology development strategies discussed in the thesis, the ontology 

construction methodologies of the domain models discussed in the sections 5.2 and 

5.3 have been primarily influenced by facet based domain modeling discussed in 

this section. Further, in case of both the domain models, the process of ontology 

construction has been guided by Gangemi et al.‘s (2002) discussion on DOLCE 

and the ontologies have been mapped with the DOLCE+DnS Ultralite (DUL) 

ontology (http://www.ontologydesignpatterns.org/ont/dul/DUL.owl). 

5.2 Domain model of accessible leisure tourism 

Starting in 1980 with the Manila declaration, the vision of UNWTO for providing 

accessible tourism has developed with time and specific recommendations related 

to it has been documented in the document ‗Accessible Tourism for All‘ (World 

Tourism Organization and Fundación ACS, 2015). Not only disabled people but 

any kind of tourists going through difficulty in availing tourism services, for 

example children, pregnant women, old people etc. are a potential target to whom 

‗Accessible Tourism‘ initiatives intend to lend support (World Tourism 

Organization, 2016b). The barriers to Accessible Tourism that have been 

summarized by World Tourism Organization (2016b) are inaccessible websites, 

environment, terminals, transportation boarding, buildings and facilities, tourism 

resources and activities, inept staff, lack of signage, information systems etc. 

Several domain models and frameworks for supporting accessible tourism exist. 

Kehagias et al. (2008) have demonstrated an ontology based architecture that 

annotates web services for discovery and retrieval with the aim of aiding mobility 

impaired users. An ontology based system for providing information service to 

people with special needs has been designed by Alonso et al. (2012). Batouche et 

al.‘s (2012) system provides travel plan recommendation based upon an user 

profile ontology and a tourism ontology, where both the ontologies contain 

provisions for elderly people. Scarinci and Myers (2014) have proposed a semantic 

web framework that aggregates different sustainable lodging management 

practices in the USA. In the framework, the relationship between management 

practices and accreditation criteria of the tourism standards have been made 

explicit using a combination of ontologies. Liu et al. (2016) have used linked data 



74 
 

technologies for providing tourism information to disabled people. Brodeala‘s 

(2020) work discusses a system for recommending accessible tourism destinations 

for supporting trip planning by people with disabilities. Taking inspiration from 

these studies, an ontology based domain model for the purpose of supporting 

accessible leisure tourism has been constructed. The methodology of ontology 

construction is primarily inspired from the facet based domain modeling 

methodologies discussed in section 5.1. 

5.2.1 Methodology 

Data collection about accessible tourism usually surrounds study of behavior of 

tourists, impact on economy due to accessibility and status of tourism services and 

infrastructure regarding accessibility (World Tourism Organization, 2016c). 

Disability in people has been mainly identified by the World Health Organization 

(2001) based on capacities (Physical, Sensory and Intellectual) and illnesses 

(Physical and Mental). In the Real Patronato sobre Discapacidad (2011) several 

aspects related to accessibility to cultural heritage, best practices and legislations 

has been identified and enlisted. Backed by the knowledge of the ONCE (Spanish 

National Organization of the Blind) foundation, the UNWTO has put forward its 

vision and references in ‗The Handbook on Accessible Tourism for All: Principles, 

Tools and Good Practices‘ for making destinations accessible in the best possible 

manner at a global level so that diverse kind of people can participate in tourism 

(World Tourism Organization, 2016a). Tourism and non-tourism practices do not 

have clearly discerned boundaries. The definition of tourism is commanded by 

temporal and spatial factors (de Souza, 2016). Also, the tourism domain intersects 

with a lot of other domain of studies like geography, transportation etc. 

Information sources on these domains along with the above mentioned sources 

have been studied for understanding concepts and features that have relevance to 

accessible tourism. The tourism ontologies and studies that have been discussed in 

the Chapter 2 also provided a basic understanding about requirements of tourists. 

In most of the existing ontology construction methodologies guidelines on term 

extraction and use of standards are not clear (Chaware & Rao, 2010). 

To have exhaustive information about the user preference on each concept in the 

case of large ontologies may not be feasible (Martínez-García, et al., 2019). Still, 

the aim of the information collection for construction of the demonstrated ontology 

was to gather information with due consideration to the tourist preferences. The 

UNWTO‘s (2001) Thesaurus on Tourism & Leisure Activities was followed to get 

a grasp over the concepts and extract terms related to the tourism domain. From 

Scandic (2012) information about the accessible features that are necessary at 

accommodations were obtained. The elements for denoting accessible provisions 
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in heritage sites that have been mentioned in Hooi and Yaacob (2019) were also 

useful for learning about potential accessible tourism related requirements. The 

study by Rodríguez-Rodríguez (2013) was also helpful, where a classification 

standard for tourist facilities based on the provided technological services has been 

discussed such that the offered services can be subjected to a quantitative and 

qualitative evaluation system. In addition to these studies, the information sources 

discussed in Chapter 3 also helped in gathering information on the domain under 

study and also guided the process of ontology construction. Any kind of ambiguity 

regarding the use of a concept was resolved during this phase. For example, Figure 

4 depicts the use and classification of the term ‗flora‘. The sense of the term 

appropriate to the constructed ontology was selected.  Definitions and general 

discussions on other concepts that have been represented in the ontology have been 

discussed in the Chapter 4. 

 

Figure 4: Selection of appropriate usage according to sense (Source: 

https://wordnet.princeton.edu/perl/webwn) 
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The extracted information was analyzed and representative terms for the identified 

concepts were identified. Some of the terms are trip, eatery, hotel, lodge, terminal, 

transport, beach, campsite, park etc. The terms obtained for representing the 

concepts were studied for identifying similarities and differences. Terms denoting 

simple ideas were retained and a decision was taken regarding the prospective use 

of a term as a property or class with due consideration to the purpose of the 

ontology. Appropriate terms were chosen from among different synonymous terms 

by consulting the already discussed standard vocabularies (see Chapter 3) on the 

domain for enabling interoperability. Terms denoting concepts with similar 

properties were grouped together and were labelled. In this way, facets were 

synthesized. For identification of facets, a combination of top-down and bottom-up 

approach was followed. 

