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Abstract: Transportation planning is about coming up with and looking at different policies, programs, and 
projects that affect how people and goods get around in a certain area. In this field, technicians rely on quantitative 
methods and modeling tools to carefully examine the effects and the real usefulness of the measures proposed to 
improve the transportation system. To do this, mobility surveys are often used to evaluate the level of 
acceptance/preference of users for new transport services or improvement of existing ones (e.g., redevelopment 
of a transport terminal; new bus connections/stops; new services for travelers). Often in these surveys, 
hypothetical scenarios of services/facilities that do not yet exist are submitted to users through the so-called 
Stated-Preferences (SP) surveys. Although there is a copious literature on this type of survey and on the models 
and methods that can be derived from this data, little attention has yet been paid to the quality with which the 
hypothetical scenarios are presented to travelers (e.g. images, videos or simple text description) and above all to 
their real ability to identify themselves with these hypothetical contexts (e.g. the choice between a new and non-
existing train service competing with the usual bus service used every day). This issue is central for mobility 
planners, because a low capacity of users’ identification corresponds to a low quality of the models and estimates 
that derive from them, and which can limit/undermine the entire planning process. The recent disruptive 
development of immersive technologies (es, virtual reality; augmented reality), developed mainly for other 
sectors (e.g., gaming and entertainment; education and training; retail and e-commerce; architectural design and 
visualization) today also find a possible application in the transport sector as a usufull tool for evaluating mobility 
policy effectiveness within, for example, SP survey. This paper aims to look at the main immersive technologies, 
like Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR), and see how they are used in 
transportation planning. It also tries to point out what works well and what doesn’t for each technology. The 
results show that extended reality technologies (VR, AR, MR) make transport SP surveys feel more realistic and 
help users relate better to the scenarios, which in turn makes transport models more reliable. VR gives a fully 
immersive experience but can be expensive and tricky to use, while AR and MR offer a mix of realism and easier 
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access. We also need standard methods and long-term studies to really understand how these technologies affect 
planning decisions. 
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1 Introduction 
The concept of immersive technology is 50 years 
old, when in 1964 the first prototype of an 
immersive human-computer interaction, called 
"Man-Machine Graphical Communication System", 
was developed by [1]. Academics have had varied 
interpretations of immersive technology. For 
example, [2] refers to immersive technology as the 
technology that gives a high quality or volume of 
sensory information to the users. According to him, 
much importance is placed on the quality and 
amount of sensory information users receive. [3] 
describes immersive technology as that which blurs 
the line between the actual world and the virtual 
world, giving users a sense of immersion. [4] has 
also specified that Immersive Reality (IR) 
encompasses virtual reality (VR), augmented reality 
(AR), and mixed reality (MR) technologies that 
create immersive experiences by blending physical 
and digital environments to various extents. Looking 
at what’s already been written in the literature, the 
first goal of this paper is to go through the different 
technologies that make up Immersive Reality (IR) 
and discuss what they do well and where they fall 
short. Over the past ten years, more and more people 
have been interested in how these technologies let 
users experience and interact with digital 
environments as if they were real. Because hardware 
and software are getting cheaper and there are so 
many ways to use them, immersive technologies 
look promising for business, and companies are 
trying out new ideas to take advantage of them. 
Immersive Reality technologies have changed a lot 
of industries by making user experiences more 
engaging and giving people new ways to interact 
with both digital and real-world environments. In 
each area, VR, AR, and MR are used in different 
ways to meet specific needs and come up with new 
solutions. The paper is set up like this. In Section 2, 
we go over the main types of immersive 
technologies, like VR, MR and AR, and we try to 
explain in simple terms what they are and how they 
work. Then, in Section 3, we look at how these 
technologies are actually used in different areas,  

 

 
 
with more attention on transport, for example in 

planning, in understanding how people behave, and 
also in testing autonomous vehicles. In the end, 
Section 4 briefly comes back to the main ideas and 
shares some thoughts on how all of this could be 
useful when thinking about more sustainable 
mobility. 

