
Article Not peer-reviewed version

The Future Is in Sustainable Urban

Tourism: Technological Innovations,

Emerging Mobility Systems and Their

Role in Shaping Smart Cities

Aleksandra Vujko * , Miroslav Knežević , Martina Arsić

Posted Date: 9 April 2025

doi: 10.20944/preprints202504.0777.v1

Keywords: smart tourism; smart city technologies; urban mobility; digital enhancement; sustainability

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/412040
https://sciprofiles.com/profile/3316138
https://sciprofiles.com/profile/3802261


Article 

The Future Is in Sustainable Urban Tourism: 
Technological Innovations, Emerging Mobility 
Systems and Their Role in Shaping Smart Cities 
Aleksandra Vujko *, Miroslav Knežević and Martina Arsić 

Faculty of Tourism and Hospitality Management, Singidunum University, 11000 Belgrade, Serbia; 
martina.arsic.23@singimail.rs (M.A.); mknezevic@singidunum.ac.rs (M.K.) 
* Correspondence: avujko@singidunum.ac.rs

Abstract: The research focuses on the impact of smart city technologies on urban tourism, specifically 
analyzing Amsterdam, Barcelona, and Vienna, while also considering implications for smart tourism 
development in Belgrade and other Serbian cities. A representative sample of 1239 tourists was 
surveyed, with a balanced gender representation and a predominance of younger respondents, 
indicating that smart tourism initiatives should cater to tech-savvy travelers. The study employed a 
questionnaire with 31 statements ranked on a five-point Likert scale, and factor analysis identified 
three key dimensions: Smart Efficiency, Smart Travel, and Digital Enhancement. These factors 
highlight how smart technologies optimize urban mobility, enhance travel experiences, and improve 
tourist engagement. The research confirms the initial hypothesis that integrating smart city 
technologies enhances urban tourism efficiency and sustainability. Additionally, the study adopts a 
positivist epistemological approach, emphasizing empirical analysis and statistical validation to 
derive generalizable findings. The results provide valuable insights for policymakers and 
stakeholders aiming to develop sustainable urban tourism strategies in Serbian cities. 

Keywords: smart tourism; smart city technologies; urban mobility; digital enhancement; 
sustainability 

1. Introduction

Technological innovations have significantly transformed sustainable urban tourism, enhancing
the overall visitor experience while promoting eco-friendly practices [1,2]. Smart technologies, such 
as the Internet of Things (IoT), are being employed to streamline operations and provide information 
that enhances visitor engagement [3]. The intersection of technological innovations and emerging 
mobility systems plays a critical role in shaping smart cities that are environmentally responsible and 
economically viable [4]. The allure of smart cities for tourists lies in their multifaceted approach to 
urban living, characterized by enhanced connectivity, innovative amenities, and a strong emphasis 
on sustainability and safety [5]. By integrating advanced technologies into their infrastructure and 
services, these cities not only improve the overall travel experience but also cater to the evolving 
preferences of contemporary travelers [6]. As more cities embrace the principles of smart urban 
development, it is evident that the future of tourism will increasingly be intertwined with the 
capabilities and offerings of smart cities, making them desirable destinations for travelers seeking 
convenience, innovation, and a commitment to sustainability [7]. By examining these elements in 
detail, it becomes evident that the future of urban tourism lies in the synergy between technological 
advancements and sustainable practices, paving the way for cities that cater to both residents and 
tourists alike [8]. 

According to Tavmen [9], mobile applications equipped with real-time navigation and 
information about public transportation options have become essential tools for tourists, with 
platforms such as Citymapper providing seamless updates to help visitors navigate urban landscapes 
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efficiently. These technological advancements not only enhance the visitor experience but also 
encourage more sustainable behaviors, as they reduce reliance on traditional forms of tourism that 
may contribute to congestion and environmental degradation [10]. Emerging mobility systems are 
fundamentally reshaping urban tourism by offering integrated solutions that connect public 
transportation services with tourism [11–13]. The trend towards multi-modal transport systems is 
indicative of a growing recognition of the need for seamless travel experiences [14]. According to 
Shamsuzzoha et al., [15] Cities like Singapore, Helsinki and London have successfully implemented 
integrated transport solutions that allow tourists to move effortlessly between different modes of 
transportation—such as buses, trains, and bike-sharing systems—using a single payment method 
[16]. This integration not only simplifies the travel experience but also encourages the use of public 
transportation over private vehicles, reducing the carbon footprint associated with tourism [17]. 
According to Chen [18], the development of dedicated tourist transportation services, such as hop-
on-hop-off buses or guided cycling tours, exemplifies how cities can create personalized experiences 
that highlight local attractions while promoting sustainable travel options. According to Lee & Liao 
[19] Case studies of cities that have embraced these emerging mobility systems demonstrate their 
effectiveness in enhancing urban tourism, fostering a more interconnected and environmentally 
conscious travel landscape. 

The role of smart cities in shaping sustainable urban tourism extends beyond technological 
innovations and mobility systems; it encompasses comprehensive urban planning and infrastructure 
development tailored to the needs of both residents and tourists [20]. Effective urban planning 
prioritizes the creation of public spaces that are inviting and accessible, integrating parks, plazas, and 
cultural sites into the urban fabric [21]. According to Sevtsuk & Alhassan [22], the transformation of 
New York City’s Times Square into a pedestrian-friendly zone illustrates the potential of urban 
design to enhance the visitor experience while benefiting local communities. According to Russo [23], 
the implementation of green spaces and sustainable architecture is crucial in promoting eco-friendly 
tourism practices. Cities like Copenhagen have set a benchmark with their commitment to 
sustainability, featuring green roofs, energy-efficient buildings, and extensive cycling infrastructure 
[24]. Such initiatives not only attract environmentally conscious tourists but also improve the quality 
of life for residents [25–27]. By designing urban environments that prioritize sustainability, cities can 
foster a tourism model that supports local economies while protecting the environment for future 
generations [28,29].  

This study examines the impact of smart city technologies on urban tourism, focusing on their 
role in enhancing efficiency, digital engagement, and overall traveler satisfaction. The research is 
based on an initial hypothesis H that the integration of smart city solutions contributes to a seamless 
and sustainable smart tourism ecosystem, positioning smart tourism as the future of urban tourism. 
A sample of 1,239 tourists from three major European urban centers—Amsterdam, Barcelona, and 
Vienna—was analyzed to assess the extent to which smart technologies influence tourism dynamics. 
The findings highlight three key dimensions: Smart Efficiency, Smart Travel, and Digital 
Enhancement, which collectively account for 87.003% of the total variance in urban tourism 
experiences. Smart Efficiency pertains to the optimization of urban mobility and travel planning 
through technology, thereby improving the overall tourist experience. Smart Travel encompasses the 
integration of advanced digital solutions that enhance safety, interactivity, and sustainability in 
urban tourism. Digital Enhancement underscores the significance of digital infrastructure 
investments and personalized services in meeting the evolving needs of modern travelers. A 
Structural Equation Model (SEM) further illustrates the interdependence of these factors, revealing 
that Smart Efficiency has a significant influence on Smart Travel, while Digital Enhancement drives 
further investment in smart city technologies despite existing challenges. 

