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ABSTRACT

The growing interest in intelligent automation adoption and development 
in tourism presents many potential solutions for sustainable tourism issues. 
To map the current landscape of research on intelligent automation in 
sustainable tourism, a systematic review was conducted of 213 scholarly 
articles. Five major themes were identified: intelligent automation to 
enhance tourist experience, preserve heritage, promote quality of life, 
measure tourist experience, and conserve the environment. Scholarly work 
on this topic has paid more attention to the economic and sociocultural 
aspects of sustainability but less to addressing environmental issues. To 
uncover further research gaps, this study outlines sustainability transition 
pathways using two dimensions: sustainability inclusion and tourist involve-
ment. Twenty-three distinct AI-based innovations were mapped onto the 
pathways to reveal future research directions. The findings explain the 
lack of AI-based solutions that offer high levels of sustainability inclusion 
and tourist involvement. Thus, this study proposes the “AI4GoodTourism” 
framework, inferring that intelligent automation with high sustainability 
inclusion levels can scale up the marginal contributions that tourists pro-
vide collectively. This framework serves to guide future research and devel-
opment for various stakeholders who are progressing sustainable tourism 
agendas through intelligent automation.

Introduction

The tourism sector has become increasingly automated. Furthermore, recent advancements in 

artificial intelligence (AI) have brought intelligence to automation. Intelligent automation broadly 

incorporates the use of technologies with cognitive, affective, and analytical capabilities to com-

plete activities that humans have traditionally performed (Tuomi & Ascenção, 2023). It is leveraged 

across different sectors that support the tourism industry, such as travel, heritage, and hospitality 

(Tussyadiah, 2020). When the recent COVID-19 pandemic brought the tourism industry to an 

almost complete standstill (Gössling et  al., 2021), intelligent automation-based technologies, such 

as robots, were adopted to mitigate the risk of infection among travellers by offering physically 

distant services to facilitate the restart of the industry (Pillai et  al., 2021). However, caution 
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towards over-reliance on intelligent automation must be observed as more adoption may lead 

to a lack of human touch and also impact employment opportunities (Tuomi et  al., 2021).

Moving forward, sustainability must be at the heart of any tourism operation. Indeed, intel-

ligent automation can be leveraged to drive sustainability and improve environmental, social, 

and economic performances, from reducing the use of natural resources to predicting tourist 

behaviour (González-Rodríguez et  al., 2020; Pereira-Doel et  al., 2019). Previous works have also 

acknowledged how technological innovation is integral to sustainable tourism development 

(Loureiro et  al., 2022; Santos et  al., 2021). More specifically, Rahmadian et  al. (2022) analysed 

how big data and AI are utilised to support sustainability in tourism. They mapped the general 

areas in tourism where AI techniques have been applied to facilitate big data solutions. However, 

little is known regarding the extent to which intelligent automation can play a crucial role in 

addressing sustainability issues in the tourism industry and where further research attention is 

needed. Since AI innovations in tourism attract scholars from various disciplines, such as tourism 

management (e.g. Tuomi et  al., 2021) and information technology (e.g. Zhang et  al., 2021), it 

is also pertinent to explore disciplinary contributions by mapping the current collaboration 

patterns from the related literature.

This paper fills these gaps by conducting a systematic review of relevant literature to address 

two key objectives. First, this study clarifies the current landscape of research on intelligent 

automation in the context of sustainable tourism to facilitate an understanding of how the 

power of technology can be harnessed in achieving a sustainable tourism agenda. Second, it 

maps sustainability transition pathways by showing how AI-based innovations would help bring 

changes through sustainability inclusion while embracing intelligent automation for sustainable 

tourism development. Recommendations for ideal future research directions are discussed under 

the proposed “AI4GoodTourism” framework. Acknowledging the role of tourists as the catalyst 

for change in the area of sustainable tourism (Juvan & Dolnicar, 2016), the framework suggests 

that intelligent automation with high sustainability inclusion levels can scale up the marginal 

contributions that tourists collectively provide. As such, the framework serves as a guideline 

for future research and development for tourism stakeholders interested in intelligent automation.

Overview of intelligent automation and sustainable tourism

Automation is widely understood as the implementation of a process or service delivery per-

formed by either an autonomous agent or a machine with or without minimal human inter-

vention (Ivanov et  al., 2022). A range of automated applications has AI capabilities, referring to 

the extent to which automation technologies can think or act humanly and rationally (Tussyadiah, 

2020). These capabilities include natural language processing (to communicate in a human 

language), knowledge representation (to store relevant information), automated reasoning (to 

conclude new conversations), machine learning (to extrapolate patterns and continually adapt 

to new situations), computer vision and speech recognition (to perceive the surroundings) or 

robotics (to handle objects and move about) (Russell & Norvig, 2021). Intelligent automation 

has AI capabilities, unlike other mechanical automation, such as self-service check-in kiosks at 

hotels (Ivanov & Webster, 2019).

While mechanical automation only focuses on repetitive and simple tasks, intelligent auto-

mation empowers technologies with cognitive, affective, and analytical capabilities to learn and 

adapt in a data-driven industry (Tuomi & Ascenção, 2023). Tussyadiah (2020) defines intelligent 

automation in tourism as an integrated system of next-generation technologies designed to 

operate service tasks without human intervention. The applications of intelligent automation 

could be seen in personalisation engines, autonomous vehicles, virtual guides, and robot chefs. 

Furthermore, Tussyadiah (2020) calls for more research on intelligent automation to promote 

sustainable tourism.
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Sustainable tourism requires a balance between the three fundamental pillars of sustainabil-

ity—environmental, social and economic (butler, 1999). This is to ensure that tourism development 

can meet the needs of current generations without compromising those of future generations 

(Weaver, 2005). The tourism industry presents a unique challenge due to consumers’ transient 

and hedonic nature (Dolnicar, 2020; Font & McCabe, 2017). AI may solve this issue with its ability 

to manage a large amount of complex and real-world data. Therefore, addressing sustainability 

issues in tourism can have important implications for the broader service sectors (Roxas et al., 2020).