 
 

2 Types and Characteristics of 

Immersive Technologies 
Immersive technologies are, in simple words, tools 
that try to make digital experiences feel more real. 
They can mix the real world with virtual parts, or 
sometimes replace it. The idea is just to make the 
user feel a bit “inside” what is happening. Most of 
the time, people refer to VR, AR and MR when they 
talk about this. But there are also other things, like 
360-degree videos, or systems that give some kind 
of physical feedback, like touch. Compared to 
traditional media, they are different mostly because 
the user is more involved. It’s not just watching or 
reading, but something a bit more active. In essence, 
these technologies are characterized by a core set of 
attributes that ensure the enrichment of user 
engagement, realism, and interaction. Key features 
of immersive technologies include the following: 

Immersion is defined as the feeling of "being 
there" in a virtual environment. The degree to which 
a user feels physical and mental involvement in the 
digital world, often up to the point of losing 
awareness of the real world. 

Interactivity: The term means different ways in 
which users can interact with the virtual 
environment or contents in real time. It allows users 
to give some control over them or influence 
happenings around them during an experience to 
present a dynamic and personalized interaction. 

Presence: It is defined as a feeling of "being 
there" in a virtual space. This is in terms of realism 
and emotional engagement of users with the virtual 
world, as if it were the real one. 

Real-time rendering means that an immersive 
technology can render and refresh graphics in real 
time in response to input by the user or the 

WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS 
DOI: 10.37394/23209.2026.23.27

Elda Robi, Mariarosaria Picone, 
Ilaria Henke, Armando Carteni

E-ISSN: 2224-3402 344 Volume 23, 2026



environment. This enables user interaction with the 
environment that happens in a timely manner. 

"Extended Reality” (XR) might be defined as an 
umbrella term encapsulating Augmented Reality, 
Virtual Reality, Mixed Reality, and everything in 
between". [5] The relationship that exists between 
these technologies can be well explained by Figure 
1.  

 

 
Fig. 1: Extended Reality technologies: Virtual 
Reality (VR), Augmented Reality (AR), and Mixed 
Reality (MR) [5] 

 
The next paragraph aims to give a clearer idea of 

virtual, mixed, and augmented realities. It explains 
what they are, talks about their main features, and 
gives examples of how they can be used in practice. 

 
2.1 Virtual Reality 
Virtual reality is a computer-generated simulation of 
a three-dimensional image or environment, 
simulating experience by means of the senses and 
perception. It represents a multichannel and 
computer-generated environment with interface 
tools that provide its user with a view of him inside 
an environment, moving around, and lastly, 
interacting with objects and other entities present 
therein [6]. It provides a detailed look at the external 
world from different dimensions, and thus users and 
learners can try things that are not accessible in real 
life or are not created yet. 

Virtual reality is completely immersive. While 
experiencing VR, there is a complete disconnection 
with the physical world and full entry into the virtual 
space of the user. The use of Head-Mounted 
Displays, HMDs, allows 360-degree views within 
the virtual environment that VR encompasses. More 
recently, motion controllers, haptic feedback, and 
audio have been used in enhancing this "sense of 
presence" (Figure 2). 

In VR, the virtual world is fully created by a 
computer. It can be something real, such as a city or 
a natural environment, but it can also be something 

completely imaginary, like video game worlds or 
future cities. These environments are not always 
static, since they may change depending on user 
actions or other external factors. To interact with VR 
systems, users typically rely on controllers such as 
Oculus Touch or HTC Vive devices. However, 
interaction is not limited to controllers only. Hand 
tracking, motion sensors, and eye tracking can also 
be used. Through these tools, users can move within 
the virtual environment, interact with objects, and in 
some cases also communicate with other users in 
shared virtual spaces. Other systems go further with 
the use of haptic feedback by means of gloves or 
suits, which deliver an actual feeling of touching for 
an altogether new dimension in immersion, such as 
touching virtual objects, textures, or forces. 

Real-time rendering of virtual environments in 
VR systems depends on user input. The movement 
of the head, hands, and body of the user directly 
influences what he or she is able to see and how he 
or she experiences the virtual space. Real-time 
response entails a much more natural experience, or 
rather, the illusion of naturalness. 