Amsterdam, Barcelona, and Vienna serve as exemplary models of smart urban tourism, 
demonstrating the effectiveness of integrated digital solutions in improving city experiences. 
Amsterdam’s smart energy grids and cycling infrastructure promote sustainability [30–32], while 
Barcelona’s intelligent waste management and environmental monitoring systems foster community 
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engagement [33]. Vienna's efficient public transport networks and citizen-inclusive digital platforms 
showcase the potential of technology-driven urban planning [34,35]. The study's primary objective is 
to apply these insights to the development of smart tourism in Belgrade and other Serbian cities, 
addressing key challenges such as fragmented digital infrastructure, limited integration of smart 
technologies, concerns over data privacy, and financial constraints. The results emphasize that 
sustainable urban tourism cannot be achieved without a dedicated commitment to smart tourism 
development. By demonstrating the benefits of smart city technologies to policymakers and 
stakeholders, this research advocates for the systematic implementation of smart tourism strategies 
to enhance the competitiveness, sustainability, and overall experience of urban destinations in Serbia. 

2. Literature Review 

The concept of smart cities has emerged as a transformative approach to urban development, 
aiming to enhance the quality of life for residents while promoting sustainable practices [36]. 
Characterized by the integration of advanced technologies, smart cities leverage data and 
connectivity to optimize urban services and citizen engagement [37]. As urbanization accelerates 
globally—over half of the world's population now lives in cities—the need for innovative solutions 
to address urban challenges becomes increasingly urgent [38]. Smart cities are defined as urban areas 
that utilize digital technology and data-driven solutions to improve the quality of life for their 
residents [39]. Key characteristics include technology integration, sustainability, and active citizen 
engagement. Technology integration involves the seamless use of information and communication 
technologies (ICT) to manage city resources and services effectively [40,41]. According to 
Prateeppornnarong [42], cities like Barcelona have adopted integrated systems that connect 
transportation, energy, and public services, allowing for real-time data sharing and responsiveness 
[43]. Sustainability is another cornerstone of smart city initiatives, as cities strive to minimize their 
ecological footprint through energy-efficient buildings, renewable energy sources, and green spaces 
[44]. According to Suhardono et al., [45], citizen engagement is fundamental to the smart city model, 
as it encourages active participation in decision-making processes and fosters a sense of community 
ownership. The city of Amsterdam exemplifies this characteristic through its citizen-centric 
approach, which includes initiatives that involve residents in urban planning and development 
projects, thereby enhancing civic responsibility and social cohesion [46,47]. According to Riepl et al., 
[48] Vienna stands out as a smart city leader by integrating digital innovation, sustainability, and 
citizen participation into urban planning. The city's holistic approach ensures efficient public 
services, eco-friendly infrastructure, and an inclusive governance model, making it a benchmark for 
other cities aiming to enhance urban life through smart technologies [49]. 

The development of smart cities is heavily reliant on various technologies that facilitate efficient 
urban management. One of the most pivotal technologies is the Internet of Things (IoT), which 
encompasses a network of interconnected devices that communicate and exchange data [50]. 
According to Chiradeja & Yoomak [51]., smart sensors deployed in public spaces can monitor traffic 
patterns, air quality, and energy consumption, providing city planners with valuable insights for 
informed decision-making. According to Liu et al., [52], big data analytics plays a crucial role in 
resource allocation and strategic planning, enabling municipalities to analyze vast amounts of data 
collected from various sources to identify trends and optimize services. According to Olivier et al., 
[53], New York City uses data analytics to enhance its public transportation systems, allowing for 
more efficient routing and scheduling based on real-time commuter patterns. Furthermore, smart 
infrastructure—encompassing transportation, energy, and waste management systems—is essential 
for the functionality of smart cities. Initiatives such as smart grids that optimize energy distribution 
and intelligent waste management systems that monitor waste levels demonstrate how technology 
can lead to more sustainable urban environments [54].  

The concept of smart cities has emerged as a transformative phenomenon in urban development, 
blending technology with urban living to enhance the quality of life for residents and visitors alike. 
One of the most compelling reasons tourists gravitate towards smart cities is the enhanced 
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connectivity and accessibility they offer. The integration of advanced transportation systems, such as 
automated public transit options, electric vehicle charging stations, and bike-sharing programs, 
allows visitors to navigate urban landscapes with ease [55]. According to Xanthopoulos et al., [56], 
cities like Amsterdam have successfully implemented integrated transportation hubs, where 
travelers can effortlessly transfer between buses, trams, and trains while utilizing real-time data 
applications to plan their journeys efficiently. These mobile applications provide crucial information, 
such as live updates on transit schedules and traffic conditions, which not only saves time but also 
enhances the overall travel experience [57]. According to Bösehans et all., [58], smart cities are 
increasingly improving public transportation options through the introduction of electric buses and 
autonomous shuttles, reducing wait times and increasing reliability. This emphasis on connectivity 
ensures that tourists can explore various attractions without the stress typically associated with urban 
travel, making their stay both enjoyable and convenient [59,60]. 

In addition to enhanced connectivity, smart cities provide innovative amenities and services that 
cater to the diverse needs of modern tourists. Smart accommodation options, such as hotels equipped 
with high-tech features like keyless entry, personalized room settings, and voice-activated assistants, 
offer guests a unique and luxurious experience [61]. According to Diwan [62], hotels in smart cities 
often leverage Internet of Things (IoT) technology to allow guests to control lighting, temperature, 
and entertainment systems directly from their smartphones. Moreover, the availability of smart 
public services, such as efficient waste management and energy-efficient buildings, contributes to the 
overall attractiveness of these urban environments [63]. Tourists can enjoy clean and well-maintained 
public spaces, which enhance their overall experience. According to Li et al., [64], smart cities often 
leverage digital platforms to provide access to entertainment and cultural experiences, enabling 
visitors to explore local art, cuisine, and history through augmented reality applications or virtual 
tours. This innovative approach not only enriches the tourist experience but also empowers travelers 
to engage with the local culture in meaningful ways [65]. 

Sustainability and safety are paramount in the appeal of smart cities, as they increasingly 
prioritize eco-friendly practices and advanced safety measures. The implementation of green spaces, 
such as urban parks and community gardens, not only enhances the aesthetic appeal of these cities 
but also promotes biodiversity and environmental sustainability. Initiatives like green roofs and 
solar-powered buildings contribute to reducing the urban heat island effect and lowering energy 
consumption, which resonate strongly with environmentally-conscious travelers [66]. According to 
Zakaria & Yusof [67], smart cities employ enhanced safety measures through smart surveillance 
systems and emergency services that utilize real-time data analytics to respond swiftly to incidents. 
According to Bolívar et al., [68], cities like Barcelona have integrated smart streetlights that can detect 
unusual activity and alert local authorities. This commitment to safety fosters a sense of security 
among tourists, allowing them to explore the city with peace of mind [69].  

3. Materials and Methods 

The subject of this research wasThe Role of Smart City Technologies in Enhancing Urban 
Tourism: A Comparative Analysis of Amsterdam, Barcelona, and Vienna with Implications for Smart 
Tourism Development in Belgrade and Serbian Cities. It accurately reflects the study's focus on the 
impact of smart city technologies on urban tourism, using Amsterdam, Barcelona, and Vienna as case 
studies, while also considering their implications for the development of smart tourism in Belgrade 
and other Serbian cities. 