However, what should be considered sustainable tourism is unclear, and it is a stumbling 

block to progress. Indeed, many studies have discussed the definitional issues of sustainable 

tourism (Moyle et  al., 2021). Still, academic literature has paid little attention to answering 

questions such as whether understanding tourism demand should be recognised as part of 

sustainable tourism actions (Liu, 2003). There are some existing frameworks, such as the Triple 

bottom Line (Stoddard et  al., 2012) and the Causal Loop Diagram (Roxas et  al., 2020), to guide 

sustainable tourism development. However, these frameworks also fail to provide information 

on specific sustainable tourism actions, thereby posing a challenge to evaluating the tangible 

contribution of one technology adopted in tourism to sustainable tourism development.

To overcome this challenge, a framework introduced by uNEP and uNWTO (2005) offers a 

useful structure to explicate and make sense of the contribution of intelligent automation to the 

various aspects of sustainable tourism development. The framework contains 12 aims for the 

sustainable tourism agenda formulated to guide policymaking processes. Since each aim includes 

clear examples of sustainable tourism actions (see Table 1), any practical benefits brought by 

certain technologies can be linked to the respective sustainable tourism issues that they help to 

address. This understanding is crucial because tourism stakeholders need clear guidelines to 

ascertain how the development and adoption of intelligent automation will contribute to the 

sustainable tourism agenda. Knowing which technology to deploy and for which purposes will 

allow them to identify different approaches that will enable them to mitigate the negative impacts 

and optimise the benefits of such technology adoption (Gössling, 2021; Tussyadiah, 2020).

Methodology

Guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

and the guidelines proposed by Kitchenham and Charters (2007), a systematic literature review 

Table 1. Summary of 12 aims for the sustainable tourism agenda.

no aims examples of sustainable tourism actions

1 economic Viability understanding the market; delivering tourist satisfaction; maintaining destination 
attractiveness

2 local Prosperity influencing levels of tourist spending; strengthening links between businesses
3 employment Quality increasing opportunities for gaining employment; having concern for the wellbeing of 

workers who lose their jobs
4 Social equity Providing disadvantaged people with access to income-earning opportunities; 

channelling tourism revenue to support social programmes
5 Visitor fulfillment ensuring the safety and security of the tourists in the destination; monitoring the 

tourist satisfaction level
6 local Control engaging with and empowering local, indigenous, and traditional communities; 

improving conditions for local decision making
7 Community Wellbeing reducing congestion; influencing tourist behaviour towards the locals
8 Cultural richness Conserving cultural and historic heritage sites; promoting culture and traditions responsibly
9 Physical integrity reducing the impact of new tourism development on local environments; minimising 

the physical impact of tourist activity
10 biological Diversity Conserving natural areas and biodiversity; supporting the development of ecotourism
11 resource efficiency minimising the use of land and raw materials; using water and energy responsibly
12 environmental Purity favouring more sustainable choices of transport; minimising the level of pollution and 

waste
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was conducted to map the current landscape of intelligent automation for sustainable tourism. 

It identified relevant keywords associated with the concepts, including “intelligent automation,” 

“sustainability,” “sustainable tourism areas,” and “tourism.” by combining the identified keywords 

(see Table 2), a series of search strings were developed and used to retrieve scholarly articles 

in the following databases: Web of Science, Scopus, Science Direct, IEEE Xplore, ACM Digital 

Library, and Google Scholar. The searches were adjusted to yield the most targeted results based 

on title, abstract, and keywords. Appendix A (supplementary material) presents the adjustments 

in each of the searched sources. All the search processes took place in December 2021.

In terms of inclusion criteria, this systematic review included articles published after 2011, 

the year when the term “Industry 4.0” was introduced (Culot et  al., 2020). Guided by the PRISMA 

procedure, the following criteria were applied to filter the search results:

•	 Articles on intelligent automation technology development, deployment, or implications 

for its use within the tourism domain were included.

•	 Articles had to be either empirical or conceptual research; however, review articles were 

excluded.

•	 Articles published in journals and conferences were included.

•	 Articles were written in the English language.

using this search strategy, the initial search retrieved 6,489 articles. Thereafter, title and 

abstract screening helped identify 401 relevant articles. The number of articles retrieved from 

each of the databases are as follows: Web of Science (n = 167), Scopus (n = 40), Science Direct 

(n = 42), IEEE Xplore (n = 55), ACM Digital Library (n = 19) and Google Scholar (n = 78). Of these 

401 articles, 95 duplicates (i.e. articles retrieved from more than one database) were found and 

removed. Thus, a total of 306 full-text articles were downloaded. Thereafter, 116 articles were 

excluded for one of three reasons: they were review papers, the technologies discussed did not 

have AI capabilities, or they were outside of the tourism context. This elimination resulted in 

the remaining 190 articles. Furthermore, the snowballing approach identified 23 relevant articles 

not retrieved in the previous search (Wohlin, 2014). Finally, a total of 213 articles were admitted 

for this systematic review. Figure 1 presents the PRISMA flow diagram of information passing 

through various stages of review. Appendix b (supplementary material) contains the list of all 

selected papers. Due to methodological limitations, there might be a few relevant papers that 

were not captured during the search process.

A network analysis was conducted on the keywords, disciplinary, and affiliation collaborations 

using an R-package for science mapping analysis called bibliometrix, and its web-based interface, 

biblioshiny (Aria & Cuccurullo, 2017). The analysis was conducted to capture general trends of 

research and collaboration patterns in intelligent automation for the sustainable tourism liter-

ature. Three centrality measures (i.e. degree, closeness, and betweenness) were examined to 

analyse the characteristics of the networks. Degree centrality measured in PageRank informs 

the influential nodes beyond their direct connections with other nodes in the network (Cambridge 

Intelligence, 2020). Closeness centrality measures the proximity between nodes to provide 

information on the span of influence each node has over the entire network (Yin et  al., 2006). 