Unlike the traditional screen, in virtual reality, 
one is able to get a field of view of 360 degrees and 
look either left, right, up, or down as they do in 
reality. As the head changes, so does the dynamical 
environment around it to create a sense of "being 
there" rather than observing from one particular 
fixed perspective. 

The headsets are considered the major hardware 
of virtual reality. They provide a view both visually 
and auditorily of the virtual world. VR headsets have 
come a long way, and by now most people have at 
least heard of the big ones — Oculus Rift/Quest, 
HTC Vive, PlayStation VR, Valve Index, Meta 
Quest 2. They all work on roughly the same 
principle: a screen close enough to your face to fill 
your field of view, sensors that track where you're 
looking, and software that updates the image fast 
enough that your brain buys it. It sounds simple, and 
in a way it is. Controllers are still how most people 
interact with virtual environments, and they're fine. 
You grab things, you point, you press buttons, after 
a while your hands just know what to do. A handful 
of newer systems have started tracking bare hands 
instead, no controllers at all, just cameras watching 
your fingers. It's impressive when it works. It doesn't 
always work. Haptic gloves and suits are where it 
gets weird, in a good way. The whole point is to give 
you something to feel when you touch a virtual 
object. A bit of resistance, a vibration, some illusion 
of weight. The first time it actually works, it's 
genuinely strange. Your brain knows the object isn't 
real. Your hand isn't so sure. Positional tracking is 
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less glamorous but just as important. Whether it's 
external cameras or sensors built into the headset, 
the system needs to know where you are in the room 
at all times. In room-scale VR, where you're actually 
on your feet, moving around, even small tracking 
errors break everything. The moment the virtual 
space stops matching your physical movement, the 
immersion is gone, just like that. 

 

 
Fig. 2: Example of a Virtual Reality device  
(image generated with ChatGPT) 

 

Sound is a key part of the VR experience and 
helps make it feel more real. Most of the headsets in 
a VR system have built-in systems for spatial audio, 
whereby the sound changes depending on the 
orientation of the user and where he or she appears 
in the virtual world, with respect to distance from 
virtual sound sources. Some even support 3D audio 
to mimic real-world behavior. 

At present, there are three categories of virtual 
simulations that are employed. It is worthwhile to 
examine each of them individually [7]. 

 

2.1.1 Non-immersive  

Non-immersive devices are commonly known as 
desktop virtual reality; it is a VR that functions with 
any input device. Video games are included in the 
desktop VR systems. It is a combination of virtual 
reality and real-world attributes. Computer graphics 
objects are embedded in scenes of the real world 
non-interactively in it. Some examples are: Video 

games: Some of these VR games are presented on a 
screen, where the player does not use a headset. 

Simulations: This can be flight simulators or 
driving games - using a screen - but controlled by 
standard input devices such as keyboard, mouse, or 
joystick. 

 

2.1.2 Semi-immersive  

Semi-immersive systems, also called hybrid 
systems. This is one desktop VR development, 
including other devices like Data Gloves. The input 

into such kinds of systems is entered and controlled 
by users; for example, mouse, keyboard, interaction 
style, glass, and joysticks. Some examples are: 
CAVE systems, Cave Automatic Virtual 

Environment: Room-sized environments with 
projections of the virtual world projected onto walls, 
the floor, and the ceiling. Users can interact with 
those projections, but may not have full immersion. 

Low-end Virtual Reality Headsets: These 
could be like basic VR headsets, which include 
Google Cardboard or earlier generations of models, 
confined to limited immersion sans advanced 
tracking and high-definition visuals. 

 

2.1.3 Full-immersion  

Full immersion requires the user to wear a data glove 
and an HMD, which tracks the user's head 
movements, and after that changes the view 
accordingly. Users who experience full immersion 
in VR can feel like they’re actually part of the virtual 
world. Some examples are: 

 Oculus Quest / Meta Quest: A standalone 
VR headset that lets you move around a room and 
interact in real time with high-quality graphics. 
 HTC Vive: A headset that tracks your 
movements very precisely for a more realistic 
experience. 
It finds applications in the industries of gaming, 

training, and simulation. 
PlayStation VR: The virtual system of reality 

that enables users to play interactive games on the 
PlayStation Console. 