According to Ahmed (2024), the ideal sample size for cities such as Amsterdam (about 20 million 
tourists annually), Vienna (about 8 million tourists annually) and Barcelona (about 10 million tourists 
annually), (Confidence level of 95% and Margin of error of 5%), is between 385 and 400 respondents 
per city. Therefore, the samples of 441 respondents from Amsterdam, 395 respondents from Vienna 
and 403 respondents from Barcelona are sufficient and representative. The sample consists of 45.0% 
male (n = 557) and 55.0% female (n = 682) respondents, indicating a slight predominance of female 
participants in the study. This balanced gender representation suggests that the findings can be 
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generalized across both male and female tourists with minimal gender bias. The largest proportion 
of respondents belongs to the 18-24 age group (56.3%), followed by 25-34 years (14.7%). The 
representation of older age groups gradually decreases, with only 8.7% of respondents aged 65 and 
above. This suggests that younger tourists, particularly those under 35, form the dominant 
demographic engaging with smart city technologies in urban tourism. The lower participation of 
older age groups may indicate either reduced travel frequency among seniors or potential differences 
in digital engagement with smart city solutions. Most respondents have completed secondary 
education (46.7%) or higher education (39.0%), while 10.4% hold a master's or doctoral degree. A 
smaller proportion (3.9%) has only primary education. The high representation of individuals with 
at least secondary education suggests that the sample is relatively well-educated, which may 
influence their familiarity and interaction with smart city technologies in tourism. 

Given that more than 70% of the sample is under 35 years old, smart tourism initiatives should 
be designed with younger, tech-savvy travelers in mind, emphasizing mobile applications, 
interactive digital platforms, and AI-driven solutions. The slight predominance of female tourists 
suggests that smart city solutions should cater equally to both genders, potentially considering 
aspects such as safety in urban travel and accessibility. With a high proportion of well-educated 
respondents, there is a strong potential for digital literacy and openness to advanced smart city 
technologies, which could be leveraged for personalized tourism experiences. Overall, the 
demographic structure of the sample suggests that urban smart tourism strategies should be youth-
oriented, highly digitalized, and accessible to an educated audience, while also ensuring inclusivity 
for older and less tech-savvy travelers. 

The paper started from the initial hypothesis H that the integration of smart city technologies 
enhances the efficiency, travel experience, and digital engagement of tourists, ultimately shaping a 
seamless and sustainable smart tourism ecosystem, indicating that the future of urban tourism lies in 
sustainable smart tourism. In order to prove the initial hypothesis, it was necessary to conduct 
research on a representative sample of respondents. The authors constructed a questionnaire of 31 
statements to which it was necessary to rank the answers on a five-point Likert scale (1- strongly 
disagree; 5 - Strongly agree). The research lasted from March 2024 to March 2025, and the authors 
stayed in these cities on several occasions. Respondents were sent a questionnaire via email through 
the reception of the hotels where the authors were staying (over 20 hotels).  

The study employed factor analysis to identify key dimensions that characterize the impact of 
smart city technologies on urban tourism. After analyzing the data, the responses were grouped into 
three distinct factors: Smart Efficiency, Smart Travel, and Digital Enhancement. These factors 
represent the underlying structure of tourist perceptions regarding the role of smart technologies in 
enhancing urban travel experiences. Smart Efficiency encompasses the ways in which smart city 
solutions optimize urban mobility, improve trip planning, and enhance the overall efficiency of 
travel. Smart Travel reflects the integration of advanced technological solutions that contribute to a 
safer, more interactive, and sustainable urban tourism experience. Digital Enhancement highlights 
the role of digital infrastructure and personalized services in shaping tourist engagement and 
satisfaction. By applying factor analysis, the study was able to reduce the complexity of the dataset 
while identifying meaningful patterns in tourist experiences.  Χ𝑖 = 𝜆1𝐹1 + 𝜆2𝐹2 + 𝜆3𝐹3 + 𝜀𝑖 
where Χ𝑖 represents observed variables, λ are factor loadings, F are the extracted factors and 𝜀 is 
the error term. 

This statistical approach confirmed that the selected factors explain a significant portion of the 
variance in how tourists perceive and interact with smart city technologies. The findings provide a 
robust framework for understanding the relationship between technology and urban tourism, 
enabling further exploration of the interconnections between these factors through Structural 
Equation Modeling (SEM). Ultimately, this methodological approach strengthens the study’s 
conclusions by ensuring that the identified dimensions are data-driven and statistically validated. 
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Y=βX+ζY 

where Y (Dependent Variable) is the outcome variable being studied, meaning the factor or concept 
influenced by the independent variables. In our research, Y could represent overall smart tourism 
development, tourist satisfaction, or another key outcome related to smart city technologies in urban 
tourism; X (Independent Variables) – These are the predictors or explanatory variables that influence 
Y. In our study, X likely represents the three identified factors: Smart Efficiency, Smart Travel, and 
Digital Enhancement; β (Path Coefficient) – This coefficient represents the strength and direction of 
the relationship between the independent variables (X) and the dependent variable (Y). Higher β 
values indicate a stronger influence; ζ (Error Term) – This accounts for the unexplained variance in 
Y, meaning the portion of the dependent variable that is not predicted by X due to measurement 
errors, unobserved factors, or random variation. 

Y=β1(Smart Efficiency)+β2(Smart Travel)+β3(Digital Enhancement)+ζY 

where: Y could be overall smart tourism experience or urban tourism efficiency. β1, β2, β3 are the 
respective path coefficients measuring how strongly each factor influences the dependent variable. ζ 
captures other unmeasured influences on Y. 

Extracting the key factors, imposed three key questions: 

- How does Smart Efficiency influence the convenience and planning of urban tourism? 
- What is the effect of Smart Travel on the overall experience and satisfaction of tourists? 
- In what ways does Digital Enhancement contribute to the personalization and accessibility of 

tourism services? 
In order to get answers to these questions, it was necessary to construct three sub-hypotheses of 

the work: 

- H1: Smart mobility and seamless planning technologies significantly enhance tourists' travel 
efficiency and overall experience in urban destinations. 

- H2: Digital enhancements, including interactive and personalized services, positively impact 
tourist satisfaction and engagement. 

- H3: Investments in digital infrastructure and secure smart tourism applications increase tourists' 
trust and willingness to use smart city services. 
The epistemological approach adopted in this study aligns with positivism, as it emphasizes 

scientific explanation through empirical analysis and statistical validation. The research is structured 
around a clearly defined hypothesis, testing the assumption that the integration of smart city 
technologies enhances urban tourism efficiency, digital engagement, and sustainability. By 
employing a quantitative methodology, including factor analysis and Structural Equation Modeling 
(SEM) on a sample of 1,239 tourists from Amsterdam, Barcelona, and Vienna, the study aims to 
establish objective and generalizable findings. A core characteristic of positivism is its focus on cause-
effect relationships, which is evident in the study’s analysis of how smart city technologies influence 
urban tourism dynamics. The identification of key dimensions—Smart Efficiency, Smart Travel, and 
Digital Enhancement—further supports this explanatory framework, demonstrating how 
technological integration shapes the tourist experience. The study also follows a nomothetic 
approach, seeking to derive universal principles from best practices in leading European smart cities 
and applying them to Belgrade and other Serbian cities. Given the emphasis on measurable variables, 
statistical validation, and generalizable conclusions, the positivist epistemological stance is the most 
appropriate for this research. It enables a rigorous, evidence-based assessment of smart city 
technologies in tourism, providing policymakers and stakeholders with actionable insights for 
sustainable urban tourism development. 

4. Results 
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The results of the factor analysis (refer to Table 1) produced a model that classifies the variables 
into three distinct factors, which together represent 87.003% of the total variance. As illustrated in 
Table 2, the presence of an Eigenvalue greater than 1 for these three factors serves as evidence that 
the extracted factors are both adequate and sufficient. 

Table 1. Total variance expleined. 