In most of the facet based domain modeling methodologies discussed in section 

5.1, the top-down or/and bottom-up approach has been followed for robust and 

exhaustive identification of facets. The top-down and the bottom-up approach are 

methods of reading into concepts from abstractness to concreteness and vice-versa 

respectively. Use of the top-down approach for discovering and structuring the 

domain concepts, accompanying relations, properties, axioms and thereby building 

a resource model can be also seen in other types of methodologies like Zhang et 

al.(2010) where the demonstrated ontology has been coded using Jena and has 

been tested on the domain of Yunnan tourism. Chuenta (2014) have used the top-

down, bottom-up and a combination approach for identifying concepts for 

constructing an ontology for using it in a tourism website of Northeast Thailand. 

Palau et al. (2011) have also used both the top-down and bottom-up approach for 

building context-aware tourist information services. A pictorial overview of the 

methodology has been presented in Figure 5. 

 

Figure 5: Pictorial overview of the methodology 
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5.2.2 Ontological Domain model 

The Protégé-5.5.0 ontology editor was used for building the ontology which is a 

freely available open-source ontology editor that has been developed by Stanford 

Center for Biomedical Informatics Research (https://protege.stanford.edu). In a 

Protégé ontology, there are OWL classes and two types of properties namely object 

properties and data properties. Object properties relate classes. So, next 

relationships were established using the features of the concepts.  Also, as has been 

shown in Figure 8, the ontology was mapped with the DOLCE+DnS Ultralite 

(DUL) ontology (http://www.ontologydesignpatterns.org/ont/dul/DUL.owl). The 

demonstrated ontology was tested for consistency and syntactic correctness using 

the HermiT reasoner (http://www.hermit-reasoner.com) in Protégé. The datatype of 

 

 

Figure 6: Partial display of classes and object properties used in the ontology 
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Figure 7: Partial display of data properties used in the ontology 

the data properties denoting the availability of an accessibility feature (for 

example, lavatory with sidewall support, wheelchair accessible shelves, wheelchair 

accessible Braille control panel in lift, handrails in stairs etc.) were set to boolean. 

A similar approach of assigning the datatype to boolean has been discussed in Das 

(2018).  Figure 6 and 7 partially shows the classes, object properties and data 

properties used in the ontology. Next competency questions were used to evaluate 

the ontology by following the methodology of Abacha et al. (2013) and Bezerra et 

al. (2013). Competency questions were collected  from  people  with  or  without  

disabilities.  A  description  of  the purpose of the ontology was provided to the 

people and then they were asked to enlist the questions. The competency questions  
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Figure 8: Mapping with DUL ontology 

have been listed in Appendix C. The questions were subjected to a manual 

extraction of concepts and features which were used to construct SPARQL queries 

for testing the ontology. The competency questions revealed the limitations of the 

ontology and also helped in incorporating concepts that were not represented 

before.  

5.3 Domain model for organizing reviews 

The content of this section has been published in Ghosh and Chatterjee 

(2021). The content of this chapter demonstrates a semantic organization of 

tourist reviews for supporting destination managers in understanding the 

opinions expressed by the tourists. Destination managers can determine the 

points of advantage/disadvantage for their destination by studying reviews (Albarq, 

2014). The factors that tourists like/do not like can be identified from reviews very 

easily (Berezan et al., 2015). Also, tourists‘ requirements and the components 

favored by them can be understood (Simeon, 2017). This, in turn can guide 

modifications of services and products (Fang et al. 2016). Thus, through reviews 

tourists can induce important changes that could be brought forward by destination 

managers (Sahin, 2017). The 2020 World Monuments Watch has stressed the 

usage of knowledge gained from community-dialogue for arriving at decisions 

regarding making changes at destinations (https://www.wmf.org/project/ontario-

place).  

Many have doubted the credibility of reviews regarding their use in research due to 

the perception of quality about them (Bansal & Voyer, 2000). Jindal and Liu 

(2008) have pointed out that reviews may get contributed with vested interests. 
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Some may contribute reviews for misleading people (Hennig-Thurau et al., 2004). 

Thus, trustworthiness of reviewers is a crucial factor in case of consideration of 

reviews for research (Jin et al., 2002). The credibility of TripAdvisor reviews has 

been vetted by Chua and Banerjee (2013). Yoo and Gretzel (2009) have proposed 

the examination of lexical structure, presence of brand names etc. for identifying 

deceptive reviews. Reviews with lower ratings or those that have been contributed 

by frequent reviewers can be considered to be trustworthy (Lee et al., 2011). These 

factors were given proper consideration while selecting reviews for analysis for the 

purpose of constructing the domain model under discussion in this chapter. 

There are many tourism related studies that have carried out content analysis of 

reviews collected from TripAdvisor for their purpose, for example, Crotts et al. 

(2009), Levy et al. (2013), Pearce and Wu (2015), Baka (2016), Zhang and Cole 

(2016), Simeon (2017), Afzaal et al. (2019), Kirilenko et al. (2021), (Chen and 

Wu, 2021). Also, there exist many studies that have discussed about ontologies 

constructed from tourist reviews for example, Volkova et al. (2018), Pai et al. 

(2019). Aciar et al. (2020) have used text mining techniques to classify user 

reviews. SáNchez et al.‘s (2016) study describes the classification of text based 

opinions and identification of focal groups for tourist packages based on the 

classification. Aye and Naing (2020) have proposed ontology based ranked opinion 

mining for supporting travellers. Hwang et al. (2013) have demonstrated the 

process of classifying discussion threads based on a travel goal-oriented model 

with features that can be quantified using lexicons and the named entity reaction 

technique. The process has been exemplified using data from TripAdvisor.com. 