 

2.2 Mixed Reality 
Mixed reality, otherwise hybrid reality, is where the 
real world with virtual constructs created by it will 
be mixed with constructs created by a computer—
real or possible—to let the user experience new 
objects or scenarios that actually do not exist [8]. 

MR ushers in a completely new frontier of VR 
use—provided the technology can be harnessed for 
application in the real world on a daily basis. MR is 
an extremely promising technology in the field of 
medicine, defense, architecture, urban planning, 
education, and training. 

MR allows virtual objects to be 'contextually' 
aware and interact with the real world. For example, 
a virtual object placed on a real surface would 
interact with the displacements in the real world, 
such as getting occluded or moved by a real object. 

Most MR systems contain advanced sensors, 
cameras, and depth-sensing technology to attain a 
real-time understanding of and map out-the real 
world surroundings in real time. Spatial Mapping: 
Utilizing spatial awareness and environmental 
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mapping, Mixed Reality systems build a 3D 
understanding of the real world. This would allow 
virtual objects to "anchor" in real-world objects and 
locations for permanence and interaction. 

This enables the MR system to comprehend the 
contours of a room, the detection of walls, furniture, 
or other objects standing in it, and the positioning of 
virtual elements within these in such a way that they 
naturally integrate into the physical setting (Figure 
3).  

More importantly, virtual objects in MR are not 
just lying flat on the real world as in AR; they are 
attached to the real environment, and their position 
and orientation might be persistent even while 
navigating around it. 

For example, in an MR, a 3D digital chair placed 
in the room will continue to stay in that exact 
location even when the user walks out of the rest of 
that room and back to where the chair had been 
located.  

MR makes it possible for the capability of 
interaction, bidirectional between the physical and 
virtual environment. Interaction in mixed reality 
isn't just about what you do to virtual objects, it goes 
the other way too. You move something, sure, but 
the virtual world can also react to what's physically 
around you. A digital character that walks around 
your actual table rather than through it. An overlay 
that shifts when you move a real object out of the 
way. Small things, but they add up. When it works, 
you stop thinking about the technology and just 
accept what you're seeing. Devices like the 
Microsoft HoloLens or Magic Leap handle this 
through cameras, sensors, and in some cases depth-
mapping tools that are constantly scanning the room. 
The headset builds a picture of the physical space, 
furniture, walls, surfaces, and the virtual layer 
responds to it in real time. It's not always perfect. 
Anyone who's actually used one of these devices for 
more than ten minutes has seen a virtual object clip 
through a table or a character glitch out near a wall. 
But the moments when it clicks, when a digital thing 
behaves exactly as a real one would, are still kind of 
remarkable. 

 

 
Fig. 3: Example of Mixed Reality  
(image generated with ChatGPT) 

 

2.3 Augmented Reality 
Augmented Reality - A direct or indirect real-time 
view of a physical, real-world environment whose 
elements are 'augmented' or accelerated by virtual 
computer-generated information, thus enhancing 
one's experience of reality. AR is therefore 
interactive and registered in 3D, and it merges real 
and virtual objects, resulting in a real world with 
virtual objects. Augmented reality allows one to 
view the space around one to project a virtual entity 
into it. If something isn’t really there, it can be 
shown through a device so the user can still see it 
and play with it (Figure 4). Augmented Reality (AR) 
puts digital stuff, like images, sounds, videos, or 
other data, on top of what you see in the real world, 
and it does it in real time. Unlike VR, which makes 
a totally virtual world, AR just adds digital bits on 
top of the real world. The whole point is to give users 
a more interactive view of what’s around them, 
letting them mess with both real and digital things at 
the same time. You can use AR on lots of devices, 
phones, tablets, or AR glasses. The digital stuff lines 
up with the real world using cameras, motion 
sensors, GPS, and computer vision, so things show 
up in the right spot. Most of the time, you can even 
move or change the virtual objects, like they’re 
really part of the environment. 
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Fig. 4: Example of Augmented Reality  
(image generated with ChatGPT) 

 
Table 1 gives an overview of how Virtual 

Reality, Mixed Reality, and Augmented Reality 
differ from each other, looking at their basic 
definitions, the way users interact with them, some 
common examples, the typical situations where 
they’re used, the hardware they need, and also how 
immersive each one actually feels. 
 
