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ABSTRACT ARTICLE HISTORY
Sustainable tourism research focuses on mitigating or remediating Received 18 March 2021
environmental, social and economic impacts on tourism. In the past Accepted 24 August 2021
years, Big Data approaches have been applied to the field of tourism

allowing for remarkable progress. However, there seems to be little Sustai —

. . L. ustainable tourism; big

ewde.nce to sgpport that sgch _approaches are an inspiration to data; systematic literature
sustainable tourism and are being implemented. In this context, we aim review; Internet of Things;
to obtain a comprehensive overview of the use of Big Data in artificial intelligence
sustainable tourism to address various issues and understand how Big
Data can support decision-making in such scenarios. To that end, this
paper reports on the results of a literature review via a combination of
a Systematic Literature Review (SLR) in Software Engineering, and the
use of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) method. In summary, we investigated four facets: (a)
sources of big data, (b) approaches, (c) purposes, and (d) contexts of
application. The results suggest that the use of various approaches have
impacted practices in sustainable tourism. The findings provide a
thorough understanding of the state of the art of Big Data application
in sustainable tourism and provide valuable insights to foster growth
both in terms of research and practice.

KEYWORDS

1. Introduction

Big data has attracted substantial interest from researchers as a means to obtain insights to find sol-
utions, new strategies, and to uncover hidden potentials for an array of purposes (Mayer-Schonber-
ger & Cukier, 2013). Big data is a term that primarily describes datasets that are so large, unstructured
and complex that they require advanced and unique technologies to store, manage, analyse and
visualize data (Gunther et al., 2017). Datasets with such features are emerging from multiple econ-
omic sectors. Among them, the tourism sector has distinctive characteristics, i.e. the intangibility and
perishability of products and the vulnerability to natural, economic and political phenomena.

The tourism industry thrives on information. As such, research on tourism requires large volumes
of vigorous, updated, timely and relevant information to support and help decision-making pro-
cesses. Big data can deliver up-to-date and immensely informed inferences regarding behaviour
and human activity that enhance the tourism industry (Xu & Whitmarsh, 2020). Through the
tourist, a plethora of data sources can inform decisions made at different phases, such as before,
during and after a trip. One example of a popular data source is social media, which is used by
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tourists and also tourism businesses to communicate, find or deliver relevant information or any rec-
ommendation, and to obtain information about important news and crises (Park et al., 2019).

Among the branches of tourism, sustainable tourism has understandably gained traction in
recent years (Demunter, 2017). Sustainable tourism is not only about achieving economic pur-
poses, but also assessing environmental, and social dimensions with the focus on mitigating or
remediating environmental, social and economic impacts (Loaiza et al., 2019). This type of
tourism also has an important role in the achievement of the 2030 Agenda of Sustainable Devel-
opment Goals (SDGs) (UNWTO & UNDP, 2017). In particular, it can accelerate the accomplishment
of all goals in the agenda because it has a multiplier effect on other sectors. The contribution of
sustainable tourism to obtaining the goals can be direct or in-direct, specifically when it comes
to Goal 8 (on inclusive and sustainable economic growth), Goal 12 (on sustainable consumption
and production - SCP) and Goal 14 (on sustainable use of oceans and marine resources)
(UNWTO, 2005). Considering the large playing field of sustainable tourism, big data could be an
alternative input to measure sustainability. Despite these benefits, research on the use of big
data for sustainable tourism is still limited.

To start filling the aforementioned gap, the work presented in this paper focuses on analysing the
use of big data for sustainable tourism research by conducting a systematic literature review (SLR). In
particular, we expect to show the current situation, challenges and opportunities of using big data
for researchers and professionals from both the private and public sectors in the field of sustainable
tourism. To that end, this study is aimed at presenting a complete analysis to understand and
describe big data analytics focused on sustainable tourism by investigating four facets: (a) sources
of big data, (b) approaches, (c) purposes and (d) contexts of application.

The remainder of this paper is organized as follows. In Section 2, we present the relevant back-
ground information to our SLR. In Section 3, we describe our study design, including the objectives,
research questions and SLR protocol. In Section 4, we then present the results based on the primary
studies that have been examined. Finally, we present the conclusions, describe the remaining work
and address the threats to the validity of our study in Section 5.

2. Theoretical framework
2.1. Sustainable tourism

The concept of sustainable tourism has been discussed for decades by concerned people aware of
environmental issues such as the destruction of biodiversity, the earth-heat escalation, the diminish-
ing of the ozone layer and the greenhouse effect; and also social issues such as discrimination among
large groups of population (Richard & Derek, 2000). The United Nations Environment Programme
(UNEP) and the World Tourism Organization (UNWTO) explained that while fostering tourism activi-
ties, sustainable tourism accounts for the host communities’ social, cultural and economic needs,
along with attempting to promote revisitations (UNWTO, 2005). The key purpose of sustainability
is therefore the ability to encourage revisitation while simultaneously encouraging preservation of
the social, cultural and economic characteristics of the destination and to protect the environment.

The collaboration for sustainable tourism development is an optimistic and critical task. Innova-
tive ideas for the sustainable development of tourism are needed to learn from past mistakes, to fully
seize its possibilities, to meet its responsibilities and to embrace complexity and chaos in collabora-
tive efforts for resilient action. The latter suggests that tourism has obligations not only to itself as an
industry, but also to its clients, stakeholders and staff, to governance, to people, to other nations and
over time (Libburd & Edwards, 2018). Tourism is a view through which we can begin to understand
modern society, e.g. in the organization of leisure time, in representations of self to others, in
interpretations and in perceptions of risk and safety. Tourism figures parts of the world into sites
of work and plays places to be respected and well-maintained or turned into production and devel-
opment. Sustainability requires a strong focus on the tourism industry attracting visitors to the
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destination free from being at the cost of the environment or society, including the local commu-
nities’ attitudes (Guilarte & Gonzales, 2018).