Table 2. Search strategy.

Search strategy #1 anD #2 anD #3 anD #4

Concepts Keywords

#1 intelligent automation “artificial intelligence” or “robot” or “automation”
#2 Sustainability “sustainab*” or “responsib*” or “ethic*” or “green”
#3 area of sustainable tourism “environment” or “soci*” or “cultur*” or “econ*”
#4 tourism “tourism” or “hospitality” or “heritage” or “restaurant” or “travel” or “transport” or 

“leisure” or “accommodation” or “hotel” or “destination”

https://doi.org/10.1080/09669582.2023.2246681
https://doi.org/10.1080/09669582.2023.2246681
https://doi.org/10.1080/09669582.2023.2246681
https://doi.org/10.1080/09669582.2023.2246681
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Lastly, betweenness centrality measures the extent to which a node connects with other nodes 

to show its influence over the entire network regarding the spread and flow of information 

(Kim et  al., 2022).

Findings and discussion

Figure 2 shows an increasing trend of research interest in the field of intelligent automation 

for tourism in the last few years. Of the included 213 scholarly articles, 148 are journal articles 

and 65 are conference papers. The number of published journal articles spiked after 2018 (14 

articles in 2019, 44 in 2020, and 65 in 2021). The rapid advancement in AI capabilities, as 

recently demonstrated by the large language model (LLM), ChatGPT (Carvalho & Ivanov, 2023), 

will undoubtedly attract more scholarly attention that will affect how research on intelligent 

automation is conducted in tourism.

Previous studies employed a computational approach (n = 78, 36.6%) to deal with the aspects 

associated with developing and deploying intelligent automation technologies such as robots 

(e.g. Duchetto et  al., 2019). The quantitative approach (n = 52, 24.4%) involved employing various 

statistical techniques, such as structural equation modelling on quantitative data obtained by 

conducting surveys or experiments (e.g. Tussyadiah & Miller, 2019). Next, the conceptual approach 

(n = 24, 11.3%) focused on explicating concepts, developing potential hypotheses for 

Figure 1. PriSma flow diagram.

Figure 2. trend of year-wise publications.
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investigations and scrutinising the impact of intelligent automation (e.g. Cohen & Hopkins, 

2019). Qualitative methods (n = 17, 7.9%) were employed to conduct in-depth interviews and 

field observations to gain rich insights into a given context (e.g. Tuomi et  al., 2021). Furthermore, 

a mixed-methods approach (n = 13, 6.1%) was also evident when combining quantitative and 

qualitative approaches in a study (e.g. Pillai & Sivathanu, 2020). In addition, other studies com-

bined multiple methods, such as computational, followed by quantitative or qualitative tech-

niques. Examples of studies with computational and quantitative approaches (n = 20, 9.4%) are 

evident in tourism demand forecasting research, where scholars use techniques such as deep 

learning (e.g. Zhang et  al., 2021). Works such as Wu et  al. (2021) used computational and qual-

itative approaches (n = 9, 4.3%) in collecting and analysing online reviews.

A network clustering analysis (Lee et  al., 2020) was performed on keywords in all documents 

to examine the most frequently used keywords and how they relate to each other. Figure 3 

shows the keyword network analysis on the articles using the leading eigenvalue clustering 

algorithm based on 38 nodes. Appendix C (supplementary material) presents the corresponding 

centrality measure. “Artificial intelligence” has the highest betweenness, closeness, and PageRank 

measures, thus showing its frequent use in the domain of intelligent automation for sustainable 

tourism research, followed by keywords such as “service robots,” “robots,” “machine learning,” 

“cultural heritage,” “forecasting,” “hospitality” and “tourism.” These keywords reflect study contexts 

in the sphere of intelligent automation in tourism. AI-powered technologies and techniques 

such as “conversational agent,” “computer vision,” and “chatbot” have also been studied. This 

Figure 3. Keyword network analysis.

https://doi.org/10.1080/09669582.2023.2246681
https://doi.org/10.1080/09669582.2023.2246681
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paper finds keywords such as “trust,” “acceptance,” “customer experience,” “human-robot interac-

tion,” and “anthropomorphism,” indicating not only aspects that research considers when deploy-

ing these AI-powered technologies but also how the deployment affects their end users. Lastly, 

“covid-19′ is found to be connected with keywords such as “artificial intelligence” and “robots.” 

This signifies how research on intelligent automation in tourism is expected to increase in the 

post-COVID-19 era (Pillai et  al., 2021).

Network analyses were employed at both discipline and affiliation levels to explore the 

disciplinary collaboration patterns. This paper adopted the disciplinary collaboration network 

developed by Pal and Chua (2016) and identified affiliations across different disciplines. Figure 

4a depicts the discipline-by-discipline network based on six nodes using the leading eigenvalue 

clustering algorithm. Meanwhile, Figure 4b presents the affiliation-by-affiliation collaboration 

network based on 35 nodes using the Louvain algorithm. The size of the nodes signifies the 

number of intra-disciplinary studies, while the lines connecting each node indicate the collab-

orations among disciplines and affiliations. Thicker lines imply stronger collaborations between 

the respective disciplines and affiliations. Appendix D (supplementary material) provides infor-

mation on the grouping of affiliations into disciplines.

both intra-disciplinary (n = 106) and inter-disciplinary (n = 107) scholarly collaborations have 

been found in the selected articles. Intra-disciplinary collaborations were more salient in 

Engineering disciplines (n = 52), followed by “Humanities and Social Sciences” (n = 33) and 

Figure 4. a) Discipline-by-discipline collaboration network; b) affiliation-by-affiliation collaboration network.

https://doi.org/10.1080/09669582.2023.2246681
https://doi.org/10.1080/09669582.2023.2246681
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“business, Economics, and Management” (n = 18). Of the 107 articles with interdisciplinary col-

laboration, scholars from “business, Economics and Management” and “Humanities and Social 

Sciences” collaborated in 57. Meanwhile, 51 articles show collaborations involving Engineering 

disciplines with other groups, such as “business, Economics and Management,” “Humanities and 

Social Sciences,” and non-academic institutes.