Factor
Initial Eigenvalues Extraction Sums of Squared 

Loadings 
Rotation Sums of Squared 

Loadings 

Total % of 
Variance 

Cumulative 
% 

Total % of 
Variance 

Cumulative 
% 

Total % of 
Variance 

Cumulative 
% 

1 5,247 52,468 52,468 2,034 20,338 20,338 4,655 46,549 46,549 
2 2,340 23,404 75,872 4,892 48,919 69,257 1,782 17,821 64,370 
3 1,113 11,131 87,002 1,252 12,515 81,772 1,740 17,402 81,772 
4 ,384 3,838 90,840       
5 ,275 2,749 93,589       
6 ,256 2,561 96,150       
7 ,167 1,674 97,825       
8 ,099 ,986 98,810       
9 ,077 ,766 99,576       

10 ,042 ,424 100,000       

Table 2 shows the extracted factors. The singled-out factors are as follows: F1. Smart Efficiency, 
F2. Smart Travel, and F3. Digital Enhancement. 

Table 2. Factor matrix. 

 
Factors 

Factor 1Factor 2Factor 3 
Enhanced Travel -,029 ,893 ,077 
Digital Enhancement ,015 ,837 ,039 
Secure Travel -,043 ,798 ,068 
Digital Investment ,425 ,322 ,735 
Efficient Mobility ,999 -,002 -,004 
Interactive Experience -,005 ,981 -,095 
Seamless Planning ,865 ,067 -,064 
Instant Access ,021 ,942 -,104 
Personalized Services ,317 ,327 ,820 
Sustainable Innovation -,040 ,832 ,038 

Factor 1: Smart Efficiency refers to the role of smart technologies in enhancing the overall 
efficiency of urban systems, particularly in the context of tourism. This factor consists of two key 
elements: Efficient Mobility and Seamless Planning, both of which help improve the travel experience 
in smart cities. Efficient Mobility: Smart technologies in cities contribute to efficient mobility by 
offering time-saving services. These technologies make it easier for tourists to navigate urban 
environments with minimal delays. For example, smart systems provide easy access to information, 
such as real-time updates on public transportation schedules and availability. This reduces wait times 
for various modes of transport, like buses, trams, and trains. By optimizing transport schedules and 
routes, tourists spend less time waiting and more time enjoying their visit, enhancing the overall 
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efficiency of the city's mobility system. Seamless Planning: Seamless planning refers to how smart 
city technologies assist tourists in organizing and managing their trips more effectively. Real-time 
information about key travel aspects, such as flight statuses, hotel availability, and public transport 
options, enables tourists to plan their journeys with ease. With integrated smart systems, travelers 
can check the status of flights, make hotel bookings, and adjust plans on the go, all through accessible 
digital platforms. This integration of real-time data ensures that tourists can manage their trips 
smoothly, reducing the likelihood of disruptions and helping them make the most of their time in the 
city. Together, these elements of Smart Efficiency contribute to making urban tourism more 
convenient, time-efficient, and stress-free. By utilizing technologies that streamline transportation 
and planning, cities create a more enjoyable and seamless experience for visitors, which aligns with 
the goal of sustainable urban tourism. Moreover, optimizing mobility and planning through smart 
technologies helps reduce congestion and improve the sustainability of urban environments. 

Factor 2: Smart Travel focuses on how the integration of advanced technologies in cities 
enhances the overall travel experience for tourists. This factor includes several key elements, such as 
improved travel enjoyment, digital enhancements, security, interactivity, convenience, and 
sustainability, all driven by smart technologies. Enhanced Travel (v6): Smart technologies make 
travel more enjoyable by adding convenience and excitement to the experience. Whether through 
smoother transportation options or personalized recommendations, these technologies help create a 
more comfortable and pleasant trip. Digital Enhancement: Digital tools, such as mobile apps for 
booking, virtual assistants, and augmented reality tours, enrich the quality of the trip. These tools 
provide tourists with easy access to essential information, help with navigation, and even offer 
immersive experiences, elevating the overall enjoyment of the destination. Secure Travel: With the 
rise of digital tools, trust in security has become crucial. Smart city technologies ensure that personal 
data is handled securely, which increases tourists’ confidence in using digital services like online 
bookings or location-based tools. Tourists feel reassured knowing that their information is protected 
through measures such as data encryption and privacy protocols. Interactive Experience: Smart 
tourism services, such as interactive museums, virtual tours, and smart exhibits, provide tourists with 
an engaging and educational experience. These technologies allow for a deeper connection to the 
city’s culture and history, offering experiences that are more dynamic and personalized compared to 
traditional methods. Instant Access: The ability to access real-time information via mobile apps or 
websites significantly improves the convenience of traveling. Tourists can quickly find relevant 
details such as transportation schedules, restaurant recommendations, or local events, making their 
trip more efficient and less stressful. Sustainable Innovation: Smart city technologies not only 
improve the travel experience but also contribute to the sustainability of tourism. Innovations such 
as energy-efficient buildings, eco-friendly transportation options, and waste reduction systems help 
reduce the environmental footprint of tourism, aligning with the growing demand for responsible 
and sustainable travel. Together, these elements of Smart Travel highlight how technological 
advancements can enhance the travel experience by making it more enjoyable, secure, interactive, 
convenient, and sustainable. Through the use of smart tools and services, tourists can enjoy a more 
seamless, efficient, and immersive journey, while cities can promote sustainable tourism practices 
that benefit both the environment and the local economy. 

Factor 3: Digital Enhancement refers to the role of digital technologies in improving the tourism 
experience by providing more tailored, accessible, and convenient services. This factor emphasizes 
the importance of investing in digital infrastructure and offering personalized experiences that 
leverage smart technologies. Digital Investment: This element highlights the need for cities to invest 
in robust digital infrastructure to enhance the tourist experience. By improving access to digital tools 
like Wi-Fi networks, smart hotel services, and digital tour guides, cities can ensure that tourists have 
the connectivity and support they need throughout their visit. This investment in digital 
infrastructure creates a more seamless and enjoyable travel experience, enabling tourists to access 
essential services and information with ease. Personalized Services: Smart cities can offer 
personalized services that cater to the individual preferences of tourists. By utilizing data analytics, 
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AI, and other technologies, cities can provide tailored recommendations, customized itineraries, and 
other personalized features that make a trip more meaningful and unique. These services enhance 
the overall travel experience by making it easier for tourists to discover what they truly enjoy, 
whether it's specific attractions, local events, or dining options. Together, these elements of Digital 
Enhancement highlight the critical role of digital infrastructure and personalized services in modern 
tourism. By investing in advanced digital tools and creating customized experiences, cities can meet 
the diverse needs of tourists, improve convenience, and foster a deeper connection to the destination. 

Smart city technologies significantly shape the modern travel experience by influencing 
efficiency, digital enhancement, and overall travel satisfaction. The Structural Equation Model (SEM) 
represents how different factors interact, showing direct and indirect causal relationships (Figure 1). 
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Figure 1. Structural Equation Modeling (SEM). Source: Prepared by the authors (2025). 

Smart Travel (F2) enhances Smart Efficiency (F1). 
- When tourists perceive that smart technologies (such as mobile apps, interactive services, and 

real-time updates) improve their overall travel experience, they also find travel more efficient. 
- Cause: Tourists enjoy enhanced travel experiences through digital services (F2). 
- Effect: They experience greater efficiency in mobility and planning (F1). 
- Example: A visitor who uses real-time transport apps (ET, IA) faces shorter waiting times, 

making their trip smoother (EM, SP). 
Smart Travel (F2) increases demand for Digital Enhancement (F3). 