The study notes that the demonstrated methodology of using lexical features and 

Named Entity Recognition has yielded better results than use of only lexican 

features. Furthermore, Chinnapatjeerat et al. (2017) have constructed an ontology 

to support tourism development planning. The methodology involved user study 

and development of information structure for construction of the ontology. 

Taking inspiration from these studies the process of easy classification and labeling 

of reviews using the faceted approach to classification has been discussed. In 

addition to the facet categories discussed in Table 2 , the facet categories 

synthesized in this study draw inspiration from the systems discussed in Chatterjee 

(2017, pp. 129–131) namely, Kaiser‘s (1911) Systematic Indexing (where the 

proposed components are Concretes (things not signifying action or process) and 

Processes), Coates‘s (1960) Subject Catalogues (where the proposed components 

are Thing, Material and Action), Farradane‘s (1950, 1952) proposal of using a 

relationship for linking concepts (abstract or concrete). In addition to these, 

Saracevic and Kantor‘s (1997a; 1997b) taxonomy of library and information 

services also helped the process of facet synthesis. The synthesized facet categories 
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have been used to construct an ontological model for organizing tourist reviews. 

The aim of this model is to help destination managers in retrieving relevant 

destination reviews so that they can take important action(s) based on the 

information mined from the reviews. 

5.3.1 Methodology 

Reviews about Ecopark located in India and Ontario Place located in Canada that 

were present in TripAdvisor (https://www.tripadvisor.com/) till August 2020 were 

collected for the purpose of the study (data on the reviews has been presented in 

Table 3), by web scraping (see Bradley and James (2019)) using the packages rvest 

(by Wickham (2021)) and dplyr (by Wickham et al. (2021)) for R (by R Core 

Team (2020)). Some other studies discussing extraction of information from web 

pages are worthy of mention here. For example, Karoui et al. (2006) have also 

presented a framework for extracting information using structural features of 

HTML documents and location of words for identifying context. Tsou (2010) have 

demonstrated the extraction of geographic information from Chinese tourism web 

pages. Luberg et al. (2012) have demonstrated the process of identifying and 

merging duplicates during web scraping for tourist objects. Archana and Kumar 

(2016) have used web crawlers to get data from web archives and have modeled it 

using ontologies.  

 

 Type of Travel Persons  Language of Review Persons 

Eco 

Park, 

Kolkata 

 

Traveled with family 

Traveled as a couple 

Traveled solo 

Traveled on business 

Traveled with friend(s) 

Unidentified 

413 

124 

45 

32 

218 

98 

 English 

Russian 

German 

French 

Japanese 

 

924 

3 

1 

1 

1 

Ontario 

Place, 

Canada 

 

Traveled with family 

Traveled as a couple 

Traveled solo 

Traveled on business 

Traveled with friend(s) 

Unidentified 

29 

19 

7 

1 

13 

123 

 English 

Portuguese 

French 

Italian 

Japanese 

Polish 

Russian  

180 

4 

2 

2 

2 

1 

1 

 

Table 3: Data on extracted reviews 

The reviews extracted for this study were analyzed with the motive of learning 

about the destinations from different types of visitors and to know about the 
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interactions of the visitors with different features of the destination. At first 

reviews about Eco Park from India were used to synthesize a faceted framework 

for organizing reviews. Then the reviews about Ontario Place from Canada were 

utilized to validate the framework. The Eco Park or ‗Prakriti Tirtha‘ is in 

Newtown, Rajarhat. This urban tourism space showcases large open green spaces, 

small parks, recreational spaces etc. Eco Park presents nature in a way such that 

visitors can learn a lot (https://www.ecoparknewtown.com/aboutus.php). When it 

opened, the Ontario Place in Toronto featured themed areas, waterfront, 

amusement facilities etc. But its popularity declined over time. It is under the 

watch of World Monuments Fund (https://www.wmf.org/project/ontario-place). It 

remained closed for some time and has opened recently for catering to different 

communities (http://ontarioplace.com/en/). 

There may be different strategies with different justifications for choosing the 

destinations for the study. But one of the prime reasons for chosing the Eco Park 

for this study is that it is located in Kolkata where this research is being carried out. 

The Eco Park is a place with diverse kind of features. Many visitors have reviewed 

that the place is vast with growing popularity and cannot be covered in a single 

day. So, it was decided to consider this destination for the study so that the 

synthesized framework has provisions for organizing a variety of features. After 

choosing a familiar destination from within the context another destination of 

similar type was chosen from outside of the context with no familiarity. In contrast 

to the Eco Park, it was found that the Ontario Place is in a declining phase of 

growth and has got the attention of the World Monuments Fund. Many reviews 

about Ontario Place reveal the negative points and the things that the visitors miss 

about the place. So, use of reviews about Ontario Place provides an opportunity for 

testing the framework widely on negative reviews. It is envisaged that this strategy 

behind selecting the destinations for the study will make the framework robust and 

exhaustive. Figure 9 presents a pictorial overview of the methodology.  

 

Figure 9: Pictorial overview of the methodology 
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5.3.2 Synthesis of categories and validation 

The reviews were subjected to a facet analysis as propounded by Ranganathan. 

Three broad categories of facets were obtained namely, Component, Aspect and 

Output. Each category of top-level facet consists of several sub-facets. The 

Component [C] facet consists of Convenience Facility [C1], Recreational Facility 

[C2], Event [C3], Eatery [C4], Attraction [C5], Greenery [C6], Staff [C7] and 

Policy [C8]. The Aspect [A] facet consists of Availability [A1], Accessibility [A2], 

Adequacy [A3], Ambience [A4], Maintenance [A5], Performance [A6] and 

Management [A7]. The Outcome [O] facet consists of Perspective [O1], 

Expectation [O2], Time Utility [O3] and Expenditure Utility [O4]. In Table 4, the 

categories of facet synthesized from analysis of snippets from reviews about 

Ecopark have been presented and Table 5 presents the representation of snippets 

from reviews about Ontario Place using the already synthesized facet categories. 