2.2. Big data

In the era of digitalization and industry 4.0, data have become necessary for all aspects of life includ-
ing the tourism sector. Government and all related stakeholders need data for decision-making,
policy framework, business evaluation and prediction. Considering the world dynamic and technol-
ogy enhancements, it is now urgent to find new data sources, e.g. by exploring big data. In the pub-
lication ‘A World That Counts’ (IEAG, 2014), the United Nations promoted that data play a useful role
in the realization of sustainable development. In 2017, UNWTO also encouraged big data exploration
for tourism statistics, even though big data can be challenging and stakeholders need to be vigilant
in terms of accuracy, validity and reliability (UNWTO & UNDP, 2017).

Currently, technological developments related to big data further allow transformation and rapid
innovation in tourism (Sigala, 2018). Technological tools grant the real-time, fast, and mobile capture
and sharing of a big amount of data in several formats. For example, social media networks facilitate
the fast virility of big data, fostering their enrichment, augmentation and change. Technologies also
enable the rapid processing, visualization and analysis of big data helping and promoting decision-
making in daily actions and also for defining strategies. In general, big data has commanded the cre-
ation of new technologies, methods, data capture applications, visualization methods and data
aggregation abilities (Gandomi & Haider, 2015). In this line, big data is commonly designated in
terms of V's: Volume, Variety, Velocity, Validity, Veracity, Value, Visibility, Visualization and Virility
in spreading (Gunther et al., 2017).

In contrast to traditional data, economic development requires rich, multidimensional (i.e. econ-
omic, socio-cultural and environmental data from many stakeholders/perspectives), real-time and
spatially specific data. Big data is spatial and time-based, as well as complex, i.e. generated from
various users and sources. The characteristics of big data can significantly address the needs for
economic development measurement (Gandomi & Haider, 2015; Lehrer et al., 2018). Analytically,
technology advances (e.g. sensors, social media and web-based tools) generate data in high
volumes (large-scale data), at high velocity (high-speed real-time data), in wide variety (data varia-
bility in the form of, e.g. soft and hard data, text-based data and numerical data) and with a high
level of veracity (multiple interpretations and a lot of ‘noise’, e.g. big data quality and reliability).

3. Methodology

The goal of our study, as described using the goal-question-metrics approach (Basili et al., 1994), is to
‘analyze existing scientific literature for the purpose of characterizing the use of big data with respect
to approaches (e.g. processes, methods and tools) from the point of view of researchers and prac-
titioners in the context of sustainable tourism’. To achieve this goal, we derived the following
research questions:

RQ1: What sources of big data have been used in solutions for sustainable tourism?
RQ2: What big data approaches have been applied to sustainable tourism?

RQ3: To what purposes have the approaches been applied?

RQ4: In what contexts have the approaches been deployed?

To assess the use of big data on sustainable tourism research, we conducted an SLR using a combi-
nation of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) method
(Moher et al., 2015) and the guidelines proposed by Kitchenham and Charters (2007) for SLRs in Soft-
ware Engineering. We elaborate our search and analysis strategies in the following subsections.
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3.1. Sources selection and search scope

We selected six online digital libraries as search sources, namely Scopus, Wiley Online Library,
Springer Link, Science Direct, IEEE Xplore and ACM Digital Library. As also discussed by Dieste
et al. (2009), we selected these sources based on their timelines (publications are regularly
updated), availability (full text), quality (accuracy of the search results) and versatility (export
mechanism).

The search scope was limited to papers written in English and published before January 2020 (i.e.
time of the initial data collection). To build the search string, we identified keywords related to the
main overarching topics of our study, namely ‘big data’ and ‘sustainable tourism’. The keywords were
selected based on term similarity (e.g. ‘ecotourism’ for ‘sustainable tourism’), as well as extracted
from a quasi-gold standard, created based on the approach by H. Zhang and Babar (2010).

To create the quasi-gold standard, we searched the aforementioned digital libraries for journals
that contained the terms ‘tourism’ or ‘big data’ to identify prominent venues in these fields. Based on
that, we identified 13 journals and then searched them for papers that contained both ‘tourism’ and
‘big data’ in their full text. Finally, we manually inspected these studies, resulting in the selection of
48 primary studies.

The final search string, which was also validated by experts, is as follows:

(‘sustainable tourism’ OR ‘over tourism’ OR ‘ecotourism’ OR
‘responsible tourism’ OR ‘geo tourism’

OR ‘smart tourism’ OR ‘e-tourism’)

AND

(‘big data’ OR “artificial intelligence’ OR ‘digital’ OR
‘machine learning’ OR ‘internet of things’)

3.2. Study selection and analysis procedure

In total, we retrieved 1448 publications from the six digital libraries. The scope and quality criteria
used for the study selection are listed in Table 1. We followed the PRISMA procedure (see
Figure 1) and filtered the publications as follows:

(1) in the ‘Identification’ step, we identified and excluded 428 duplicates;
(2) in the ‘Screening’ step, we excluded 766 publications based on the title and abstract;
(3) in the ‘Eligibility’ step, we excluded 108 publications based on the full text.