Table 1.The main characteristics of AR, MR, and 
VR reality (source: Authors' elaboration) 

 

3 Example of Immersive Technology 

Applications  
Emerging technologies find a wide range of 
applications in VR, AR, and MR across numerous 
sectors. These let users interact with digital 
environments in a very engaging way, opening up 
new possibilities for things like training, 
entertainment, design, communication, and more. 
Next, we give a quick look at how immersive 
technologies are being used in different areas: in 
education (e.g., [9], [10], [11]) medicine and 
healthcare(e.g., [12], [13], [14], [15]) tourism (e.g., 
[16], [17], [18], [19], [20], [21])  
Marketing (e.g., [22], [23], [24]), architecture and 
engineering(e.g., [25], [26], [27]), and in the social 
behavior research(e.g., [28], [29], [30], [31]). 

In education, these technologies give students a 
more immersive way to learn. They can see digital 
content in simulated environments and use different 
learning styles, which could help improve how 
teaching and learning actually work [9], [10]. In the 
field of medical, education AR and VR are used to 
visualize complicated anatomical structures and 
accomplish virtual surgeries to offer higher-quality 
medical training examplethe training of various 
surgical and emergency procedures is conducted on 
doctors and nurses using VR simulations. Virtual 
reality, especially 360-degree VR videos, further 
immerses medical trainees' interest in them [14] or 
using training simulators on an AR/VR-guided 
procedure for a neurosurgical procedure [12]. 

In the field of medicine and healthcare, Virtual 
Reality (VR) is emerging as a valuable tool for 
treating various conditions. For instance, in 
rehabilitation, VR programs are being used for both 
motor and cognitive rehabilitation of individuals 
who are traumatized or disabled [13]. In pain 
therapy, VR immersion is expected to reduce pain 
and alleviate anxiety, at least temporarily [15]. 
Recent developments show that VR could also help 
improve thinking and daily functioning in people 
with dementia. (e.g., [32], [33]). Because of this, VR 
might soon become an important tool in clinical 
practice for handling certain psychiatric symptoms 
[32]. It can also be used in exposure therapy, helping 
patients face phobias or post-traumatic stress by 
putting them in controlled, stressful situations. 

Immersive technology is really shaking up the 
tourism world. It makes experiences way more 
engaging. Tourists can check out destinations in new 
ways, not just when they plan or book a trip, but also 
while they’re actually there, and even afterward. 
According to [17] and [34], immersive technologies 
are widely used in the tourism sector by hotels, 
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restaurants, travel companies, and tourist sites. 
They’re changing how these businesses handle 
customer relations, bookings, and marketing. On top 
of that, these technologies are opening up new ways 
to offer experiences and promote destinations [35]. 
Using AR and VR doesn’t just make customer 
experiences better; it can also give businesses a 
strategic edge, encouraging new ideas and keeping 
customers more engaged in tourism and hospitality 
(e.g., [16], [18], [19]). This shows how immersive 
technologies can really change things, making 
tourist destinations more attractive and competitive 
around the world. In this context, for example [20] 
and [21] highlight how adopting AR technology in 
the museum sector promises great benefits as it 
transforms exhibitions through 2D and 3D visual 
images and animations affording visitors a new level 
of virtual presence.  

Immersive technologies are widely used in the 
field of marketing because they offer innovative 
platforms for digital marketing, providing 
immersive services that can transform the consumer 
experience [23]. Virtual reality transports users to 
digitized worlds, deepening connections with 
brands, while augmented reality integrates digital 
components into reality, offering engaging and 
interactive product interactions [22].  Results 
showed that immersive new brand experiences, 
facilitated by AR, increased consumer response 
[24]. One example is the platform wayGoo, which is 
a strong marketing tool, offering staff and visitors an 
immersive tool for indoor navigation, helping users 
organize their agenda, and discover events with 
wayGoo event scheduler and recommendation 
system [36]. 

Regarding architecture and engineering, 
Immersive technologies techniques make it a very 
promising approach for interactive visualization of 
design, construction, and facility management. A 
cloud-based multi-user VR headset system named 
Collaborative Virtual Reality, CoVR, for the 
purpose of showing interpersonal project 
communication in an interactive VR environment 
[25]. 