Main Facet : Component [C] 

Extracted snippets from Reviews containing isolate ideas Synthesized 

sub-facets 

Parking, E-cart, Toilet, Water resort, Cottages, Decorated benches, 

Vintage lights, Lighting, Water ATM, Online booking, Tickets 

[C1] Convenience 

Facility 

Children‘s Park, Golf, Boating, Water rides, Shikaras, Cycling, Dual-

seated cycling, Shooting, Land Zorbing, Water Zorbing, Paddle boating, 

Photography, Wedding photo shoot, Rowing, Rides, Ice-skating, 

Kayaking, Archery, Jogging, Walking, Toy train, Gaming zone, Paved 

ways, Water scooters 

[C2] Recreational 

Facility 

Banquet, Open air theatre, Local arts & crafts fair, Picnic, Exhibition, 

Conference, Meeting, Kite festival 

[C3] Event 

Restaurant, Cafe, Misti Hub [C4] Eatery 

Mask garden, Animal models, Artists‘ cottage, Sculptures, Seven 

Wonders, Eiffel Tower, Light and Music show, Musical fountain, Laser 

show, Cultural huts, Replica of Ghoom station, Bankura terracotta, 

Bangla haat, Glass house, Museum, Bengal village 

[C5] Attraction 

 

Lake, Island, Eco-urban village, Tropical trees garden, Japanese garden, 

Butterfly garden, Grasslands, Rose garden, Meadow garden, Mist, Wild 

flowers, Fruits garden, plants, Bamboo garden, Coconut trees, Bonsai, 

Tea, Cactus, Herbal plants, Heliconia 

[C6] Greenery 

 

Security staff, Boatman, Booking counter staff [C7] Staff 

Outside food is allowed inside, Midway boarding not allowed in battery 

car 

[C8] Policy 
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Main facet : [A] Aspect 

Extracted snippets from Reviews containing isolate ideas Synthesized 

sub-facets  
Online booking not possible, Only cash was accepted, Buy tickets 

multiple times, Local cuisines available  

[A1] Availability 

Visited on the way to airport, Opposite to Westin hotel Kolkata, 

Opposite Mother‘s Wax Museum, Segregated access, Too much 

walking, Poor Navigation instructions, Reached by Biswa Bangla 

Sarani, Very less local transport, Ramps are not present 

[A2] Accessibility 

Huge area, Open space, Not enough options for vegetarians, Big parking [A3] Adequacy 

Lungs of the city, Fresh air, Beautiful evenings ambience, Beautiful 

ambience, Bad behavior of fellow tourists, Mosquitoes, Beautiful view, 

Sunset view 

[A4] Ambience 

Clean and well maintained, Non-clean toilets [A5] Maintenance 

Staff Performance, Helpful staff at restaurant, Rude behavior of 

boatman, Bad behavior of guard, Efficient service at restaurant, Could 

not provide information related to refund 

[A6] Performance 

Proper organization, Crowded on weekends, Long queues for cycling 

and boating 

[A7] Management 

Main facet : [O] Outcome 

Extracted snippets from Reviews containing isolate ideas Synthesized 

sub-facets  
Serendipity, Knowledge reinforcement, Eco-friendly, Couple-friendly, 

Child-friendly, Senior-citizen friendly, Family-friendly, Feeling Fresh, 

Knowledge gained about seven wonders and different plants, Trust, 

Happiness, Attachment, Peaceful, Tranquility, Romantic,  Relax, 

Soothing, Enjoyment, An oasis in the city, Lungs of the city 

[O1] Perspective 

 

Met, Not met, Satisfaction, Disappointment, Portrayal of local cultural 

heritage 

[O2] Expectation 

Well utilized, Wasted, Waiting time, Speed of service [O3] Time utility 

Utilization, Wasted, Costly parking, Reasonable prices, Quality of food [O4] Expenditure 

utility 

Table 4: Synthesis of facets from reviews about EcoPark 

Main Facet : Component (C) 

Extracted snippets from Reviews referring to isolate ideas Matching sub-

facets  

Bike trail, Jogging trail, Benches [C1] Convenience 

Facility 
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Bike Sharing, Soak city splash area, Lego-land, Atom Blaster, 

Amphitheater, Boating, Water slide, Kids playing area, Splash area, 

Cinesphere, Water Park 

[C2] Recreational 

Facility 

Caribana Festival, Aurora Festival, Triathlon, Exhibition, Chinese 

Lantern Festivals, Echo Beach  

[C3] Event 

Food Kiosks, Beer gardens, Food Truck  [C4] Eatery 

Santa and his band, Caricature Artists [C7] Staff 

Discounts, Play all day ride on Birthdays, Free 40th Anniversary, Food 

could be taken inside, School passes provided, Photography not 

allowed on ground, Pets are Allowed 

[C8] Policy 

Main facet : [A] Aspect 

Extracted snippets from Reviews containing isolate ideas Matching sub-

facets 
Rides were not available, Refund against cancellation not given, No 

weather protection 

[A1] Availability 

Parking close to facility, Segregated Access, Poor Navigation 

instructions, Far from station, Lot of walking 

[A2] Accessibility 

Poor infrastructure of Skating, Proper quantity of food not served, Not 

enough attractions, Old attractions, Already tried attractions, Tiny 

bonfire, Nothing for adults  

[A3] Adequacy 

Windy, Beautiful outdoor setting, Walk, Mosquitoes, [A4] Ambience 

Cinesphere seats are not refurbished, Spots on screen, No maintenance, 

Bathroom not clean, Weeding required, Full of Litter, Paintwork 

required, Renovation required 

[A5] Maintenance 

Helpful Staff, Pleasant behavior of staff, Staff training [A6] Performance 

Bad movie selection, Crowded, Long queue for Skating [A7]Management 

Main facet : [O] Output 

Extracted snippets from Reviews containing isolate ideas Matching sub-

facets  
Family place, Good band, Poor quality of food, Interesting architecture, 

For children only 

[O1] Perspective 

No Resemblance of Province  [O2] Expectation 

Great time spent [O3] Time utility 

Costly Parking, Costly Tickets, Costly food, Costly Ice-skating [O4]Expenditure 

utility 

Table 5: Validation of synthesized facets using reviews about Ontario Place 

5.3.3 Ontology creation 

Several studies demonstrate the construction of ontologies from reviews. Mendis et 

al. (2019) have presented an ontology (populated with data and reviews from trip 



86 
 

advisor) based tourist assistant which can answer to queries in textual format. To 

provide a collective analysis of reviews, Bansal and Bathla (2020) have tokenized 

reviews based on a lexical approach and compared the reviews with ontology. 