- A positive perception of smart technologies encourages travelers to expect and support further 
digital investments. 

- Cause: When smart city solutions (such as virtual tours, AI-driven recommendations, or 
seamless payment systems) enhance the travel experience (F2), tourists value these innovations. 

- Effect: They demand more investment in digital infrastructure (DI) and expect more 
personalized services (PS). 

- Example: A traveler who enjoys an interactive museum experience (IE) may later expect similar 
innovations in other cities, increasing their preference for smart tourism investments. 
Smart Efficiency (F1) and Digital Enhancement (F3) reinforce each other. 

- As cities invest in digital infrastructure, travel efficiency improves, creating a positive feedback 
loop. 

- Cause: When digital services provide seamless and personalized experiences (F3), travelers 
experience smoother mobility and trip planning (F1). 

- Effect: As travelers find transport and planning more efficient (F1), they support continued 
digital innovation (F3). 

- Example: A smart city that improves Wi-Fi coverage and app integration (DI) enhances trip 
efficiency (EM, SP), leading tourists to expect even better digital services. 
This model shows that Smart Travel (F2) is the central driver of smart city tourism. Tourists who 

enjoy smart travel solutions: 
- Find travel more efficient (F1). 
- Advocate for more digital investment (F3). 
- Expect a continuously improving smart tourism ecosystem. 

Over time, higher digital investment (F3) leads to better efficiency (F1), which, in turn, reinforces 
the need for smart travel solutions (F2). This cycle transforms tourism into a more tech-driven, 
sustainable, and seamless experience. 

The Table 3 presents standardized regression weights from a Structural Equation Model (SEM), 
highlight the relationships between Smart Efficiency, Smart Travel, and Digital Enhancement in 
shaping the tourist experience in smart cities. The causal connections between these factors indicate 
how different elements of smart city infrastructure influence tourists' perceptions and behaviors. 

Table 3. Standardized Regression Weights: (Group number 1 - Default model). 

   Estimate 

Smart Travel <--- Digital Enhancement -1,266 

Smart Travel <--- Smart Efficiency 1,602 

Personalized Services <--- Digital Enhancement ,412 

Digital Investment <--- Digital Enhancement ,504 

Enhanced Travel <--- Smart Travel ,898 

Digital Enhancement <--- Smart Travel ,841 
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Secure Travel <--- Smart Travel ,806 

Interactive Experience <--- Smart Travel ,977 

Instant Access <--- Smart Travel ,941 

Sustainable Innovation <--- Smart Travel ,834 

Seamless Planning <--- Smart Efficiency ,853 

Efficient Mobility <--- Smart Efficiency 1,015 

4.1. The Role of Smart Efficiency in Smart Travel 

The findings show that Smart Efficiency has a strong positive impact on Smart Travel (1.602). 
This means that when tourists perceive mobility services as seamless and well-integrated, and they 
can easily plan their trips using real-time data, they tend to have a more enjoyable travel experience. 
- Cause: Efficient mobility services (e.g., well-connected transport, minimal wait times, easy-to-

use apps) and seamless trip planning 
- Effect: Travelers experience greater convenience and satisfaction, enhancing their overall 

perception of Smart Travel 
Additionally, Smart Efficiency improves trip planning (0.853), meaning that travelers who find 

urban transport and digital services efficient also find it easier to organize their journeys. 

4.2. The Paradox of Digital Enhancement 

One unexpected result is that Digital Enhancement negatively affects Smart Travel (-1.266). This 
suggests that while digital innovations like smart guides, augmented reality, and AI-based services 
can improve certain aspects of travel, they may also create overcomplexity or frustration if they are 
not well-integrated or user-friendly. 
- Cause: A high level of digital infrastructure and reliance on smart technologies 
- Effect: Instead of always improving travel, excessive digitalization might create barriers, such as 

difficulty navigating complex apps, privacy concerns, or dependence on internet connectivity 
However, Digital Enhancement has positive effects in other areas, particularly by encouraging 

Personalized Services (0.412) and further investment in smart city technologies (0.504). This means 
that travelers who have positive experiences with digital solutions tend to support the expansion of 
smart city infrastructure and expect tailored, AI-driven recommendations. 

4.3. Smart Travel Enhances Multiple Aspects of Tourism 

Once tourists perceive smart technologies as enhancing their travel experience, they begin to 
trust and rely on them more, leading to a series of positive effects: 
- Smart Travel improves Enhanced Travel (0.898) → Tourists feel that their trips are more 

convenient and enjoyable. 
- Smart Travel increases trust in Secure Travel (0.806) → If smart city services protect personal 

data and ensure safe digital transactions, travelers feel more confident using them. 
- Smart Travel boosts Interactive Experiences (0.977) → This is the strongest positive effect, 

meaning that technologies like interactive museums, augmented reality, and digital tour guides 
significantly improve tourist satisfaction. 

- Smart Travel ensures Instant Access to Information (0.941) → Travelers greatly appreciate 
having real-time access to navigation, accommodation, and cultural experiences. 

- Smart Travel promotes Sustainable Innovation (0.834) → Tourists recognize that smart city 
solutions contribute to eco-friendly travel, such as energy-efficient public transport and digital 
alternatives to printed materials. 

4.4. The Relationship Between Digital Enhancement and Smart Travel 
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While Digital Enhancement does not directly improve Smart Travel, it indirectly supports its 
development by increasing investment in digital infrastructure and personalization. This means that 
even though travelers may sometimes feel overwhelmed by digitalization, they still recognize its 
long-term benefits in shaping better travel experiences. 

The results suggest that smart city tourism development should focus on practical efficiency 
improvements rather than excessive digitalization. Key takeaways include: Smart Efficiency is the 
most critical factor for Smart Travel success. Investments should focus on real-time information, 
seamless mobility, and easy-to-use transport services; Digital solutions should be carefully designed. 
While tourists appreciate digital tools, they should enhance—not complicate—the travel experience; 
Interactive experiences and instant access to information have the highest positive impact on Smart 
Travel. Prioritizing these aspects will lead to the greatest tourist satisfaction; Sustainable smart 
solutions are well-received. Technologies that contribute to eco-friendly tourism and reduce 
environmental impact will be valued by travelers. Ultimately, a balanced approach that integrates 
efficiency, personalization, and sustainability will create the most successful smart tourism strategies 
in urban destinations. 

5. Discussion 

Amsterdam’s pioneering smart city initiatives, particularly in the realm of mobility, align 
seamlessly with the concepts of Smart Efficiency and Seamless Planning. The city has long been a 
frontrunner in integrating smart technologies to enhance urban living, with a focus on improving 
efficiency, convenience, and sustainability. Smart Efficiency is exemplified through Amsterdam’s 
implementation of smart grid technology, which allows for real-time energy management. This 
dynamic system ensures that energy demands are met efficiently, especially during peak times, by 
redistributing energy from renewable sources and reducing reliance on fossil fuels. This not only 
promotes sustainability but also enhances the overall efficiency of the city’s energy infrastructure. 
The city’s commitment to Efficient Mobility further exemplifies Smart Efficiency. Amsterdam’s 
extensive network of bike lanes and bike-sharing programs, such as OV-fiets, has reduced car 
dependency and promoted cycling as a primary mode of transportation. These initiatives provide 
efficient alternatives to traditional car travel, helping save time and reduce congestion. Furthermore, 
Amsterdam’s integration of public transport systems with cycling infrastructure encourages seamless 
transitions between modes of transport, creating a more efficient and sustainable urban mobility 
ecosystem. The GVB app’s real-time information on tram and bus schedules enables users to plan 
their trips efficiently, further contributing to time savings and reduced wait times. 