On the affiliation level, tourism scholars were found to have contributed to 82 articles, with 

most collaborations centred around the “business and Management discipline (e.g. Zhang et  al., 

2021). Other disciplines that lead intelligent automation in tourism research include computer 

science and information systems, which often collaborate with non-academic institutes (e.g. 

Allotta et  al., 2015) or within the same Engineering discipline (e.g. Machidon et  al., 2020). 

Disciplines such as Economics (e.g. Pelau et  al., 2021) were found to have a similar number of 

collaborations with research fields such as autonomous systems (e.g. Duchetto et  al., 2019). 

Finally, it is evident that many disciplines under the social sciences umbrella (e.g. psychology, 

sustainability, and communication) still have not been fully involved in intelligent automation 

in tourism discourse. To this end, this affiliation-by-affiliation collaboration map provides an 

important indicator that will enable future researchers to build collaborations so that they are 

able to progress the intelligent automation for the sustainable tourism research agenda.

Current landscape of intelligent automation research in sustainable tourism context

Thematic analysis was employed to identify key themes from the selected articles. It is an 

effective method for examining patterns within data and reporting them in extensive detail 

(braun & Clarke, 2006). Guided by the sustainable tourism agenda (uNEP & uNWTO, 2005), this 

review identified five themes of intelligent automation research: a) Intelligent automation to 

enhance tourist experience (n = 86, 40.4%), b) Intelligent automation to preserve heritage (n = 49, 

23%), c) Intelligent automation to promote quality of life (n = 37, 17.4%), d) Intelligent automa-

tion to measure tourist experience (n = 34, 15.9%), and e) Intelligent automation to conserve 

the environment (n = 7, 3.3%). Each of the themes has been discussed as follows.

Intelligent automation to enhance tourist experience
This research theme focuses on the tourist experience, which relates to the economic and social 

aspects of sustainability. The works under this theme address three aims for the sustainable 

tourism agenda: Economic Viability, Visitor Fulfillment, and Local Prosperity. uNEP and uNWTO 

(2005) suggest that Economic Viability emphasises the importance of paying attention to the 

overall competitiveness of the destination and its potential to deliver tourist satisfaction. One 

pattern identified from the reviewed literature is that tourism stakeholders have attempted to 

satisfy tourist expectations by introducing intelligent automation-powered services such as 

bellboy robots (Rodriguez-Lizundia et  al., 2015) and robot baristas (Hwang et  al., 2021). Tung 

and Au (2018) noted that such novel services could encourage guests to co-create new expe-

riences with intelligent automation-powered services. The guests sought ways to interact with 

such technologies to the extent that they would even purchase products only to be delivered 

by the robots.

Once the intelligent automation-powered services have been deployed, managers need to 

see whether the given services have been well-accepted by the public. This pertains to the 

Visitor Fulfillment aim, which involves monitoring and addressing tourist satisfaction and the 

quality of their experience (uNEP & uNWTO, 2005). To do this, various theories have been 

considered. For instance, the uncanny Valley Theory reveals that the right degree of anthropo-

morphisation of AI agents will lead to a higher willingness to use them (Yang et  al., 2022). 

Concurrently, the “Computers as Social Actors” paradigm suggests that even anthropomorphic 

characteristics alone will not significantly lead to a higher degree of acceptance unless the 
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computers can show empathy and interact with the users properly (Pelau et  al., 2021). Even 

when the public willingly accept intelligent automation-powered services, these technologies 

are still bound to experience technical failures. To cope with this possibility, Lv et  al. (2021) 

found how what may be perceived to be “cuteness” in AI agents can increase customer tolerance 

in a service failure, with tenderness as the mediating factor.

Lastly, a growing number of works address the Local Prosperity aim as these works seek to 

influence the levels of tourist spending by providing more effective marketing methods (uNEP 

& uNWTO, 2005). Zhang et  al. (2019) utilised AI-empowered computer vision for analysing 35,356 

Flickr photos posted by tourists to explore their behaviour. The analysis revealed preference 

patterns from tourists from different continents (e.g. Asian tourists were found to like shopping 

more), extending the attribute-holistic framework of the destination image (Echtner & Ritchie, 

1993). Such results could provide clues for destination marketing organisations to improve their 

marketing promotions. To conclude, this salient research theme focuses on the tourism industry’s 

economic efficiency and sociocultural aspects in order to deliver tourist satisfaction.

Intelligent automation to preserve heritage
This theme is associated with preserving heritage, including cultural sites, historic houses, 

museums, traditions, and natural heritage (uNEP & uNWTO, 2005). Previous works on this theme 

have addressed two aims for the sustainable tourism agenda. The first is Cultural Richness, 

which includes conserving historical and cultural heritage. A piece of evidence for this exists 

in the study of Allotta et  al. (2015), who developed an autonomous vehicle to investigate 

underwater cultural heritage. If successful, such investigations could result in the establishment 

of new tourist sites. Furthermore, since Cultural Richness also refers to effective visitor manage-

ment (uNEP & uNWTO, 2005), studies that capture efforts to enhance the experience in and 

around the cultural heritage sites fall under this research theme. For instance, Rong et  al. (2020) 

developed a route for waterborne autonomous vehicles on the Amsterdam rivers connecting 

museums throughout the city. Their survey also showed that tourists preferred autonomous 

vehicles due to their flexibility and novelty despite the longer travel time. This not only con-

tributes to cultural richness but also to crowd management in terms of reducing urban con-

gestion by redistributing tourists within the destination.