Chen and Hoon (2020) have proposed an approach that includes ontology based 

feature extraction and classification for detecting opinion type of tourists reviews. 

 

Figure 10: Partial display of the classes in the ontology 

 

Figure 11: Partial display of object and data properties in the ontology 
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The approaches for facet based domain modeling discussed in section 5.1 have 

guided the construction of the demonstrated ontology. The classes, object 

properties and data properties of the ontology (displayed in the Figures 10 and 11) 

were synthesized using the facets belonging to the Component, Aspect and Output 

 

Figure 12: Mapping with DUL ontology 

categories of facets that have been discussed in the previous section. As has been 

shown in Figure 12, the ontology was mapped with the DOLCE+DnS Ultralite 

(DUL) ontology (http://www.ontologydesignpatterns.org/ont/dul/DUL.owl).  

 

Figure13: Aspects discussed in reviews containing perspective of the 

reviewers 
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Before populating the ontology, each review was assigned an importance score 

based on the formula, SI = (NA x IR)/100. Here, NA represents the number of 

aspects covered in the review. IR represents the inverse rating assigned to a review 

that ranges from 1 to 5. A review that has a rating of 5 in TripAdvisor has an IR of 

1 and a review with rating 1 in TripAdvisor has an IR of 5. Figure 15 demonstrates 

a snapshot of a ranked list of reviews retrieved based on SI.(for the query see 

Appendix D, Q6 )The reason behind this type of value assignment stems from the 

fact that if not contributed with vested interests, negative reviews have more 

credibility (Lee et al., 2011). Also, negative  

  

Figure 14: An individual review 

reviews must be dealt at the earliest by tourism development managers. The RDF-

rank algorithm (https://graphdb.ontotext.com/documentation/standard/rdf-

rank.html), which is similar to Google‘s Page Rank, has influenced the idea of the 

importance-score calculation. In addition to this, several studies that have 

attempted to rank reviews like Ghose and Ipeirotis (2007), Hsieh and Wu (2015), 

Arif and Qamar (2018), Saumya et al. (2018), Chua and Banerjee (2015), Kumar 

and Abirami (2018), Alfarraj and AlZubi (2019) have also influenced the 

importance-score calculation. Score calculation for the purpose of providing 

recommendation can be also seen in other studies, for example, Luberg et al. 

(2011) have created a RDF based database enriched with meta-information fields. 

The facts contained in the database carry a confidence score that is used for 

recommendation purpose. Kitwatthanathawon (2014) have devised a system for 

analysis of hotel reviews. The feature extraction process has been used to construct 

a tourism ontology and a weighted-average rating approach has been used to assign 
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score to the hotels. Klotz et al. (2017) have integrated data from multiple sources 

for the purpose of providing tourism recommendation and have also proposed an 

interest score based on user inputs and driving conditions. Emotional scores related 

to tourist spots calculated from tweets and comments, stored in a RDF database 

were used by Sakamoto and Takama (2017) for tourist spot recommendation. 

Since, semantic graph databases help in the exploration, analysis and visualization 

of relationships in the data (Naskar and Das, 2019; Ghosh et al., 2020), the 

ontology was implemented in the graph database GraphDB 

(https://www.ontotext.com/products/graphdb/). Some of the obtained 

visualizations (for the queries see Appendix D) have been presented through the 

Figures 13 and 14. Figure 13 shows the aspects discussed in perspective based 

reviews. Figure 14 shows the aspects reflected by an indivual review. 

 

Figure 15: Output of query using SI for ranked retrieval of reviews 
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Chapter 6: Conclusion & Future Work 

 

It is important for stakeholders of a smart tourist city to be interconnected through 

a technological platform for exchanging information relating to tourism activities 

(Buhalis and Amaranggana, 2015). Digital and intelligent services help in efficient 

management of a city and its services (Hernández et al., 2020). In this concluding 

chapter of the thesis, the effective usage scenario of the tourism domain models in 

a prototype of a centralized tourism information system has been presented to 

which both tourists and destination managers can connect. Also, the limitations of 

the demonstrated domain models and avenues for improvement have been 

discussed. 

6.1 Prototype System 

The two domain models discussed in section 5.2 and 5.3 of this thesis have been 

used in combination to conceive a prototype of a tourism information system. The 

actual development and testing of the tourism information system is outside of the 

scope of this thesis. Figure 16 presents an outline of the proposed system. The 

prototype depicts two separate modules, one for serving tourists and external 

applications and the other is for serving destination managers. Each module has an 

ontology at the core that serves the purpose of the module. In the following section 

the feasibility (according to existence of relevant studies) of the development of 

the components of the prototype system has been presented. 

 

Figure 16: Outline of the proposed prototype system 
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6.1.1 Interface designing 

A natural language interface for providing information to tourists as a response to 

queries expressed in natural language is required. Interface designing for tourism 

web portals using semantic web technologies has been discussed in Jraï and 

Aufaure (2007). The approach demonstrated in the study enables the use of web 

resources based on users‘ preferences. Ruiz-Martínez et al. (2009) have presented a 

method based on natural language processing and semantic web techniques for 

querying ontological knowledge bases. For providing hotel related information in 

the context of tourism, Ahmed et al. (2012) have designed an ontology based e-

portal that can be queried using natural language queries. Oro and Ruffolo (2017) 

have discussed about a natural language interface for querying tourism information 

extracted from web and represented using ontologies. 