In addition, Seamless Planning is reflected in the city’s digital infrastructure, particularly 
through its use of data analytics and Internet of Things (IoT) applications. The city's real-time 
monitoring of traffic patterns, air quality, and energy consumption allows for smarter urban planning 
decisions. This data-driven approach not only optimizes city operations but also empowers residents 
and visitors to plan their trips more effectively. Amsterdam’s Amsterdam Smart City platform 
exemplifies seamless planning by allowing residents to suggest and vote on projects, fostering 
community engagement and ensuring that initiatives reflect local needs. The platform’s integration 
with other smart systems ensures that planning for transportation, energy use, and sustainability is 
more streamlined and user-centered. By embracing smart city technologies, Amsterdam has created 
an environment where Efficient Mobility and Seamless Planning are central to its urban experience, 
empowering residents and visitors with the tools to navigate the city in a time-efficient and 
sustainable manner. 

Barcelona’s approach to Smart Efficiency demonstrates how the city has strategically integrated 
technology into urban management to promote sustainability, optimize resources, and improve the 
quality of life for its residents. One of the standout features of Barcelona’s smart efficiency initiatives 
is its innovative waste management system. By deploying smart bins equipped with sensors to 
monitor waste levels, the city has been able to significantly improve waste collection operations. 
These bins communicate in real time with waste management teams, optimizing collection routes 
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based on actual need rather than fixed schedules. This not only reduces operational costs but also 
lessens the environmental impact by minimizing unnecessary trips, contributing to a cleaner, more 
sustainable city. Barcelona also exemplifies Smart Efficiency through its use of Internet of Things 
(IoT) sensors throughout the city. These sensors monitor various environmental parameters, such as 
air quality and noise pollution, offering real-time data that can be used to inform both citizens and 
city officials. By raising public awareness about pollution levels, Barcelona encourages more 
sustainable behaviors and fosters a culture of environmental responsibility among its residents. This 
transparency and engagement are key to fostering community participation in smart city initiatives. 
In addition, the city’s smart lighting system serves as another example of its commitment to energy 
efficiency. The system adjusts the brightness of streetlights based on pedestrian activity, ensuring 
that energy is used only when needed. This responsive system not only saves energy but also 
improves public safety by enhancing visibility during periods of high pedestrian traffic while 
conserving power during quieter times. 

Furthermore, Barcelona’s focus on energy-efficient buildings aligns with its broader 
sustainability goals. Many of the city’s new developments comply with rigorous energy codes, 
incorporating renewable materials and energy-efficient technologies that reduce the carbon footprint 
of construction projects. These efforts are part of Barcelona’s holistic approach to urban sustainability, 
where smart technologies and environmentally-conscious design converge to create a cleaner, safer, 
and more livable city. By combining innovative waste management, environmental monitoring, 
responsive lighting systems, and sustainable building practices, Barcelona exemplifies the power of 
Smart Efficiency in shaping a more sustainable urban future. These initiatives not only optimize city 
operations but also contribute to a higher quality of life for residents, fostering a stronger sense of 
environmental responsibility and sustainability across the community. 

Vienna’s approach to Smart Efficiency is a holistic model that integrates sustainable urban 
mobility, green infrastructure, and citizen engagement, making it a leading example of how smart 
technologies can enhance both environmental sustainability and quality of life. The city's extensive 
public transport network, including trams, buses, and metro lines, directly contributes to Efficient 
Mobility. By leveraging smart technologies, Vienna optimizes its transportation services to save time 
for commuters. Real-time information about public transport schedules, coupled with an integrated 
ticketing system, ensures that residents and visitors can easily access transportation with minimal 
wait times. This efficiency is further enhanced by Vienna’s promotion of cycling and walking, 
creating a pedestrian-friendly urban environment that reduces congestion and carbon emissions. 
These initiatives not only improve mobility but also encourage a shift toward more sustainable modes 
of transport. 

In terms of Seamless Planning, Vienna’s digital platforms, such as the Smart City App, exemplify 
how technology can streamline urban planning and decision-making processes. The app allows 
residents to provide feedback, report issues, and engage in discussions about city projects, all while 
receiving real-time updates on ongoing developments. This ensures that residents can make 
informed decisions about their trips and interactions with the city, fostering a seamless planning 
experience. Furthermore, the city's green spaces, including parks and green roofs, enhance both the 
ecological footprint of the city and the quality of life for its residents, offering recreational spaces that 
are also energy-efficient and contribute to urban biodiversity. Vienna's approach reflects a 
comprehensive vision of Smart Efficiency that not only promotes Efficient Mobility through 
sustainable transportation solutions but also enhances Seamless Planning through digital platforms 
that engage citizens in the governance process. The combination of smart transport systems, green 
infrastructure, and participatory urban planning showcases Vienna’s commitment to creating a 
sustainable, inclusive, and well-connected urban environment. 

Amsterdam's approach to Smart Travel perfectly exemplifies how cities can leverage innovative 
technologies to enhance the travel experience while promoting sustainability and convenience. As 
the cycling capital of the world, Amsterdam has seamlessly integrated cycling infrastructure with 
public transport, creating a cohesive and efficient transportation system. This integration not only 
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enhances travel but also contributes to a sustainable innovation in urban mobility. The city's extensive 
network of bike lanes and bike-sharing programs such as "OV-fiets" empower both residents and 
tourists to easily access bicycles at key locations, including train stations, which encourages a car-free 
lifestyle. This initiative supports sustainable tourism practices by providing an eco-friendly 
alternative to traditional modes of transport, aligning with the city’s commitment to reducing its 
environmental impact. Amsterdam's public transport system, which includes trams, buses, and 
ferries, further promotes efficient mobility by ensuring easy transitions between different transport 
modes. The GVB app, which provides real-time information on schedules, enhances travel by helping 
users plan their journeys with minimal waiting times and maximum convenience. This instant access 
to crucial travel information not only makes the experience more enjoyable but also improves the 
overall quality of the trip by making the city more navigable. 

Moreover, Amsterdam’s integration of smart technologies ensures secure travel by safeguarding 
personal information through data collection and privacy measures, providing tourists with peace of 
mind while using digital tools. The availability of interactive experiences, such as smart museums 
and interactive exhibits, further enriches the visitor experience, allowing for a deeper engagement 
with the city's cultural heritage and attractions. By combining smart transport systems, cycling 
infrastructure, real-time information, and secure digital tools, Amsterdam is setting a benchmark for 
smart travel that promotes enhanced travel experiences, reduces environmental impact, and 
prioritizes the convenience and safety of residents and visitors alike. This holistic approach to urban 
mobility and tourism is a prime example of how digital enhancement and sustainable innovation can 
work together to create a smarter, more enjoyable city for all. 

Barcelona's approach to Smart Travel exemplifies how the integration of technology into public 
transport systems can enhance efficiency, convenience, and user satisfaction. The city’s T-Diagonal 
integrated ticketing system is a key innovation that simplifies the travel experience by allowing 
passengers to use a single ticket across various forms of transport, including buses, trams, and the 
metro. This cohesive system eliminates the need for multiple tickets, making public transport more 
accessible and attractive to both residents and tourists, and encouraging the use of sustainable travel 
options over private vehicles. Furthermore, Barcelona's transport infrastructure is enhanced by real-
time tracking and updates, made possible by digital displays at transport stops and mobile apps. This 
technology empowers travelers with up-to-the-minute information about service schedules and 
potential disruptions, allowing for more efficient mobility and seamless planning of their journeys. 
Passengers can check live updates on the arrival times of buses and metros, ensuring they are better 
informed, can minimize wait times, and improve overall satisfaction during their travel experience. 