That resulted in a final set of 144 publications: 100 journal articles, 32 conference papers, and 12
book chapters. A total of 133 papers were available for download and analysis, whereas we had no
access to 11 papers. The first two authors were responsible for filtering the studies independently,

Table 1. PRISMA inclusion criteria.
Topic Criterion

Field Sustainable tourism and big data (or similar terminology), as core unit of analysis, must be mentioned in title,
abstract or key words of a publication
Location  Studies from any geographical locations

Study Only publications from peer-review academic journals, academic
Design Books, conference proceeding and book chapters are accepted
Topic Publications need to provide empirical evidence to support the research question (with preference for articles

providing evidence to explain the use of big data to support sustainable tourism)
Language  Written in English
Date Published up to 2019
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Records identified through
database searching

(n=1448 )

Additional records
identified through other
sources
(n=0)

A 4

Records after duplicates removed
(n=1020 )

A 4

Records screened
(n=1020 )

| Records excluded

!

eligibility
(n=255 )

Full-text articles assessed for

(n=765 )

Full-text articles

l

synthesis
(n=147 )

Studies included in qualitative

Figure 1. PRISMA flow diagram.

excluded, with reasons
(n=108 )

Journal Articles: 103
Book Chapter : 32

Conference
Proceeding: 12

where their agreement level was calculated using Cohen’s kappa, and the third author was involved
in discussions regarding disagreements.

To answer the research questions, we want to examine four facets, namely (a) sources of big data,

(b) approaches, (c) purposes and (d) contexts of application. Thus, from each primary result, we
extracted the set of variables listed in Table 2. The variables used to answer each research question
are mapped in Table 3.

4, Results and discussion

In this section, we present the findings based on the data analysis for each research question. First,
we present the demographics of the studies included in the SLR. Then we elaborate on each facet:

sources of big data, approaches, purpose and context.

Table 2. Extracted variables.

Var. Description Var. Description

V1 Title V8 Approach’s name

V2 Author V9 Approach’s source of big data

V3 Year V10 Description of big data source

V4 Type of Paper V11 Approach’s purpose

V5 Paper goal (use/propose approach) V12 Approach’s maturity

V6 Approach type (software/design) V13 Approach’s context of application

V7 Approach’s sub-type V14 V14 Study setting (academic/non-academic)
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Table 3. Mapping variables to RQs.

Research Questions Variables
RQ1 (sources of big data) V9, V10
RQ2 (approaches) V5-V8
RQ3 (purposes) V11, V12
RQ4 (contexts) V13, V14

4.1. Studies demographics

Figure 2 illustrates the annual numbers of published articles on sustainable tourism research using
big data. Based on the chat, there are two main conclusions that are easily derived. First, research on
the use of big data on sustainable tourism is still in an early stage. On the other hand, there appears
to be a generally growing trend in the annual numbers of published articles during 2016-2019, indi-
cating increasingly wide attention to such emerging research.

Based on the type of research, most papers (58%) conducted quantitative research (e.g. statistical
analysis, mathematical modelling, spatial analysis and data mining). Moreover, 34 papers (25%) con-
ducted qualitative research (e.g. questionnaires, multifunctional analysis and descriptive analysis)
and only 7 papers (5%) conducted mixed research (quantitative and qualitative). The remaining
15 papers (12%) presented theoretical research or were literature reviews.

4.2. Sources of big data

This section will answer RQ1 regarding big data sources that have been used in solutions for sustain-
able tourism. In this section, we present and discuss the sources of big data mentioned in the col-
lected studies. For that, we group those that are more closely related. Table 4 presents a
description of the groups and the amount of studies in each group.

36 36

25

17

1

Year 2008 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 2. Articles by year.

Table 4. Number of studies per type of source.

Source type Description Number of studies
User-generated content Data that are actively provided by user/explicit data 74
Passive user data Data that are collected from user’s 5 information 5

Non-user data Data that are not generated by user 54
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4.2.1. User-generated content

Website development and then social network systems (SNSs) have facilitated tourists to share their
experiences with digital world (Cong et al., 2014). In the modern tourism era, social media is inevi-
table for sharing experiences, photos and opinions (van der Zee & Bertocchi, 2018). As a platform,
social media allows tourists to receive information and also to share their thoughts and recommen-
dations, either positive or negative, about accommodation, places, attractions or services (Budeanu,
2013). Review websites such as Tripadvisor, Booking.com, TravelPod, Tripblog, Lyping, Weibo and
Sina that promote attractions, restaurants, accommodation or used other travel services and facilities
have allowed for a wider community and researchers to analyse the insights regarding comments,
reviewer's profile and characteristic, trends and also how tourists’ expectations are met with real
experiences (Cong et al,, 2014; Liu et al., 2017; Periafiez-Cristobal et al., 2019; Radjevic et al., 2015;
van der Zee & Bertocchi, 2018; Wang, 2018).

Tourists’ digital footprints from SNSs have become valuable data sources not only for the tourism
business and marketing (Onder, 2017), but also to support sustainable development through the
analysis of tourists’ opinion and impression of the environment, cultures, traditions and communities
(Loaiza et al., 2019). Moreover, social media applications related to sustainable tourism such as
Virtual Communities and Virtual Tours could support preserving the destinations that are threatened
by massive and negative impacts of tourism (Budeanu, 2013; Cheng et al., 2017); to analyse tourists’
behaviour in the planning stage, in the pre-trip stage, during the trip and after the trip (Hussain et al.,
2018); or to understand the differences of tourists’ behaviour between regions or countries (Liu,
Huang, et al,, 2019).

In addition, posts with embedded geo-locations enable researchers to identify visitors flow
(Cvelbar et al., 2018; Nilashi et al., 2019; Tang & Li, 2016). Geo-tagged photos enabled researchers
to analyse tourists’ spatial network related to cultural heritages (Nguyen, Camacho, et al.,, 2017;
Nguyen, Hwang, et al.,, 2017), cultural ecosystem services (CES) (Retka et al., 2019) and conservation
areas (Kim, Kim, et al., 2019). The source of geo-tagged images are posted by tourists using social
network platforms such as Facebook, Instagram, Twitter, Flickr, Panoramio and Foursquare (Encalada
et al, 2017; Giglio et al., 2019a; Hausmann et al., 2018; Nguyen, Camacho, et al., 2017; Salas-Olmedo
et al., 2018).