The other aim is Physical Integrity, covering the importance of maintaining the facades of 

properties such as historic buildings (uNEP & uNWTO, 2005). Works such as Mansuri and Patel 

(2022) advanced maintenance techniques by developing an AI system capable of inspecting 

defects on the surface of built heritage. With an optimal accuracy for detecting defects such 

as cracks and spalling, the technique can cut inspection costs by up to half or more compared 

to the manual method. These works primarily focus on developing new intelligent automation 

technologies but there are very few theoretically informed studies. Of these, Machidon et  al. 

(2020) applied theoretical models, namely the Technology Acceptance Model and the Software 

usability Scale, to investigate users’ acceptance of a conversational agent introduced at muse-

ums. It can be concluded that the works on this theme touch on all three sustainability aspects.

Intelligent automation to promote quality of life
This theme is associated with promoting the quality of life of the people impacted by the 

deployment of intelligent automation technologies. Thirty-seven papers categorised under this 

research theme have addressed two other aims for the sustainable tourism agenda with much 

focus on the sociocultural aspects of sustainability. The first aim is Employment Quality, which 

is related to the wellbeing of employees whose jobs are at risk due to intelligent automation 

and advocates for employers to provide upskilling programmes at the workplace (uNEP & 

uNWTO, 2005). Such concerns are well addressed in many studies, with a study by Tuomi et  al. 

(2020) being one of the best examples. using Grounded Theory to analyse qualitative data from 
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industry practitioners across four countries, they developed the “Decent Work through Automation” 

model, offering guidelines for the responsible adoption of intelligent automation. It includes a 

comprehensive overview of the impact of intelligent automation adoption, such as the displace-

ment of workers. The model further advocates the importance of upskilling plans among relevant 

stakeholders in order to contribute toward sustainability and human development.

The other aim is Community Wellbeing, which attempts to reduce congestion at tourist 

destinations (uNEP & uNWTO, 2005). Camatti et  al. (2020) developed an AI-based system to 

suggest alternative destinations to avoid overtourism in order to adhere to the tourism carrying 

capacity limit. This aim emphasises the significance of carefully planning and managing tourism 

facilities and infrastructure (uNEP & uNWTO, 2005). For instance, although autonomous vehicles 

can be expected to offer automated on-demand 24/7 services, their lack of surveillance features 

might result in violent crime and antisocial behaviour, such as passengers using drugs (Cohen 

& Hopkins, 2019). The discussion on the implications of intelligent automation adoption can 

better inform the development of socially beneficial AI in tourism, which is part of the Good 

AI Society agenda (Floridi et  al., 2018). This theme is thus central to guiding the execution of 

the first theme (i.e. enhancing the tourist experience) because the irresponsible implementation 

of intelligent automation can lead to not only the mass substitution of human employment 

but also the erosion of consumer privacy (González-Rodríguez et  al., 2020).

Intelligent automation to measure tourist experience
This theme focuses on the ability of intelligent automation technologies to measure the tourist 

experience. These AI-powered technologies serve as ways to help either collect or process a 

large amount of data. Measuring tourists’ experiences is pertinent to delivering evaluations after 

deploying intelligent automation and guiding service improvements (Xiang et  al., 2021). The 

works under this theme have addressed three aims for the sustainable tourism agenda and 

focused on the economic and social aspects of sustainability. Just as the Community Wellbeing 

aim suggests the importance of managing tourism demand and reducing seasonality (uNEP & 

uNWTO, 2005), so research on tourism demand forecasting can assist tourism planners in making 

decisions and mitigating any risk based on the forecast data. One of the most recent AI-based 

forecasting techniques is the decomposed deep learning method developed by Zhang et  al. 

(2021). Such contributions help create effective short-term and long-term strategies and manage 

potential seasonality risks with better planning.

Economic Viability is another aim that is addressed when considering this theme. uNEP and 

uNWTO (2005) suggest that tourism managers should always find mechanisms for checking the 

visitor experience and obtaining regular feedback, which nowadays appears in online reviews. 

Wu et  al. (2021) utilised machine learning to examine online customer reviews of their experi-

ences with robotic involvement in the service encounter. The thematic analysis results were 

used to develop a theoretical framework based on the service role theory and consumption 

value theory to inform practitioners of the importance of designing robot-offered services 

focusing on a value-generating business concept. Last of all, Visitor Fulfillment is addressed in 

this research theme, with several works advancing methodologies for monitoring tourist satis-

faction (uNEP & uNWTO, 2005). González-Rodríguez et  al. (2020) developed a facial-expression 

recognition system to capture tourists’ emotions during guided tours at a uNESCO heritage site. 

by doing so, they could measure their satisfaction levels during the experience in a 

non-intrusive way.

Intelligent automation to conserve the environment
This theme is associated with the conservation of the environment through intelligent automa-

tion, thus addressing two specific aims in the sustainable tourism agenda. First, the Resource 

Efficiency aim covers how the use of scarce and non-renewable resources should be minimised 
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to guarantee the sustainability of the industry (uNEP & uNWTO, 2005). Tussyadiah and Miller 

(2019) investigated the potential use of AI-powered virtual agents and robots to promote 

resource-efficient behaviour on the part of tourists by providing feedback on their water and 

energy use during their hotel stay. Another study by Pereira-Doel et  al. (2019) used AI-powered 

water-saving technology to provide feedback to hotel guests during showering. both studies 

were able to elicit pro-environmental behaviour through the feedback-giving mechanism.

Second, Environmental Purity focuses on the efforts to reduce the amount of pollution gen-

erated by the tourism industry (uNEP & uNWTO, 2005). Tan and Lin (2020) revealed that tourists 

are likely to rent electric driverless cars at tourist destinations to reduce carbon emissions. 