6.1.2 Converter-SPARQL 

A converter with the task of extraction of keywords from natural language queries 

and creation of SPARQL queries will be required. Valencia-García et al. (2011) 

have introduced a natural language query editor, named OWLPath that helps in 

creation of SPARQL queries. The interface developed by Boza-Quispe et al.‘s 

(2017) is capable of accepting speech queries, converting them to text for 

extracting keywords which are then compared with pattern templates of SPARQL 

query. The SPARQL query then retrieves information from an ontology of a 

tourism website. Rahim et al. (2019) have presented a regex-based approach for a 

tourism question answering system. The process involves converting the questions 

posed into a natural language triple from which a SPARQL query is generated 

which in turn queries the system and return the answers. 

6.1.3 Implementation in graph database 

The purpose of implementing the review ontology in a graph database is to 

facilitate the visualization of the aspects discussed in the reviews so that selected 

reviews can be easily delineated to necessary organs of a tourist city for taking 

action. The implementation of the review ontology in a graph database has been 

already discussed in section 5.3 of this thesis.   

6.1.4 Mapping between the modules 

The two modules of the information system are to be mapped by establishing a 

mapping between the underlying ontologies. The ontologies have been 

conceptualized using similar kind of methodologies and also have common classes 
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between them. Figure 17 displays the already existing mapping between the 

demonstrated ontologies. 

 

Figure 17: Already existing mapping between the ontologies 

Complications may arise due to change in structure, if full integration of ontologies 

is attempted (Chaware & Rao, 2010). So, further research has to be carried out for 

developing an improved framework so that the ontologies can be used in an 

integrated manner. For reference, combined usage of domain models has been 

demonstrated in various studies. For example, the system for recommending tour 

plans demonstrated by Huang and Bian (2010) is based on a framework that uses 

two separate ontologies, one representing the perspective of the tourists and the 

other representing the perspective of the tourism information providers that have 

been mapped using formal concept analysis. Yan-Guang et al. (2014) have 

demonstrated a knowledge integration approach from local ontologies. Silva and 

Girardi (2014) have described a process of joining ontologies using the similarity 

between the terms to be reused in the sales and tourism domain.  

6.2 Limitations & Future work 

The tourism ontology discussed in section 5.2 has been evaluated using 

competency questions but it is yet to be evaluated in a real usage scenario. Only 

then a real measure of its comprehensiveness, expressivity and usability can be 

obtained. As has been noted by Chaware and Rao (2010), that formulation of 

competency question for each scenario may not be possible. The ontology has been 

populated from different tourism data sources on the web. Future research for 

automatically populating the ontology from Linked Open Data sources has to be 

carried out. For reference, Varga et al. (2014) have used data from proprietary 

sources and also the linked open data for populating a tourism ontology that has a 

natural language interface for the Romanian language on top of it. Dastgheib et al. 
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(2013) have demonstrated the mOntage framework for populating an ontology 

from selected Linked Open Data sources. Large scale point of interest data 

integration system that leverages the linked data paradigm has been discussed in 

(Athanasiou et al., 2019a, 2019b). Ozdikis et al. (2011) have demonstrated 

ontology population from sources like GeoNames, DBpedia, Google Maps etc. 

Other contextual studies that have discussed ontology population includes the 

study by Imsombut and Sirikayon (2016) where the use of natural language 

processing and machine learning techniques for populating a tourism ontology 

from documents in Thai language has been demonstrated. Ruiz-Martínez et al. 

(2009) have also demonstrated a method of populating ontology from web 

documents in natural language in the e-tourism domain. 

It is envisaged that the facet framework discussed in section 5.2 will significantly 

influence research on knowledge organization centering reviews. But, as of now, 

the facet framework has been synthesized and validated using reviews from only 

two destinations. If it is tested on reviews from a wider variety of destinations, then 

a real measure of its exhaustiveness can be obtained. By virtue of being based on 

theories of facet analysis, the framework can be expanded and new categories can 

be accommodated if required. Also, required changes can be easily reflected in the 

accompanying ontology. The addition of new concepts to an ontology has been 

demonstrated for example in Kuntarto et al. (2019a, 2019b) where the DWIPA 

ontology has been subjected to an ontology enrichment methodology. Further 

research for automatic classification and ontology population with reviews 

extracted from review databases has to be carried out. For reference, Ruiz-

Martínez et al. (2011) have demonstrated a methodology on the e-tourism domain 

for automatically extracting content from textual web resources and populating an 

ontology. Lisi and Esposito (2015) have also discussed a tool for extracting 

information from the web and populating a tourism ontology. 

Tourism can contribute to advancement of urban infrastructure and revamp areas 

(https://www.unwto.org/tourism-in-2030-agenda). Keeping this in mind, in 

addition to the future avenues of work discussed in the above sections, further 

research will be focused on extending the domain models for including the 

concepts of sustainable tourism. Future work will also include the development of 

applications on top of the domain models such that they can be widely used and 

contribute to accessible and sustainable tourism research. 
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Appendices 

 

Appendix A: Sample reviews about Ecopark 

Component Aspect Outcome 

(December 2018) "One thing 

the organizers have to 

work is on signages, 

washrooms and better 

eating joints inside the 

park" [C1,C4] 

(December 2016) "It‘s a great 

place to walk around, 

although there are no 

maps anywhere in the 

park and the staff are 

not exactly motivated 

to serve the 

public."[C1, C7] 

(September 2019) "The 

sunset across the lake 

looks beautiful. Variety 

of activities like 

boating, cycling, 

guided tours are there. 