Further, sets of photos using GPS coordinate (latitude, longitude) were also clustered as geo-clus-
ters to identify the densest among them (i.e. Place of Interest). Understanding geo-tagged photos at
cultural heritage sites would be useful to provide tourists some useful information related to their
trip (Nguyen, Camacho, et al., 2017), and enable researchers to capture the movement trajectories
of tourists on a larger scale (Vu et al., 2015). Other studies have also proposed to use the city and
country of origin of tourists, and discover the number of foreign and domestic tourist in the area
(Giglio et al., 2019b).

4.2.2. Passive user data

The destinations in which cards have been used can serve to analyse tourists’ preferences on activi-
ties, e.g. archeological, art, historical, castles, science, cultural, environment, food and wine or nature
(Scuderi & Nogare, 2018). Moreover, the card transactions data (on-site payments and cash withdra-
wals) are also utilized as an innovative data source to analyse domestic tourism dynamics anon-
ymously as it used digital data sources which is less employed compare to traditional survey for
statistics (Palop et al., 2019).

Roaming data of foreign mobile phone calls can be utilized as data source for empirical analysis of
geographical, temporal and compositional dimensions on the actual visits of foreign visitors,
through accessing the anonymized passive mobile positioning data of the major national mobile
network operator(Bratucu & Cismaru, 2015). As a use case in Estonia has shown, it is possible to
use such data source while complying with data protection and privacy requirements to reveal vis-
itation patterns of the selected destinations on varying geographical levels (Raun et al., 2016).
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Potentially, the call information can be enriched using sensors equipped in the devices, e.g. GPS,
RFID, smart lock and Bluetooth (Tripathy et al., 2018).

4.2.3. Non-user data

Satellite photos were used to investigate the transformational conditions of the ecosystem environ-
ments or levels of land cover within areas of recreation, conservation by years and areas as it pro-
vides temporal and spatial information (Aminu et al., 2013; Tussyadiah & Miller, 2019). The
geographical information system (GIS) technology can provide qualitative and quantitative infor-
mation (Aminu et al., 2013) (e.g. land use, road network and public facilities), being important to
achieve optimal sustainable tourism in protected areas (Chao et al., 2011). GIS can also support
decision-making to regulate the use of existing resources, tourism carrying capacity (TCC) and
limits of acceptable change (LAC) (Pavon & Pifia, 2018).

Another source-related SNSs that have been explored are online tourism advertisements, e.g.
available on YouTube, Vimeo and Daily motion. They can point to cultural contexts in different
countries that have been scrutinized through a qualitative approach based on the use of visual
methods to identify sustainable tourism dimensions and discourses (Batat & Prentovic, 2014).

4.3. Approaches

This section will answer RQ2 regarding big data approaches that have been applied to sustainable
tourism. In this section, we distinguish between methods (e.g. types of analysis) and tools that
implement some of these methods. Then, once again we group the discussion based on associated
topics. Table 5 presents a description of the groups and the amount of studies in each group. We
clarify that the analysis of RQ2 encompasses primary studies that presented approaches (112 in
total). Thus, theoretical, literature review or too qualitative papers (21 in total) were not considered.

4.3.1. Methods based on statistical analysis

The use of big data in sustainable tourism research should enable local communities to use statistical
modelling and forecasting to look forward to what their needs are and mitigate the negative impacts
in the future (Caringal et al., 2017). Tables 6 and 7 present several statistical and spatial analysis along
with their purposes regarding sustainable tourism research.

4.3.2. Methods based on data mining and artificial intelligence

Aside from statistical modelling, predictive analysis and spatial analysis, artificial intelligence (Al) was
also used for planning solutions on sustainable tourism. Table 8 presents several methods analysis
and its purposes based on data mining and Al.

4.3.3. Tools

Geo2Tag LBS (location-based services) platform is assigned under MIT open source license and some
believe that it is the most popular Open Source LBS platform (Balandina et al., 2015). This platform is
also used for e-tourism services and has helped tourists to see a detailed plan of a museum with
marked objects and read stories that explain relations between various objects of the museum
and other objects from other museums and hospitality industry spots (Balandina et al., 2015). Also
focusing on user experience, ARTour, a game based on augmented reality, was used to promote

Table 5. Number of studies per type of source and approach.

Source type Method based on statistical analysis Methods based on Al and ML Tools and application
User-generated content 43 26 1
Passive user data 2 2 1

Non-user data 15 6 16
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Authors

Statistical methods

Purposes

Data source

Sarkar et al. (2013)

Marchiori and
Cantoni (2015)

Encalada et al.
(2017)

Pavon and Pifa
(2018)

Lee et al. (2017)

Han et al. (2018)

Bokelmann and
Lessmann (2019)

Liu, Zhang, et al.
(2019), Sun et al.
(2019)

Factorial analysis of variance
(ANOVA)

Multiple linear regression

Multiple linear regression

Multi-criteria decision analysis,
SWOT analysis and principal

component analysis
Structural equation model

Structural equation model

Autoregressive integrated
moving average
Granger causality test

Hopken et al. (2019)  Granger causality test

Liu, Zhang, et al.
(2019)

Gunter and Onder
(2016); Onder
(2017)

Li and Pan (2017)

Vector autoregression model
(VAR)

VAR in a fusion with Bayesian

estimation

Generalized dynamic factor
model

To reveal significant difference among image
subjects and determine the visibility index
of wildlife species in the regions

To identify factors affecting the perceived
confirmation/disconfirmation of prior

beliefs about a destination

To identify tourists’ behaviour regarding

spatial association

To support strategic planning tools in
accordance with priorities and available
options to design better policies

To develop a model that explains the effect
of smart tourism technology attributes and
destination experiences to tourist

happiness

To test the validity and reliability of
measurements on using UGC for analysis
To evaluate Google Trend data as an useful

predictor for tourist visit

To capture the relationship between search
volume index (SVI) and tourist arrivals

To forecast tourist’s arrival

Wildlife photography
imagery

UGC

Geo-tagged images

Satellite imagery,
conventional map

Online questionnaire

on smart tourism

Online questionnaire
on UGC
Google Trend

Geo-tagged images,
Google and Baidu®

Google Trend

To reveal the spatio-temporal characteristics UGC

of the tourist’s visit
To forecast tourism demand

To predict tourist volume using a more

comprehensive index

Google Analytics,
UGC

Geo-tagged photos

?Add citation: Sun et al 2019

Table 7. Spatial analysis and its purposes.