Although the environmental impacts of electric vehicles still depend on the country’s electricity 

generation mix, a forward-looking study of electric vehicles in 59 world regions has found that 

emission reductions in the subsequent years will outweigh any temporary production-related 

increases (Knobloch et  al., 2020). Further empirical validations are required to gain insights into 

the environmental impact of autonomous electric vehicles at tourist destinations.

As a theme focusing on the environmental aspects of sustainability, the limited scholarly 

attention this theme has received (i.e. only 3.3%) highlights the lack of progress that has been 

made to tackle environmental sustainability issues through intelligent automation (Gholami 

et  al., 2016). With this in mind, transition pathways promoting a better distribution of sustain-

ability focuses are needed to guide the future development of AI-based innovations. Transition 

pathways are helpful in informing researchers about how radical or disruptive novel innovations 

are required to be in order to generate the impact that stakeholders desire from the unfolding 

transitions (Lindberg et  al., 2019). The above five themes inform the general sustainability focus 

of current intelligent automation technologies in tourism. The discussion unveils the current 

dominant focus on sustainability’s economic and social aspects and the lack of attention that 

has been paid to the environmental dimension. However, this mapping is insufficient to rec-

ommend the types of intelligent automation that future scholars and practitioners should aim 

to develop. There should be further mapping that takes into account the more technical char-

acteristics of existing AI-based innovations. For instance, what should be the drivers behind 

technological innovation? Who should be the users of the innovation so that its sustainability 

impact can be augmented? The following section will outline a framework to guide the devel-

opment of AI for the sustainability transition in tourism.

Conceptualising AI for sustainability transition in tourism: AI4GoodTourism framework

Recommending the types of technological innovation that future stakeholders should develop 

can be challenging. Designing innovative technological solutions requires clarity in both the 

objectives of the technology and the identity of its beneficiaries (Stickdorn & Schneider, 2011). 

However, the impacts of technological innovation are often unpredictable. For instance, social 

media innovations connecting celebrities’ lives with their followers have contributed to the 

adoption of “frequent flier” identities among young people (Gössling, 2019), thereby promoting 

the carbon-intensive lifestyle. This phenomenon provides rebound effects showing that improved 

efficiency can lead to increased consumption. How tourism is being experienced is, thus, key 

to transitioning the industry towards sustainability. In a capitalist economy, consumers are 

empowered to the extent that they can voice their preferences and achieve higher levels of 

utility (McShane & Sabadoz, 2015). As consumers of services provided by the tourism industry, 

tourists have the power to drive changes and play a crucial role in shaping the sustainability 

agenda (Juvan & Dolnicar, 2016). Thus, it is important to recognise their role as the main users 

when designing technological innovations (Stickdorn & Schneider, 2011).

To advocate for more sustainability-focused AI-based innovations, transition pathways need 

to be formulated. Informed by previous works (e.g. Lindberg et  al., 2019), this research identified 
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two dimensions, including sustainability inclusion and tourist involvement. While the former 

represents the objective of the technology, the latter represents its beneficiaries, which together 

form two essential elements for designing technological solutions (Stickdorn & Schneider, 2011). 

The sustainability inclusion dimension (low–high) assists in analysing the extent to which existing 

AI-based innovations incorporate the three pillars of sustainability: economic, social, and envi-

ronmental (butler, 1999). The other dimension, i.e. tourist involvement (low–high), is associated 

with the extent to which tourists interact with AI-based innovations to pursue their goals. The 

constant intersection between these dimensions justifies their selection as elements of  

the sustainability transition pathways. For instance, any negative tourist behaviour will harm 

the sustainability of the tourist destinations (Juvan & Dolnicar, 2016). Thus, the two dimensions 

are pertinent to investigating how AI-based innovations would help bring changes through 

intelligent automation for sustainable tourism development. Lindberg et  al. (2019) also argued 

that the application of such dimensions is appropriate when seeking to capture “the character-

istics of an unfolding transition” of phenomena such as technological change in a particular 

industry.

As shown in Figure 5, the degree of sustainability was considered high when the innovations 

went beyond product and service innovations and require changes to be made throughout the 

Figure 5. ai4Goodtourism framework: four pathways for ai-based innovations. De Carlo et al. (2021): ai to design collab-

orative strategy neumann et al. (2014): robot waiter Shi et al. (2021): ai recommendation systems tomo et al. (2015): 

Puppet theatre robot Zhu & Chang (2020): robot chefs
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entire system over a period of time. Conversely, it was considered low when the innovations 

needed the incremental improvement of existing products and services concerning their environ-

mental and social performance (belz & Peattie, 2012). Regarding tourist involvement, it was 

considered high when there was direct interaction between tourists and the innovations. In 

contrast, tourist involvement was considered low when they had no direct interaction. The col-

lective contribution made by pro-sustainable tourists will result in a large-scale drive for change. 

For instance, the water-saving technology in Pereira-Doel et  al. (2019) study, used in a 150-room 

hotel with two showers per room used daily for a month, will save the equivalent of one year’s 

water consumption based on that of an individual living in the united Kingdom. Therefore, this 

paper argues that the more tourists can use AI-based innovations with a higher degree of sus-

tainability, then the more significant the positive socio-ecological impact that is being augmented 

will be. This contention is the key point to take from the developed sustainability transition 

pathways, which correspond to the Theory of Marginal Gains, stating that small changes across 

a system can be aggregated to create significant improvements (Alexander et  al., 2019).

building upon the proposed sustainability transition pathways and contextualising them for 

intelligent automation in tourism, further data analysis was conducted. All AI-based innovations 

in the retrieved articles were first coded and categorised based on their characteristics, resulting 

in 23 distinct AI-based innovations (see the “Notes” section above). They were further analysed 

and mapped onto the sustainability transition pathways. These coding processes resulted in the 

discovery of four quadrants with one quadrant (green square; see Figure 5) being the ideal 

AI-based solutions. This was developed into “AI4GoodTourism” framework, addressing the need 

of key stakeholders to receive guidance in the decision-making process for sustainable tourism 

development (Floridi et  al., 2018). This framework encourages future applications of intelligent 

automation to be designed to promote sustainability inclusion through AI-based innovations 

in order to create large-scale impacts.