Replicas of 7 wonders 

are worth a watch and 

photoshoot specially 

with lights on. Many 

food stalls are present 

across the place." 

[C2,C4,C5] 

(November 2019) "It is good 

for business meetings 

and social dining. I 

attended a conference 

here which was well 

managed." [C3] 

(May 2013) "This is an 

(February 2017) "The park 

was exceptionally huge 

spread over several 

several acres. and only 

handful of electrical cars 

to ferry you. These cars 

would mostly be full and 

you will have to wait 

quite a while for your 

turn to board them." 

[A1, A3] 

(June 2018) "By mistake we 

got off at Gate 3 and did 

the Toy train ride but 

there was no way to get 

to Gate 4 by the golf 

carts as they start at 

different gates. So we 

paid entrance and 

parking twice." [A2] 

(February 2015) "The Eco 

Tourism park in its 

current form is a great 

place for families to 

enjoy fresh air, stroll on 

grasses for stretches, and 

sit or eat whatever you 

feel like. However, you 

got to be careful about 

snakes during summer-

heat." [A4] 

(January 2018) "The best thing 

is it‘s very clean, lots of 

seating and shade." [A5] 

(February 2016) "Calm, 

relaxing, serene, pristine 

are the words to 

describe. Far from the 

hustle and bustle of city 

its a treat for eyes and 

relaxation for ears…." 

[O1] 

(November 2019) "Re-visiting 

Eco Park after a gap of 

four years, my wife and 

I were amazed to see the 

new developments that 

have taken place. Apart 

from the infrastructure, 

the upkeep and 

cleanliness were far 

beyond our 

expectations." [O2] 

(December 2014) "We wasted 

an entire day for this so 

called attraction. Stood 

in the que for over 2 

hours to get the entry 

tickets to the park." [O3] 

(February 2015) "Only 

conveyance available is 

a green car which cost 

you Rs 50 per head no 

matter how short you 

travel, and it is nearly 

impossible to cover the 

whole area on foot." 

[O4] 
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excellent place in 

making. A awesome 

water body and the 

amazing tree plantation 

and beautifully 

maintaining the grass 

lands making this place 

excellent. [C6] 

(January 2016) "Battery car 

service is from one 

fixed point to another 

and midway boarding 

is not allowed." [C8] 

 

(December 2016) "The boat 

attendant simply didn‘t 

care if we could access 

the boat at all and made 

no move to help us 

board."[A6] 

(January 2018) "The day we 

visited there was a Food 

and music fest going on 

bang opposite the bird 

section...now this place 

has been designed well 

with rushes and 

vegetation to attract 

small birds...then why 

allow and encourage 

cacophony right next to 

it...no wonder we 

spotted no birds." [A7] 

 

Appendix B: Sample reviews about Ontario Place 

Component Aspect Outcome 

(September 2009) "after 3 of 

our party spent 10 minutes 

each trying to buy tickets 

on their website, none of 

us were able to 

successfully purchase 

tickets as it was a 

complete failure on all of 

out phones." [C1] 

(September 2019) "Up until the 

end of the 2011 season, 

the site was also home to 

a water park and 

amusement rides." [C2] 

(September 2009) "...the light 

show had fences up 

around the pieces so you 

couldn‘t really get too 

(August 2009) "You will notice 

that their website is very 

short on information, and 

has no pictures of the rides 

or other attractions. I think 

this is deliberate." [A1] 

(November 2017) "I would 

suggest that Cinesphere 

relay to WAZE and Google 

maps how to get there as 

both took us to the second 

entrance from which we had 

to then backtrack and enter 

the parking lot." [A2] 

(February 2012) "if you want to 

attract kids, a park by the 

lake with nothing but grass 

and exhibits just isn‘t much 

(August 2012) "It was 

amazing for my 

children they 

really enjoyed it." 

[O1] 

(February 2012) "what 

a complete shame 

- use to be a show 

case of all which 

was great in this 

province - now a 

mess of rust and 

fast food." [O2] 

(December 2019) "We 

had a great time 

despite feeling a 

little bit ripped 

off on the parking 
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close, nobody went ice 

skating (which was alllll 

the way in the back)" [C3] 

(December 2012) "Great food 

restaurants with good 

food and drink. Leisurely 

walks and just people 

watching." [C4] 

(November 2018) "Good clean 

well kept environment 

with helpful staff…." [C7] 

(October 2012) "in 2012 the 

provincial government 

shuttered the place, 

claiming that it was losing 

money running it. " [C8] 

of a draw." [A3] 

(September 2019) "Lots of shows 

on at night but enjoyed it for 

scenery and boats." [A4] 

(August 2011) "Some rides were 

not working and one area in 

particular was a good 

breeding ground for 

mosquitoes..." [A5] 

(December 2019) "We also had a 

hard time buying online but 

the ticket booth person 

explained its actually the 

same cost as at the door once 

you include the service 

fees." [A6] 

(July 2006) "IMAx Theater line 

was quite long, but nowhere 

in the line (or view of the 

line) did you know when the 

next showing was and/or 

how long until the show." 

[A7] 

 

cost." [O3, O4] 

 

 

Appendix C: Sample competency questions 

Competency question Extracted concepts 
What is the currency of the place? <currency, location> 

Which festivals will be held in Paris during the visit? <events, location, time> 

Does the tourist spot have parking spot for disabled 

people? 

<location, parking, designation> 

Are there interpreters present at the destination? <interpreter, availability,  

destination> 

Which activities are for disabled people? <activity, disability> 

Is the hotel room wheelchair accessible? <room, wheelchair- accessibility> 

Is Braille panel available in the lifts? <Braille panel, availability, lift> 

Are electrical sockets for recharging wheelchairs present <hotel, electrical socket, wheelchair 
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at the hotel? recharge > 

Are there wheelchair accessible cloth hangers in the 

bathroom? 