Authors

Statistical methods

Purposes

Data source

Pavon and Pifa
(2018)

Retka et al.
(2019)

Kim, Kim, et al.
(2019)
Nguyen,
Camacho,
et al. (2017)
Chao et al.
(2011)
Aminu et al.
(2013)

Aminu et al.
(2014)

Integration of statistical
modelling and geographic
information system (GIS)

Integration of statistical
modelling and GIS

Integration of statistical
modelling and GIS
Haversine formula

Integration GIS and agent-
based simulation

Multiple criteria evaluation
(MCE) applying analytic
hierarchy process

MCE applying analytic natural
process

To identify potential area for tourism and to
avoid conflict between tourism activities and

conservation

To analyse the distribution, qualities,
characteristics and values of locations in

cultural ecosystem services

To quantify the proxy ‘photo-user day’ to

estimate number of visitors

To analyse path and fields when developing
GIS application for clustering purpose

To explore phenomena of change in land use,
land coverage and number of tourists

To support spatial decision for sustainable
tourism planning by evaluating possible
alternatives from different perspectives

To determine nature conservation and tourism
development priorities among highland

areas

Satellite images,
conventional maps,
questionnaire

Geo-tagged photos

Geo-tagged images

Geolocation data set

Satellite images

Satellite images,
conventional maps

Satellite images,
conventional maps

agritourism by encouraging tourists to maintain responsible environmental behaviour through
active outdoor learning experiences (Garzon et al., 2018).

Internet of Things (loT) can be very important in smart tourism to support tourist activities before,
during and after the trip. Smart tourism systems can provide tour information via mobile apps based
on tourism big data analytics (Kim, Kang, et al., 2019). Jeju, a special self-governing province in Korea,
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Table 8. Methods and purposes based on data mining and artificial intelligence.

Authors

Methods

Purposes

Rossetti et al. (2015)

Gunter and Onder (2016)

Giglio et al. (2019a)

Zhang et al. (2019)

Li et al. (2017)

Nilashi et al. (2019)

Retka et al. (2019)

Huertas and Marine-Roig
(2015, 2016), Cheng et al.
(2017), Perianez-Cristobal et al.
(2019)

Liu, Huang, et al. (2019), Chao
and Lai (2015)
Park et al. (2019)

Tang and Li (2016)

Onder (2017), Loaiza et al. (2019)

Knowledge engineering, information
extraction and machine learning (ML)

ML and natural language processing
techniques

Deep data examination through ML
algorithms including image recognition,
image classification and cluster analysis
(unsupervised learning technique)

Photo content analysis conducting
computerized deep learning models

Adaptive neuro-fuzzy inference systems
(ANFIS): a prediction ML technique

A hybrid method of ML using clustering self
organization map, higher order singular
value decomposition and the ANFIS
techniques

Content analysis based on text mining

Content analysis

Content analysis
Content analysis
Social network analysis

Semantic-based natural language data
mining

To propose a new model on processing
textual reviews based on several application
scenarios

To analyse and visualize tourists’ behaviour,
origin and perspective

To determine the dynamics of tourism by
identifying landmarks and finding patterns
or grouping within data

To understand tourist’s perspective and
behaviour and to explore tourists’ cognition
in the tourism destination

To predict the overall travellers’ preferences
on each cluster of accommodation

To handle multidimensional data in tourism
contexts and to visualize the data which
ease the data characteristics

To examine an array of dynamics such as
reactions on social media

To analyse what contents are published by
tourist destinations or ecotourism sites
through their official social media accounts
and to find relational patterns within
destinations.

To analyse tourists’ behaviour, experience,
evaluations and satisfaction

To analyse campaigns using certain hashtag
or terms

To analyse the relationship network and
evaluate the network structure through a
series of indicators

To compare tourists’ expectations and real
experiences and to assess contrasts
between tourists’ expectations and service
providers’ based on SNS content

deploys free WiFi access points on major tourist spots and buses to provide free internet access
service via one-time authentication. This platform provides data to analyse tourists’ routes, which
are very important for policy establishment and personalized smart tourism services (Kim, Kang,
et al., 2019). In addition, these smart tourism monitoring devices also measure the number of visitors
and environmental data including dust amount, temperature, wind speed and snowfall (Kim, Kang,
et al., 2019).

iTour is a GPS-enabled device equipped with Internet and other services, including RFID, smart
lock, Bluetooth, smart map and sensors (Tripathy et al., 2018). It was used to improve conven-
ience and flexibility in the tourism domain and integrated various tourist services (Tripathy
et al., 2018).

CASTA (Contention, Convenience, and Accessibility based Smart Tourism-destination Approach)
is a smart system which is started by the tourist handheld GPS-enabled device and allows the tourist
to send a preferences message and get back the required feedback. It is also equipped each tourism
site with small wireless sensors placed in various sections, rooms, squares that collect various infor-
mation that could be of interest to tourists such as the temperature, humidity, air quality and visitors’
number (Almobaideen et al., 2016). Similarly, sensor network on the road for enhanced internet of
touristic things (STREET) Web is a platform used to distribute tourist information ‘on the road’ by
using Smart Box (SB), a physical architecture of micro servers placed in touristic areas with monu-
ments. This application enables interaction between visitors and objects where tourists also could
access any information related to the objects (Angelaccio & Buttarazzi, 2016).
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Accordingly, an loT-based system for the smart museum was implemented to provide the user
with a real interactive experience specifically for personalized navigation. By utilizing BLE (Bluetooth
low energy) and computer vision techniques, tourists can obtain information related to the artworks
(Fiore et al., 2016). Finally, by applying Al techniques to an Integrated Urban Tourism called Puglia
Project, an e-tourism application so-called Semantic Web was developed. Semantic Web aims to
provide information related to alternative transportation to the objects compliant to tourists’
profiles. Therefore, tourist acts not only as information users but also information suppliers (Lisi &
Esposito, 2015).