The use of immersive technology, such as Virtual 
Reality (VR) and Augmented Reality (AR), has had 
a significant impact on social behavior research. A 
detailed, though not updated, review is provided by 
[29]. This study provides an extensive introduction 
to the use of VR in behavioural and social research, 
outlining the potential of VR as a research tool and 
its applications in various fields of psychology and 
social sciences.VR enables researchers to create 
virtual environments that simulate specific social 
situations and understand the processes governing 

dynamically-interacting individuals in human 
collectives under realistic conditions [31]. This 
allows for the observation of how individuals react 
in controlled and repeatable contexts. For example, 
workplaces, conflicts, or emergency situations can 
be simulated to see how people react and cooperate. 
Immersive experiences also make it easier to study 
hidden biases and how people perceive each other 
[29], [30], [31]. 

In the transportation sector, immersive reality is 
starting to be an important tool for looking at how 
people might behave in situations that don’t exist 
yet. Using virtual environments, we can simulate 
these scenarios and see how users would act before 
anything is actually built (e.g., [37], [38], [39], [40]). 
For example, VR can be used to see how people 
react to new transport services [37] or to changes in 
transport terminals (e.g., [38], [40]). In the studies 
[38] and [40], an innovative methodology was 
developed, combining immersive Virtual Reality 
(VR) and Discrete Choice Experiments (DCEs), to 
estimate users’ willingness to pay (WTP) for bus 
terminals characterized by high architectural and 
aesthetic standards, and passenger services (e.g., 
restaurants, shops, free Wi-Fi). In both cases, VR 
was employed as an immersive tool to simulate 
hypothetical upgraded terminal scenarios. 

This approach provides valuable data on how 
such changes might impact user behavior, 
facilitating more informed planning and 
optimization of transport services. 

It works alongside traditional models and 
estimation methods to help make better decisions in 
complicated urban situations. VR is also really 
useful for testing new technologies, like self-driving 
cars (e.g., [41], [42]), in controlled and repeatable 
settings. With virtual scenarios, we can see how 
these systems work in different situations and if they 
are ready for real use. Putting VR with self-driving 
cars is a good idea. It lets developers, researchers 
and also policymakers test difficult traffic cases 
without real danger and without high cost. VR can 
copy real traffic situations, like strange driver 
behavior, bad weather or lighting, and different city 
roads. This gives a safe place to test both the 
technology and how people use it. VR can also show 
rare situations that are hard to reproduce in real life, 
and this helps to make self-driving systems safer 
before they go on real roads. On the user side, VR 
lets people try trips in self-driving cars in a safe way. 
This helps researchers to understand trust, 
acceptance, and how safe people feel. 

Just like studies that look at how people feel 
about traditional transport infrastructure, like train 
stations (e.g.,[43]), immersive technologies give us 
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new ways to see how users react, both emotionally 
and mentally, to new mobility systems in a virtual 
setting. 

In the end, this mix helps us better understand 
how autonomous systems work, how people use 
them, and how cities can get ready to include them 
in future transportation. 

Recent studies show that VR simulation 
platforms give a safe and flexible way to train and 
test self-driving systems. They can recreate all sorts 
of complex scenarios over and over without any 
real-world risk. For example, [41] suggested using a 
VR-based setup to test autonomous vehicle 
algorithms in busy city environments, letting 
researchers push the systems hard without any real 
danger. Similarly,[42] showed that immersive VR 
can help check the safety of self-driving cars by 
including people in the simulation, so pedestrian 
behavior and unexpected events can be tested safely. 
These systems don’t just let us test how the car 
“sees” and makes decisions; they also let us look at 
human factors, like how passengers or nearby 
drivers react to what the autonomous vehicle does. 
On top of that, combining VR with simulated 
sensors, like LiDAR, radar, or camera feeds, and 
real-time data analysis makes the simulations more 
realistic and speeds up development. This is 
becoming really important as city traffic gets more 
complicated and there’s more pressure to roll out 
autonomous vehicles safely and responsibly. 