<cloth hanger, wheelchair- 

accessibility > 

Are the hotel rooms equipped with height adjustable beds? <hotel, bed, height adjustable> 

Does the hotel have lavatories with sidewall support? <hotel, lavatory, sidewall support> 

Does the room have wardrobes with sliding doors? <room, wardrobe, sliding door> 

What are the prices of the rooms available in the hotel? <cost, room, availability, hotel> 

Are the door knobs of the room wheelchair accessible? <door knob, room, wheelchair-

accessibility> 

Are emergency alarms present in the hotel rooms? <alarm, availability, room> 

What is the cost of local food? <cost, cuisine, location> 

What are the prices of the plane tickets to and from the 

place? 

<cost, air transport, location, 

destination> 

Which travel agents arrange tours to this place? <travel agent, tour, location> 

What is the local language of the place? <local, language, location> 

What is the checkout time of the hotel? <hotel, checkout time> 

What are must buy items from the place? <crafts, location> 

What are the prices of the train tickets to the place? <price, train ticket, destination> 

What is the currency of the place? <currency, location> 

What are the special dishes native to the place? <cuisine, location> 

What is the train fare between Kolkata and Guwahati? <train, fare, place, destination> 

Are the cruise cabins wheel-chair accessible? <cruise, cabin, wheelchair-

accessibility> 

Is oxygen support available in the vehicle? <oxygen-support, availability, 

vehicle> 

How will be the weather of the place during the time of 

visit? 

<weather, location, time of visit>    

Which are the best nearby destinations to the place? <location, ratings, nearby, tourist 

spot> 

What are the amenities provided by the hotels? <amenities, hotels> 

Which are the famous restaurants of the place? <restaurant, place, ratings, reviews> 

Are ramps available inside the building? <ramp, inside, building> 

What is the allowed time of visit to the place? <place, time of visit> 

Does the stairs of the building have handrails? <building, stairs, handrails> 

Are automatic lifts available in the building? <lift, automatic, availability, 

building> 

What is the ticket availability of the available modes of 

transport that can be availed for visiting the place? 

<ticket, availability, transport, 

destination> 

What is the socio-political scenario of the place? <socio-political, location> 

Are there toilets on the highways connecting two places? <toilet, highway, place, 

destination> 

How is the mobile network connectivity at the place? <mobile network, connectivity, 

place> 

Is passport/visa required to visit the place? <documents required, location> 

Are there any concessions on tickets for disabled persons? < disability, discount, ticket, > 
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What are the nearby cultural heritages places to the place? <cultural heritage, location> 

What is the economic condition of the place? <economy, condition, location> 

What is the time required to reach a nearby spot from the 

place? 

<time, place, destination> 

Which time is best to visit the place? <visit, time, place> 

How much money is required for this tour?   <cost, tour> 

Which mode of transport will be cheaper? <transport, cost> 

What kind of clothes should be taken? <clothes, location> 

Does the park have designated seating area for disabled 

people? 

<park, seating area, designation> 

Are wheelchairs available for rent at the destination? <wheelchair, availability, rent> 

Are tactile strips present on the walkways? <tactile strip, availability, 

walkway> 

What are the medicines/drugs that may be required at the 

place? 

<medicines, location> 

 

 

Appendix D: Examples of SPARQL queries 

Example of queries executed on the ontology demonstrated in section 5.2 

Prefixes PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX alto: <http://www.altourismontology.owl#> 

 

Q1 Which tourist accommodations present at Kolkata allow pets? 

 

select ?accommodation 

where { 

?accommodation rdf:type ?type. 

?type rdfs:subClassOf* alto:TouristAccommodation. 

?accommodation alto:isLocatedAt alto:Kolkata. 

?accommodation alto:petsAreAllowed ?value. 

filter(?value=true) 

} 

Q2 Which are the places to eat in Bengaluru with rating more than 4? 

 

select * 

where { 

?eatery rdf:type ?type . 

?type rdfs:subClassOf* alto:Eatery . 

?eatery alto:isLocatedAt alto:Bangalore. 

?eatery alto:hasRating ?rating. 



157 
 

filter(?rating >= 4.0) 

} 

Q3 List the handicrafts of West Bengal. 

 

select * 

where { 

?handicraft alto:isBasedFrom ?district. 

?district alto:isPartOf alto:WestBengal. 

} 

Q4 Which tourist accommodations of Kolkata are equipped with accessible bath and 

electrical socket for charging wheelchairs? 

 

select ?accommodation ?type  

where { 

?accommodation rdf:type ?type. 

?type rdfs:subClassOf* alto:TouristAccommodation. 

?accommodation alto:isLocatedAt alto:Kolkata. 

?accommodation alto:hasAccessibleBath ?v1. 

?accommodation alto:hasWheelchairChargeableElectricalSocket ?v2. 

filter(?v1=true && ?v2=true) 

} 

 

Example of queries executed on the ontology demonstrated in section 5.3 

Prefixes PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX tro: <http://touristreviewontology.owl#> 

 

Q5 List reviews about Eco Park with average rating. 

 

select ?review 

where { 

?review tro:has_rating ?rating. 

?review tro:is_about tro:Eco_Park. 

filter (?rating="Average") 

} 

Q6 List reviews according to decreasing order of importance score. 

 

select ?review ?content 

where { 

?review tro:states ?content. 

?review tro:has_importance_score ?score. 

} 

order by desc (?score) 

limit 5 
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Q7 List the aspects of time utility reviews about Ontario Place. 

 

select ?review ?aspect  

where { 

?review tro:has_rating ?rating. 

?review tro:reflects_aspect ?aspect. 

?review tro:is_about tro:Ontario_Place. 

?review rdf:type tro:TimeUtilityReview 

filter (?rating="Average") 

} 

Q8 Obtain a visual graph of perspective reviews and aspects covered in them. 

 

CONSTRUCT { ?review tro:reflects ?aspect} 

WHERE {?review rdf:type tro:PerspectiveReview. 

?review tro:reflects_aspect ?aspect. 

} 

limit 14 

 