By prioritizing user convenience and digital enhancement, Barcelona is not only improving the 
overall quality of its public transport system but also addressing urban mobility challenges 
effectively. The city’s commitment to smart travel solutions through the integration of real-time 
information and efficient ticketing systems underscores its position as a leader in sustainable 
innovation and smart city initiatives. This forward-thinking approach ensures that both locals and 
tourists can navigate the city with ease, convenience, and sustainability at the forefront. Vienna's 
approach to Smart Travel showcases a seamless integration of technology, sustainability, and user 
convenience, making it a model for efficient urban mobility. The city's comprehensive public 
transport network, which includes the U-Bahn, trams, and buses, forms a well-coordinated system 
that allows for efficient mobility and smooth transitions between different modes of transport. The 
high frequency of U-Bahn trains minimizes wait times, while synchronized tram and bus schedules 
ensure that passengers can easily connect between various modes of transport. This level of seamless 
planning improves the travel experience by reducing travel time and enhancing overall satisfaction. 
Vienna further enhances this system with a unified ticketing platform, allowing passengers to use a 
single ticket across all public transport services within the city. This system simplifies the travel 
process, making it more convenient for both residents and tourists to navigate the city’s extensive 
transport network. 
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In line with its commitment to sustainability, Vienna has invested in eco-friendly vehicles, 
ensuring that the public transport system contributes to a reduction in carbon emissions and 
promotes greener travel options. This dedication to sustainability is also reflected in the city’s 
emphasis on encouraging public transport over private car usage, helping to alleviate traffic 
congestion and reduce the environmental impact of urban mobility. Vienna’s smart travel 
technologies, such as mobile applications that provide real-time updates and route planning 
assistance, further contribute to enhanced travel experiences. These digital tools make it easier for 
passengers to plan their trips, access real-time information, and make informed decisions about their 
journeys. Through these innovations, Vienna has demonstrated how smart travel technologies can 
address urban transportation challenges while prioritizing sustainability, efficiency, and user 
convenience. By integrating technology with eco-friendly infrastructure, Vienna offers a blueprint for 
how cities can foster more sustainable and user-centric urban mobility solutions, making it a leading 
example of smart travel. 

Amsterdam’s robust digital infrastructure is a prime example of how smart city initiatives can 
significantly improve urban living, while also enhancing the tourist experience. The city has 
strategically invested in a variety of Internet of Things (IoT) applications, such as smart sensors that 
monitor air quality and traffic patterns. These systems enable city officials to make data-driven 
decisions that improve public health, safety, and overall urban management. By leveraging digital 
investment, Amsterdam showcases how cities can enhance both residents' and tourists' experiences 
through technology. In line with Factor 3: Digital Enhancement, Amsterdam’s approach to citizen 
engagement is also noteworthy. The Amsterdam Smart City platform allows residents to suggest and 
vote on projects, fostering community ownership and ensuring that initiatives align with the needs 
of the people. This transparency and participation not only benefit the local population but also 
personalize services for tourists, as the city’s initiatives cater to real-time community and visitor 
needs. 

Furthermore, the city’s commitment to sustainability is further demonstrated through digital 
innovations like the Smart Solar Charging Stations, which provide renewable energy for electric 
vehicles. This sustainable infrastructure complements Amsterdam’s goal to create a smarter, more 
sustainable urban environment that enhances the travel experience for both locals and visitors. 
Through investments in digital infrastructure, personalized services such as tailored 
recommendations, and the use of technology to improve urban life, Amsterdam sets a strong 
precedent for how cities can use digital enhancement to both streamline daily operations and elevate 
the travel experience. By embracing smart technologies, the city not only enhances the quality of life 
for residents but also fosters a seamless and personalized experience for tourists, making it an 
attractive destination for those seeking a smart and sustainable urban environment. 

Barcelona’s digital enhancement strategies reflect the city's ambition to become a leading smart 
city in Europe, with a strong focus on utilizing technology to improve urban living and enhance the 
tourist experience. A key aspect of this transformation is the use of data analytics for urban planning 
and services. By employing big data to analyze various urban dynamics, from traffic flows to waste 
management, the city can optimize services, making them more efficient and responsive to residents' 
and visitors' needs. The 'Barcelona Data Commons' initiative facilitates the sharing of urban data 
among businesses, citizens, and other stakeholders, fostering innovation and enabling collaborative 
problem-solving for urban challenges. In line with Factor 3: Digital Enhancement, Barcelona has 
invested in smart mobility solutions, including its expansive 'Bicing' bike-sharing program. This 
service promotes sustainable transport while enhancing user convenience through a mobile app that 
provides real-time information on bike availability and routes. By simplifying the bike-sharing 
experience, Barcelona encourages sustainable travel and offers a personalized service that caters to 
the needs of both residents and tourists. 

Barcelona’s digital investment in smart mobility and its integration of digital services like bike-
sharing and urban data sharing enhance not only the efficiency of the city's services but also the 
quality of the tourist experience. By providing real-time updates and personalized services—such as 
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tailored recommendations and custom itineraries based on data analytics—the city creates a 
seamless, convenient, and enjoyable experience for visitors. This commitment to digital 
transformation and sustainability demonstrates how Barcelona is effectively using technology to 
improve urban life and offer personalized services that enhance the overall travel experience. 

Vienna's digital advancements in governance and e-services highlight the city’s commitment to 
digital enhancement, offering a successful model of how cities can leverage technology to improve 
urban life. Through significant investment in e-government initiatives, Vienna has simplified access 
to public services, allowing citizens to handle various tasks—such as applying for permits and 
accessing public records—via a single, user-friendly digital platform. This streamlined approach 
enhances the efficiency of municipal services and makes everyday interactions with the government 
more convenient for both residents and visitors, contributing to a smarter, more accessible urban 
environment. Further enhancing the city’s digital transformation, Vienna places a strong emphasis 
on the role of digital arts and culture in enriching the urban experience. Initiatives like the ‘Digital 
City Vienna’ project offer digital exhibitions and interactive art installations, fostering a vibrant 
cultural scene that is accessible to all. This integration of digital arts with the urban environment 
encourages cultural engagement while making art more inclusive and engaging for residents and 
tourists alike. 

When comparing Vienna’s citizen participation platforms with those in Amsterdam and 
Barcelona, it becomes clear that Vienna offers a more structured approach to civic engagement. While 
Amsterdam encourages open-ended suggestions and voting, and Barcelona focuses on data-driven 
collaboration, Vienna’s approach provides a robust framework that includes regular town hall 
meetings and digital feedback mechanisms. This multi-faceted approach strengthens the relationship 
between the government and its citizens, ensuring that public policies reflect diverse voices and 
needs. This commitment to participation enhances the city's ability to develop services that align with 
the values and preferences of its residents.Vienna’s integration of digital infrastructure, cultural 
engagement, and structured citizen participation reinforces the city's status as a smart city and 
demonstrates how digital technologies can foster a more efficient, inclusive, and culturally vibrant 
urban environment. 