Immersive simulations mark the next phase of 
VR and AR applications in driving simulators. For 
instance, VR can simulate several conditions that 
other driving simulators cannot, such as varied 
terrain, road, and urban conditions. Enhanced Visual 
Systems: This might be an add-on functionality 
where real-time information, such as speed limits, 
road signs, or hazard alerts, is shown in augmented 
reality in the view of the driver in the simulator, with 
the aim of studying the interaction of this technology 
with drivers' situational awareness and safety. 

Computational modeling and simulation 
techniques are considered very critical in the field of 
traffic engineering, as they bear immense relevance 
to transportation planning and analysis of road 
safety. In this way, driver behavior simulation can 
give more understanding to researchers and policy 
analysts about how individual and group driving 
decisions affect traffic flow, safety, and efficiency. 
Driving simulation research is very useful for 
improving transport safety, smooth traffic, and 
efficiency. It gives a safe and controlled 
environment to study driver behavior, vehicle 
performance, traffic flow, and road design. As self-
driving technologies and other vehicle systems 

continue to develop, simulations will become even 
more important. They will open more opportunities 
for research, testing, and possible real-world 
applications. At the same time, AR is also starting to 
be used in driving simulators. Initial applications of 
AR enhanced driving simulations by overlaying 
useful information within the driver’s field of view, 
such as road signs and hazard warnings. Companies 
like Toyota and Mercedes-Benz have built 
simulators using AR, mainly to make driving feel 
more real and also to test new car interfaces. AR is 
also used in driver training and for driver-assist 
systems, so people can get used to them more easily. 
In general, this can help make driving safer and also 
a bit easier to understand. Simulating driver 
behavior is quite an important tool in transport 
planning, traffic management, and also vehicle 
design. By adding real driver behavior into traffic 
models, simulations can give a better idea of how 
traffic flow, safety, and efficiency can change in 
different situations. This helps plan smarter roads, 
safer streets, and better transport policies. It has also 
helped engineers develop safer roads, increase the 
flow of traffic, or even prepare for autonomous 
vehicles. Driver behavior simulations are key to 
improving the transportation system as a whole. The 
Driver Behavior Simulations develop models of how 
vehicles will interact within the flow of the entire 
system and provide critical information on 
congestion phenomena. By simulating how drivers 
behave in different situations, planners can get a 
better idea about traffic and try different things, like 
changing traffic signals, using lanes in a different 
way, or just improving road layouts. Also, real-time 
data systems like Automatic Vehicle Location 
(AVL) are now often used together with simulations, 
so traffic prediction in cities can become more close 
to reality. For example, when a city wants to build a 
new road or change an intersection, simulations can 
be used to see what might happen with traffic, 
including driver behavior, and to test different signal 
timings in order to reduce delays. Driver behavior 
simulations are one of the major inputs sought in the 
determination of safety risks on roadways. They can 
simulate dangerous scenarios, such as sudden lane 
changes, speeding, tailgating, or distracted driving, 
that look at the likelihood of accidents and develop 
strategies for accident pre. Simulation of driver 
behavior is very critical in the design process that 
involves AV and V2V systems. From knowledge of 
how human drivers react in various scenarios, 
improvements can be made in decision-making 
algorithms for autonomous systems such that the 
responses are safe and predictable in mixed traffic 
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environments where AVs interact with human 
drivers.vention. 
 

 