4.4. Purposes and context of application

This section will answer RQ3 and RQ4 regarding purposes and contexts that have been deployed
towards sustainable tourism. The results suggest that most studies (approx. 29%) report studies
on tourist behaviour and flow, followed by smart tourism and ICT (approx. 24%), managing sustain-
able tourism in general (approx. 14%), destination image/attractiveness (approx. 10%), nature pres-
ervation/conservation (approx. 9%) and ecotourism (approx. 3%). Not only discussing one specific
topic or context, approximately 10% papers discussed two topics in one paper. These papers, for
instance, combination of ecotourism and destination image, ecotourism and smart tourism, destina-
tion image and managing sustainable tourism in general or destination image and tourist flow.

4.4.1. Ecotourism, nature preservation, cultural heritage

Ecotourism is an aspect of tourism that supports socio-economic, socio-cultural and socio-political
development without decreasing the quality of the environment (Rauf et al., 2015) in which ecotour-
ism grasps the principles of sustainable tourism (Hernandez-Aguilar et al., 2017). Analysis of climate
conditions, seasonality, security and political instability has a significant influence on the visitors’ arri-
vals/patronage of the ecotourism industry, for example at Saiful Malook National Park in Pakistan
(Rauf et al, 2015). Understanding a protected area’s visitation status is critical, as it strongly
affects the sustainability of natural resources and environment protection (Kim, Kang, et al., 2019).
Even though spatial visitation patterns and their features on nature-based tourism are difficult to
assess using only a field-based survey (Kim, Kim, et al., 2019). Social big data has been used to inves-
tigate nature-based tourism by identifying locations and the reasons tourists visit to evaluate which
features are attractive to tourists (Kim, Kim, et al., 2019); investigating which activities people engage
with when visiting protected areas (Hausmann et al., 2018); investigating the use of social media by
ecotourism management agencies and how this potentially changes the relationship between the
ecotourism and the natural environment (Cheng et al., 2017). This has also been done in the
Chengdu Research Base of Giant Panda Breeding (CRBGP) in Sichuan, China by examining wildlife
tourism experiences in a unique site combined with a species: giant pandas (Cong et al., 2014).

Sustainable use of tourism resources should be ensured by appropriate development and utiliz-
ation considering environment protection and nature conservation, which can be delivered by
installing a smart system to measure the number of visitors, and environmental data of sightseeing
spots such as fine dust amount, temperature and humidity, wind speed and snow fall which utilized
a big data analysis in Jeju, Korea (Kim, Kang, et al., 2019). To identify conservation and compatible
areas for tourism development especially in nature conservation and wetland areas, spatial model-
ling in GIS has been delivered in Johor Ramsar sites, Malaysia (Aminu et al., 2013). Spatial analysis was
also applied to regulate the tourist and recreational activities within the Lagunas de Montebello
National Park in Spain, to assess TCC and LAC to design better policies and strategies linked to
tourism and sustainability (Pavon & Pifa, 2018).

CES are determined as the non-material advantages derived from human-ecosystem relation-
ships (Retka et al, 2019). To quantify the benefits of CES in spatial large area in Brazil's largest
marine-protected area, which is difficult to convey, an assessment using user-contributed geo-refer-
enced photographs from a popular image and video-hosting website has been implemented (Retka
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et al., 2019). Similarly, in Vietnam, using geo-tagged resources from social networking services which
combined semantic tags and media data such as image data, an analysis has been employed to bring
out useful information for the purposes of smart cultural tourism development (Nguyen, Hwang,
et al., 2017). On the other hand, from the cultural heritage tourism industry side, a multiple case
study was applied on two leading platforms involved in the online dissemination of cultural heritage:
Europeana and Google Arts & Culture, as a representative for digitization and datification of artefacts
and cultural heritage (Pesce et al., 2019).

4.4.2. Destination image/attractions

Destination managers are devoting time and money to promote their destination became popular
among tourist and internet users (Inversini et al., 2010), using the strategic system, for instance, con-
sumer-oriented intelligent support system in the form of web service incorporated by tourism
domains such as sightseeing spot suggestion (Chao & Lai, 2015). Understanding target-market
tourist is also important to adjust the destination management objects (DMO) marketing strategies
based on tourist’s perspectives about destination (Deng et al., 2019; Mariani et al., 2016). Tourists’
origin, nationalities, domestic vs. international, will influence their perceptions, choices and behav-
iour about destinations (Hopken et al., 2019; Liu, Huang, et al., 2019). Table 9 presents a more com-
plete picture about the use of big data analysis for DMO, competitiveness and tourist destination.

4.4.3. Tourist behaviour

Understanding tourists’ intrinsic interest in high-quality tourism environments, hence inspiring them
to respond with a tremendous sense of personal responsibility toward the environment, could be
critical to promote sustainable tourism (Han et al., 2018). Visions of tourist travel behaviours are
important for managers engaged in sustainable tourism industry, to provide practical implications
for destination development, transportation planning and impact management (Vu et al., 2015).
This insight could be obtained using social media to analyse, four stages of travelling: planning
stage, pre-trip stage, during the trip stage and post-trip stage (Hussain et al., 2018), as tourists gen-
erate a large amount of ‘digital footprint’ that can be used for studying tourist behaviour (Tang & Li,
2016). Traveller service satisfaction and travel experience satisfaction also has a significant effect on
tourist happiness (Lee et al., 2017). Thus, the user’s feedback can be used for other online users to
determine and make decision to find the most relevant facilities, for instance, eco-friendly hotels, tai-
lored to their preferences (Nilashi et al., 2019). Ability to analyse travel behaviours will also enable the

Table 9. Big data Analysis for DMO, competitiveness and tourist destination.