6. Conclusions 

In the rapidly evolving landscape of urban living, cities worldwide are embracing digital 
enhancements to improve quality of life, streamline services, and foster sustainable development. 
Among these progressive cities, Amsterdam, Barcelona, and Vienna stand out for their innovative 
approaches to integrating technology into urban management and citizen engagement. Each city has 
embarked on unique journeys toward becoming smart cities, characterized by distinct strategies that 
leverage digital infrastructure, data analytics, and citizen participation. Each city has adopted a 
unique blend of technology, sustainability practices, and citizen engagement to enhance the quality 
of urban life. Cities like Amsterdam, Barcelona, and Vienna stand out as exemplary models of smart 
travel, each showcasing distinct characteristics that cater to the demands of modern travelers while 
promoting sustainability and efficiency.  

The smart travel initiatives in Amsterdam, Barcelona, and Vienna each demonstrate unique 
characteristics that collectively enhance urban mobility and sustainability. Amsterdam's emphasis on 
cycling integration, Barcelona's smart public transport solutions, and Vienna's coordinated transport 
network all contribute to creating a more efficient and user-friendly travel experience. As cities 
continue to grapple with the challenges of population growth and congestion, the experiences of 
these three cities serve as valuable models for implementing smart travel solutions that not only 
address current needs but also pave the way for a more sustainable and accessible future. By 
embracing technology and innovative infrastructure, urban centers can significantly improve the 
quality of life for their inhabitants, ultimately leading to more vibrant and connected communities. 

The analysis of Amsterdam, Barcelona, and Vienna demonstrates that smart mobility (e.g., 
integrated public transport systems, cycling infrastructure, real-time transport apps) and seamless 
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planning technologies (e.g., digital platforms, IoT-based urban management, participatory planning) 
significantly enhance travel efficiency and the overall tourist experience. These technologies reduce 
congestion, improve transport reliability, optimize resource use, and provide real-time information, 
making urban navigation more convenient and sustainable for tourists. Smart Efficiency 
fundamentally transforms urban tourism by making travel more seamless, informed, and tailored to 
individual needs. By leveraging real-time data, integrated transport systems, and digital engagement 
platforms, cities enhance the planning, accessibility, and overall convenience of urban tourism, 
ensuring a more enjoyable and stress-free experience for visitors. This answered the question: How 
does Smart Efficiency influence the convenience and planning of urban tourism? Thus, the sub-
hypothesis H1 is confirmed.  

The smart travel initiatives in Amsterdam, Barcelona, and Vienna illustrate how smart mobility 
and seamless planning technologies significantly enhance tourists' travel efficiency and overall 
experience. Amsterdam integrates cycling infrastructure with public transport, real-time travel apps 
(GVB), and smart digital tools to ensure seamless, eco-friendly, and convenient navigation. Barcelona 
employs integrated ticketing (T-Diagonal), real-time transport updates, and digital displays to 
optimize travel convenience and reduce wait times. Vienna prioritizes synchronized public transport, 
eco-friendly mobility, real-time travel apps, and a unified ticketing system to enhance efficiency and 
sustainability.These technological advancements reduce congestion, streamline travel planning, and 
improve the overall experience for tourists, confirming that smart mobility and seamless planning 
significantly enhance urban tourism. This answered the question: What is the effect of Smart Travel 
on the overall experience and satisfaction of tourists? Thus, the sub-hypothesis H2 is confirmed.  

The examples of Amsterdam, Barcelona, and Vienna demonstrate how investments in digital 
infrastructure and secure smart tourism applications increase tourists' trust and willingness to use 
smart city services: The Amsterdam Smart City platform fosters transparency and citizen 
participation, while smart sensors and IoT applications improve urban management, enhancing both 
residents' and tourists' trust. The Smart Solar Charging Stations further promote sustainable and 
secure smart tourism services. The Barcelona Data Commons initiative promotes data transparency 
and urban service optimization, while the Bicing bike-sharing program with real-time updates 
improves tourists' confidence in using smart transport solutions. The city's e-government services 
simplify administrative processes, increasing trust in digital governance. The Digital City Vienna 
project promotes digital cultural engagement, encouraging tourists to interact with smart city 
features confidently. Digital Enhancement transforms tourism services by making them highly 
personalized, accessible, and immersive. By integrating AI, real-time data, and smart city 
applications, urban destinations enhance visitor convenience, improve accessibility, and create 
unique travel experiences, ultimately making tourism more efficient, inclusive, and enjoyable for all. 
This answered the question: In what ways does Digital Enhancement contribute to the 
personalization and accessibility of tourism services? Thus, the sub-hypothesis H3 is confirmed.  

Amsterdam, Barcelona, and Vienna are prime examples of how smart city initiatives can 
significantly enhance urban living through improved efficiency and planning. Amsterdam utilizes 
smart technologies, such as a smart grid for energy management and a comprehensive cycling 
infrastructure, to promote sustainability and reduce car dependency. Barcelona has adopted 
innovative waste management systems and smart lighting that adjusts to pedestrian activity, while 
also monitoring air quality and noise pollution to engage the community. Vienna emphasizes 
efficient mobility with its extensive public transport network and digital platforms that involve 
citizens in urban planning, showcasing how technology can create sustainable, efficient, and user-
centered environments that improve the quality of life for residents and visitors alike. 

6.1. Practical Implications 

The integration of smart city technologies into the urban tourism landscape of Belgrade and 
other Serbian cities presents a significant opportunity to enhance efficiency, improve the travel 
experience, and support sustainable tourism development. The findings of this study suggest that 
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the implementation of smart tourism initiatives can be structured around three key dimensions: 
Smart Efficiency, Smart Travel, and Digital Enhancement. Applying these smart tourism factors to 
Belgrade and other Serbian cities would involve integrating smart technologies to improve efficiency, 
enhance the travel experience, and leverage digital innovations. 

Smart Efficiency, encompassing efficient mobility and seamless planning, can be achieved 
through the adoption of real-time public transport tracking, digital ticketing systems, and integrated 
travel platforms. In Belgrade and Novi Sad, smart mobility applications providing real-time updates 
on buses and trams schedules can optimize urban navigation, minimize delays, and enhance 
transport accessibility. In Niš and Kragujevac, the development of digital travel assistants for regional 
and intercity transport can further support seamless trip planning. 

Smart Travel focuses on enriching the visitor experience through digital innovations, security 
enhancements, and sustainable practices. The incorporation of AI-driven travel assistants and augmented 
reality (AR) experiences in cultural and historical landmarks such as Kalemegdan Fortress (Belgrade), 
Petrovaradin Fortress (Novi Sad), Niš Fortress, and the Old Town of Subotica can significantly enhance 
engagement. Additionally, the promotion of eco-friendly tourism solutions in destinations like Zlatibor, 
Kopaonik, and Sokobanja—including smart waste management, electric vehicle infrastructure, and 
energy-efficient accommodation—aligns with global sustainability trends in urban tourism. 

Digital Enhancement underscores the necessity of investing in robust digital infrastructure to ensure 
a seamless, connected, and personalized tourism experience. Expanding free public Wi-Fi networks in 
tourist hotspots across Belgrade, Novi Sad, and Subotica, optimizing mobile connectivity in urban and 
rural tourism areas, and employing AI-based personalized recommendations for accommodations, 
restaurants, and cultural events can significantly improve tourist engagement and satisfaction. 

By leveraging these smart tourism dimensions, Belgrade, Novi Sad, Niš, Kragujevac, Subotica, 
and other Serbian cities can transform their urban tourism offerings, fostering an efficient, immersive, 
and sustainable tourism ecosystem. The adoption of smart city technologies not only enhances tourist 
satisfaction but also contributes to the long-term development of urban destinations, positioning 
Serbian cities as competitive and forward-thinking hubs within the global smart tourism framework. 
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