The mapping shows how current AI-based innovations are primarily considered to have low 

sustainability inclusion levels (i.e. 16 innovations in total). For instance, at least 42 papers 

discuss innovations such as service robots (e.g. Tussyadiah & Park., 2018), which amounts to 

nearly one-fifth of all contributions collected for this review. Such innovation has a low degree 

of sustainability inclusion, despite having the widespread involvement of tourists (see triangle 

quadrant in Figure 5). Whereas, AI-based innovations in the square quadrant are only evident 

in six papers, representing less than 3% of the collected literature. These innovations should 

be explored further if the tourism industry wants to progress the sustainable tourism agenda 

through intelligent automation (Gholami et  al., 2016; Tussyadiah, 2020). Failure to understand 

how each AI-based innovation contributes to the sustainable tourism agenda will only exac-

erbate the paradox between pushing economic development through tourism sectors and its 

negative impact on environmental sustainability (Font & McCabe, 2017).

Conclusion and implications

A systematic review was conducted of 213 scholarly articles to map the current landscape of 

research on intelligent automation in the context of sustainable tourism. The review revealed 

five themes: intelligent automation to enhance tourist experience, preserve heritage, promote 

quality of life, measure tourist experience, and conserve the environment. Of these, the most 

dominant research focus was on using intelligent automation to enhance the tourist experience 

while the least dominant focus was on its use as a means to conserve the environment. After 

developing the sustainability transition pathways, this paper mapped selected AI-based inno-

vations through the pathways and found different levels of engagement in terms of sustainability 

inclusion and tourist involvement. The finding informs our understanding of how existing 

AI-based innovations focus on sustainability’s economic and social aspects while neglecting 
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environmental sustainability. It echoes the criticism aimed at the technological advancement 

trend in the Industry 4.0′ era, which focuses less on environmental sustainability issues 

(Maddikunta et  al., 2022). Due to this oversight, scholars advocating for the upcoming Industry 

5.0 have called for more sustainability-focused technological innovations (Maddikunta et al., 2022).

Responding to this call, this paper introduces the “AI4GoodTourism” framework to help guide 

the future adoption of intelligent automation in tourism. It enriches the discourse of “AI4People” 

put forward by Floridi et  al. (2018). With this framework, it is expected that future scholars will 

develop more theories that will help to evaluate the impact of certain AI-based innovations on 

the sustainability of the tourism industry, precisely the environmental aspect. For instance, 

technology acceptance theories such as Artificial Intelligence Device use Acceptance (e.g. Chi 

et  al., 2022) can be further expanded to include sustainability-related factors. Such inclusion 

could help evaluate how the technology adoption among users might impact sustainability in 

tourism. Currently, most studies investigating adoption levels still have not included such factors 

(e.g. Pillai & Sivathanu, 2020).

Three key future research directions can be drawn from macro, micro, and methodological 

perspectives. At a macro level, future research can ensure that careful impact analyses can 

always accompany the application of the AI4GoodTourism framework to alleviate negative 

consequences resulting from promoting sustainability through AI-based innovations (Hoogendoorn 

et  al., 2019). The focus should be developing applications that leverage intelligent automation 

in a socially preferable, environmentally friendly way (Floridi et  al., 2018) To achieve this, theories 

from tourism planning and governance, such as stakeholder theory (Khazaei et  al., 2015) and 

the political theory of action (Jamal & Watt, 2011) can be explored. This is to ensure that rel-

evant stakeholders, including the local community, can be included in designing and applying 

AI-based innovations. The more macro social theory, such as the strategic-relational political 

economy approach (bramwell, 2011), might also be helpful to shed light on how the state 

should redirect its focus from economic to environmental concerns in order to govern the 

tourism industry better. This may result in more AI-based innovations with positive impacts on 

environmental sustainability. Should these theories be applied well, it is to be expected that 

the three quadrants (i.e. circle, star, and triangle) in the AI4GoodTourism framework will be 

improved.

From the micro perspective, tourism scholars and practitioners should strive to invent, develop, 

and adopt AI-based technological innovations that are not only sustainability-oriented but can 

involve a significant number of tourists in achieving their goals (Dolnicar, 2020). For instance, 

ChatGPT may allow scholars and practitioners to enhance the capabilities of AI-based innovations 

identified as having low sustainability inclusion but high tourist involvement, such as robo-desk 

(e.g. Yoganathan et  al., 2021), by enabling the technologies to educate the tourists on how to 

become more sustainable while travelling (Loureiro et  al., 2022). This application would employ 

“nudge theory” to change the tourists’ behaviour by using messages without significantly 

changing the economic incentives (Thaler & Sunstein, 2008). In addition, there is a need for 

exploring the implications of AI-based innovation for post-adoption behaviours and potential 

spillover effects of pro-environment behaviours in order to improve sustainability inclusion in 

line with promoting tourist involvement.

From the methodological perspective, innovative tools such as biometric research using 

AI-powered software like iMotions (Tussyadiah & Park, 2018) could help to advance efforts to 

make automation intelligent and influence tourist behaviour and attitudes toward sustainability. 

Extant research has focused on behavioural intentions and perceptions and actual behavourial 

outcomes need to be examined further to capture the real impact of AI-based innovation on 

sustainable tourism. Therefore, harnessing the power of different methodological lenses in 

computation, experimental design, and both quantitative and qualitative approaches is war-

ranted to ensure the production of successful automation and users’ acceptance of new 
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technological innovations. This will advance knowledge about the best way of developing 

AI-based innovations and their theoretical groundings in the field of sustainable tourism.