Authors Purposes Methodology Data Sources
Inversini et al. To promote destination among tourist and internet ~ Content analysis UGC
(2010) users
Chao and Lai To promote destination among tourist and internet ~ Consumer-oriented Web service
(2015) users intelligent support incorporated with
system tourism domain
Marchiori and To deliver information of products and services to Sentiment analysis UGC
Cantoni (2015) tourists and specific audience
Deng et al. To adjust DMO marketing strategies based on Content analysis Geo-tagged UGC
(2019) tourist's origin and perspective on destination
Hopken et al. To understand tourist’s origin, nationalities, domestic ~ Regression analysis UGC
(2019) vs. international which influence perspectives and
choices
Liu, Huang, et al.  To understand different characteristics of domestic Sentiment analysis UGC
(2019) tourist compared to international visitors
Raun et al. To identify which places are popular among different  Statistical and spatial Mobile positioning data
(2016) nationalities in Estonia analysis
Qi and Chen To assess Macao's image between Chinese tourists ~ Content analysis UGC
(2019) and international tourists as it implies

segmentation and marketing strategies
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provider to adopt different strategies in designing and promoting their tourism products (Michopou-
lou & Moisa, 2016).

Visitor flows in tourism research could be employed as proxies for tourism demand (Cvelbar et al.,
2018). Hence, flows are measured as number of tourist’s arrivals and receipts from different countries
to the host destination (Cvelbar et al., 2018). However, the use of big data to estimate or predict
tourism demand is a new technique and also an important step for tourism industry and research
(Cvelbar et al., 2018), where capability to forecast tourism demand accurately will ease destination
management organization to provide enough facilities, information and transportation system
(Onder, 2017). Moreover, the travel route would be utilized as the basic for tourism cooperation,
tourism planning, tourism marketing, travel route design and other purposes (Tang & Li, 2016).
Ability to predict tourism demand will implicate to efficient allocation, cost reduction and to
detect tourist behaviour in the early stage (Gunter & Onder, 2016).

However, there is little evidence on the spatial behaviour of urban tourists, even though tourists
generate large data when they visit cities (Salas-Olmedo et al., 2018). The analysis of user-generated
content (UGC) in Antwerp and the example of the MAS museum highlight difficulties associated with
tourist flow over space in historic cities (van der Zee & Bertocchi, 2018). Meanwhile, visual content
analysis of tourist photos is considered to be an effective way to analyse tourist’s cognition in the
tourism destination (Zhang et al.,, 2019). Not only UGC and photos, destination cards and the use
of credit cards are also beneficial to analyse and identify the most sequence of tourist activities,
which implied to the policy of marketing strategies of the destination (Scuderi & Nogare, 2018).

4.4.4. Smart tourism

Tourism, as one of the fastest-growing industries, has played an important role in the context of
Smart Cities and sustainability, as tourism is a considerably important generator of carbon emissions
(Nitti et al., 2017). Smart tourism is therefore an important part of smart cities (Tripathy et al., 2018).
Recently, smart tourism has emerged as a new term to illustrate the advanced technology appli-
cations that rely on sensors, big data processing technique, open data, open Application Program-
ming Interface (API), new way of connecting and exchanging between humans and machines and
multi-device (such as loT, Radio-frequency Identification (RFID) and Near-field Communication
(NFQ)) in tourism (Vu et al., 2018). Smart tourism also relies on the ability to not only collect enor-
mous amounts of data, but to intelligently store, process, combine, analyse and use big data to
inform business innovation, operations and services by Al and big data techniques (Tsaih & Hsu,
2018). There are several implementations of smart tourism in the context of sustainable tourism,
first, the use of Al techniques to support integrated tourism services in Apulia Region, Italy (Lisi &
Esposito, 2015). These integrated services consists of several tools such as OnTourism, with data
automatically retrieved from the websites of Trip Advisor and Google Maps, which lead into
actions oriented to service innovation for the sustainable knowledge society (Lisi & Esposito, 2015).

Second, a design of a no-invasive indoor location-aware architecture, which improves the user
experience in a museum, in Lecce (ltaly) (Fiore et al, 2016). An loT-based system for smart
tourism services has been implemented towards smart museum navigation which improves visitor's
cultural experience (Fiore et al., 2016).

Third, a system (BRB (Be Right Beach)) advocates avoiding the overcrowding of beaches by allow-
ing each tourist to choose the right beach to visit to have the best experience (Girau et al., 2018). This
system consists of control units equipped with an UV sensor, thermometers, a humidity sensor and a
camera to predict the crowd. Hence, this system provides information and suggestion for tourists
based on tourists’ preferences and complete information (Girau et al., 2018).

Fourth, utilizing the smart tourism ecosystem model as the framework, using SNS social comput-
ing formula as the theoretical basis, it has been established the Living Green tourism ecosystem,
which enable to enhance relation between business and the smart travel itinerary recommendation
in order to support improvement of the entire industry (Tsai et al., 2018).
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Further, the smart cultural tourism service would convey smart interactions between the tourists
themselves by collecting and analysing geo-tagged datasets from available social media (Nguyen,
Camacho, et al., 2017). Also, to support mobile users of smart tourism, for instance, smart museum,
STREET Web has been utilized by integrating micro servers, distributed in the scenario (servers on
the road), called SBs and functioning as a geo-based Cloud system in an autonomous way, as a Distrib-
uted Local Storage system, without remote internet access (Angelaccio & Buttarazzi, 2016).

4.4.5. Managing sustainable tourism in general

Unsustainable tourism development will lead to problems such as loss of natural resources, conflicts
between tourists and local residents and so on (Chao et al.,, 2011). As a part for the policy-making
process to achieve sustainable tourism, especially in conservation areas, big data analysis, Al, GIS
and the loT are utilized (Chao et al., 2011). For instance, adopting social media could be employed
for sustainable tourism even though slowly adopted by institutional actors (Budeanu, 2013). A con-
ceptual framework for sustainability defined as systematic thinking for sustainable tourism, which
can solve complex problems by applying intra- and intertextual analysis, has been applied by
using online tourism advertisement as data sources (Batat & Prentovic, 2014). This technique
might help stakeholders to understand cultural differences while promoting sustainable tourism
in certain areas (Batat & Prentovic, 2014).

Another opportunity to enhance the quality of sustainable tourism management is by using social
media which enables individuals to deliver their thoughts to tourism decision-making and planning,
even though its adoption is relatively slow by institutional actors (Budeanu, 2013). Not only for the
policy-making process, social media such as Facebook has also been utilized to engage students as a
medium of education in the context of sustainable tourism, where students not only collected infor-
mation, but also actively created and shared the knowledge about sustainability (Isacsson & Gretzel,
2011). Social media also plays a role in crisis communication strategy in the tourism sector as it is
open to the public, interactive and traceable (Park et al., 2019). Social media is deeply changing
the way tourists search, find, use and collaboratively produce information about tourism, in which
this participatory approach will enable the merge of traveller’s needs and the local communities
in sustainable development (Guzzo et al., 2013), and also to link the tourists, industry and environ-
mental responsibility (Kleinrichert et al., 2012).

5. Related works and limitations

There are several papers discussing the use of social media for sustainable tourism, for instance, iden-
tifying the most important issues related to Social Media Analytics and Smart Tourism (SMAST) and
offer some guidelines for future research through an SLR (ViAan-Ludefa, 2019). A range of the aca-
demic reports were also reviewed in order to derive the crucial information and to have a better
overview of ICT-based tools/applications in all the dimensions of ecotourism (Katsoni & Dologlou,
2017), analysis of smart technology that exploits loT for the travel and hospitality industry (Wise &
Heidari, 2019), analysis of tourism big data for forecasting (Song & Liu, 2017), literature review on
the use of big data for tourism research (J. Li et al., 2018), and analysis of smart tourism development
as a major focus for many destinations across the world particularly in Asia (Gretzel et al., 2018). Our
paper discussed a wide range analysis of methods, tools and approach towards sustainable tourism
to give broader perspective on how big data and Al are utilized over sustainability.

Regarding the threats to the validity of our study, we considered the following aspects. First, the
search string may not be optimal and miss relevant keywords and, therefore, papers. To mitigate this
threat, we created a quasi-gold standard to ensure the quality of the search string and relevance of
the selected papers. Second, to mitigate risks related to data collection and analysis, in addition to
the details provided in Section 3, there were thorough discussions among the three authors along
with all steps of the SLR so far. Third, we did not employ the snowballing technique to trace other
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possibly related papers. We also acknowledge that, given inherent subjective biases, replications of
this research could lead to slightly different select studies and results.

6. Conclusion

This paper reports the study design and findings of an SLR to identify the existing and potential uses
of big data for sustainable tourism applications. Big data research on sustainable tourism seems to
be emerging since 2016. In an attempt to start answering our research questions, the results showed
that the use of big data for sustainable tourism is research in both academic (106 papers) and non-
academic settings (25 papers), and that approaches serve for various tasks, mostly for identification,
ranking and prediction of behaviours as well as number of tourists (Garau, 2017; Kenterelidou et al.,
2017; Kim & Kim, 2017). In addition, big data is used to support decision and policy-making processes
(Loureiro, 2018; Zhang, F, 2019), as well as for services provision based on a variety of data sources
(Zhang, 2016). To support the decision-making, it is important to include its integration with tech-
nologies (e.g. Al-based approaches and loT) in the application designing (Kim, Kang, et al., 2019)
to support smart tourism as one of important elements in smart cities and sustainability (Fiore
et al,, 2016; Girau et al., 2018; Lisi & Esposito, 2015; Nguyen, Camacho, et al., 2017). Table 5 suggests
that UGC and non-user data were deployed in various methods such as statistical analysis, Al and ML,
also as data sources for some tools and applications.

Although the use of big data in research has advanced, it still poses challenges concerning data
quality, data cost and privacy concerns (Li et al., 2018). Regarding the quality, big data could cover a
large sample, but not necessarily the whole sample (Xu & Whitmarsh, 2020). There are also several
issues related to the reliability of UGC and online review data, for instance, fake reviews for negative pur-
poses (Xu & Whitmarsh, 2020). Further, in a view of privacy concerns, mobile roaming and transaction
data have not been widely used in tourism research yet are expensive and difficult to access, despite
the advantages. It occurred in the matter of fact that tourists, mobile operator networks, also business
transaction providers do not wish to share their private information (Raun et al., 2016; Palop et al., 2019).

To overcome those challenges, mutual cooperation between academia, government and indus-
tries becomes essential. This cooperation will not only ensure data availability and reduce data cost
for tourism research using big data, but also addresses practical issues in return. Furthermore, having
confidentiality agreements and excluding sensitive information might be another solution to solve
the problem of privacy concerns.

Regarding quality challenges, we also aim to collaborate on future opportunities with prac-
titioners and other stakeholders, especially to take advantage of various research methods, data
sources, approaches and designs. Finally, we aspire to investigate to what extent the primary
studies address paramount implications to end-users such as privacy and security, and to utilize
big data analysis in cyber-physical system towards sustainability.
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