Furthermore, informed by the disciplinary collaborations shown in Figure 4, this paper high-

lights the importance of identifying potential collaborations when seeking to develop and 

implement AI-based technologies with high levels of sustainability and tourist involvement. 

Figure 4b shows that disciplines such as psychology, sustainability, communication, and envi-

ronmental sciences are still at an early stage in their involvement in intelligent automation in 

tourism research. The expertise of those working in these disciplines would benefit scholars 

and practitioners from computer science, information technology, or tourism backgrounds in 

enabling them to develop technology that could have substantial sustainability implications. 

The technology will have positive implications for the tourist involvement dimensions and 

significantly impact the tourists (e.g. Pereira-Doel et  al., 2019).

Non-academic institutes (e.g. Commonwealth bank in Herse et  al., 2018) and scholars from 

disciplines such as physics, mathematics, health and medical science can be invited to advance 

research in this area further. The topics might include how AI can improve forecasting methods 

(e.g. Zhang et  al., 2021) or how AI can enhance the tourist experience in the field of medical 

tourism (Viladrich & baron-Faust, 2014). These topics are strongly relevant since COVID-19 has 

unveiled how unprepared the tourism industry was when facing the crisis (Yang et  al., 2021). 

Moving forward, the ongoing energy crisis and climate change (Scott & Gössling, 2022) will 

most likely serve as the ultimate catalyst for further research on AI for sustainability in tourism 

and become the next research focus after COVID-19 (see Figure 3).

For example, promoting electric vehicles in tourism, whether waterborne (Rong et  al., 2020) 

or driverless cars (Tan & Lin, 2020), would lead the industry towards environmental sustainability. 

Prideaux and Yin (2019) emphasised the need for tourism academics to lead the sector towards 

low-carbon tourism mobility. Research has estimated that there will be a reduction of 4.7 billion 

tonnes of carbon emissions if 90% of cars are electric by 2040 (Prideaux & Yin, 2019). To achieve 

this, contributions from less represented fields of research and disciplines such as computer 

vision, Internet-of-Things, mechanical engineering, transportation, consumer sciences, statistics, 

and mathematics would be vital for helping tourism stakeholders introduce more electric vehi-

cles. Roboat, the waterborne autonomous vehicle (Rong et  al., 2020), is an excellent example 

of collaboration between scholars with diverse expertise benefitting the tourism industry. With 

the emergence of such technologies, further research should be carried out to investigate how 

tourists would adopt such new vehicle types. It will then be possible to consider the positive 

impact of such innovations towards environmental sustainability.

Academics with sustainable tourism expertise should lead in forming collaborations with 

other disciplines to address issues relating to developing sustainable tourism. Camatti et  al. 

(2020) aimed to tackle overtourism issues in cooperation with scholars from the fields of eco-

nomics and geography. undoubtedly, managing overtourism would have implications for the 

area’s economy (e.g. by directing tourists to other less busy areas) and need high-precision 

geolocation mapping to propose the best solution. In the post-COVID-19 era, overtourism can 

be related to health and safety concerns. AI applications could help to identify the best ways 

to achieve efficient crowd management and destination planning. Developing AI solutions to 

mitigate risks such as unpredictable viral epidemics would significantly impact the social sus-

tainability dimensions, as the solutions would save people’s lives. Such endeavours may involve 

scholars from natural sciences, health and medical sciences, and even food science.

Lastly, future scholars can reflect on three unaddressed aims for the sustainable tourism agenda 

(uNEP & uNWTO, 2005), including Social Equity, Local Control and biological Diversity. The Social 

Equity aim can be addressed with AI-based innovations created to serve disadvantaged people and 

marginalised communities (Khazaei et  al., 2015) and support social tourism programmes, such as 

voluntourism and community-based tourism. The Local Control aim may be covered in AI-based 

innovations that would allow local indigenous communities more control over their resources, enabling 
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more equitable development of communities (Jamal & Watt, 2011). Scholars can address the biological 

Diversity aim by inventing AI-based solutions that would help safeguard biodiversity and natural 

areas in tourist destinations. One noticeable pattern reveals that these three issues would benefit 

from the expertise of less-represented disciplines, such as anthropology, gender studies, public gov-

ernance, and journalism. Such interdisciplinary works, with stakeholder-inclusive and participatory 

design approaches, are essential for determining better-promoting solutions for sustainability problems 

(Zhang et  al., 2020). To this end, the framework introduced by uNEP and uNWTO (2005) has been 

useful for mapping the need for AI solutions to help accomplish the proposed sustainable tourism 

actions in the intelligent automation era.

Overall, this paper makes two significant contributions. On the theoretical front, scholars 

whose research interests are in the intersection between tourism, technology, and sustainability 

will benefit from the sustainability transition pathways, AI4GoodTourism framework. The frame-

work theoretically suggests the types of AI-based innovations that can be investigated in future 

research. Recommendations for potential disciplinary collaboration proposed in this paper will 

further guide scholars in pursuing the proposed research directions. On the practical front, 

practitioners such as destination managers, business leaders, and technology developers might 

use the research findings to drive the future development and adoption of AI solutions. They 

need to develop AI solutions strategically by focusing on their impact on sustainability and 

tourists. The sustainability transition pathways can act as a framework to guide the transition 

of the tourism industry to sustainability through intelligent automation. These contributions 

respond to the call for a new framework to drive technology adoption and promote sustain-

ability in tourism (Yang et  al., 2021). Concerning the SDGs, the overall discussion presented in 

this paper reflects, but is not limited to, SDG9 (Innovation), SDG13 (Climate Action), and SDG17 

(Partnership for the Goals). Finally, this paper calls for future research on how intelligent auto-

mation can address sustainability challenges in the tourism industry.
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