4 Conclusion 
Immersive technologies are changing entire 
industries, from new ways to visualize, learn, 
collaborate, and create, offering a better quality of 
service, improved decision-making, and new ways 
to engage customers and interact. These 
technologies are getting better all the time. That 
means they’ll have an even bigger effect and help 
solve problems in new ways. Immersive tech is 
making transport safer and smoother. It can even 
make it more fun. VR, AR, and MR are changing 
things a lot, helping design better cars, improve 
training, make maintenance easier, and give 
passengers a better experience. One of the most 
interesting ideas is using VR together with self-
driving cars. People are starting to use this more 
now. It is a safe way to test and train, and also to see 
how systems work in a controlled space. With these 
immersive simulations, developers can copy busy 
city traffic, try rare or risky situations, and also 
change vehicle algorithms before they are used in 
the real world. This can make things safer, help 
development go faster, and also increase trust from 
users. VR can also help researchers see how people 
might behave around self-driving cars in the future. 
It gives some idea about acceptance, comfort, and 
behavior changes, which are important if 
autonomous vehicles will be used widely. Even if 
these technologies are still quite new, they could 
become part of everyday transport in the future. 
They may change how people travel, how transport 
systems are used, and how people experience 
moving in cities. Recently, immersive technologies 
like Virtual Reality, Augmented Reality, Mixed 
Reality and Extended Reality are also used more to 
study transport policies and improve them using real 
data. They help policy-makers, city planners, 
transport agencies and researchers to simulate and 
study transport systems and city movements, often 
in a more flexible way than before. In this way, 
immersive technologies can build interactive models 
that show complex situations, give possible 
scenarios, and test different policy options. It helps 
make smarter decisions, get people more involved, 
and actually put policies into practice better. These 
tools can be used together with traditional methods, 
like cost–benefit analysis and multi-criteria 
approaches. Those methods are usually used to see 
if transport projects are practical and sustainable 
(e.g., [44], [44]). 

Using immersive technologies for mobility 
policy is really changing things for cities, transport 
agencies, and governments. These tools make it 
easier to see what different actions might do. They 
help predict outcomes and involve stakeholders 
better, using data to guide decisions. This means 
immersive technologies will probably play an even 
bigger role in the future as we try to make transport 
systems stronger, fairer, and more sustainable. 
Overall, these tools can help plan urban transport 
that’s ready for the future, deal with big issues like 
congestion and climate change, and make sure 
policies work for everyone. Policymakers can use 
them to test, see, and adjust mobility policies in 
realistic virtual setups. In the end, these technologies 
don’t just make policies work better; they also help 
build urban transport systems that are inclusive, 
sustainable, and flexible. 

Immerse-the introduction of immersive 
technologies in mobility policy evaluation-changes 
the paradigm of how cities, transportation agencies, 
and governments evaluate and adopt transportation 
policies. These tools go a step further and deeper to 
realize impacts more accurately, making it easier to 
predict outcomes, engage stakeholders, and make 
data-driven decisions. Immersive technologies will 
become all the more important in the creation of 
resilient, equitable, and sustainable transport 
systems in the future. Immerse tools will allow them 
to try out, visualize, and refine their mobility 
policies in a realistic virtual environment, which in 
turn, provides ways to future-proof the urban 
transport systems to respond to some of the critical 
challenges: congestion and climate change. Finally, 
they help make sure policies work for all kinds of 
communities. Over time, these technologies will not 
just improve mobility policies, they’ll also help 
move us toward urban transport systems that are 
fairer, more sustainable, and ready for the future. 

A final consideration concerns the limitations of 
the present work. Although the paper provides a 
comprehensive overview of immersive technologies 
and their potential role in transport planning, this 
study has primarily adopted a qualitative and 
conceptual perspective. Future developments should 
therefore include the application of a more 
quantitative analysis and empirical validation 
conducted on the same case study, to rigorously 
assess the effectiveness of immersive technologies 
on user behavior and model reliability. This seems 
like a really promising path for future research and 
for making immersive-based transport planning 
methods stronger. Using immersive technologies 
alongside participatory and cognitive decision-
making approaches, like the ones suggested in recent 
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transport planning studies (e.g., [46]Σφάλμα! Το 

αρχείο προέλευσης της αναφοράς δεν βρέθηκε.), 
can help planners deal with uncertainty and include 
a wider range of people in mobility decisions. 

 
References: 

[1] I. E. Sutherland, "Sketchpad: a Man-Machine 
Graphical Communication System," 
Simulation, vol. 2, no. 5, pp. 6-329, 1964. DOI: 
10.1177/003754976400200514 

[2] M. Slater, "Place illusion and plausibility can 
lead to realistic behaviour in immersive virtual 
environment," Phil. Trans. R. Soc. B, vol. 364, 
no. 1535, pp. 3549–3557, 2009. DOI: 
10.1098/rstb.2009.0138 

[3] H.-G. Lee, C. Sungwon and W.-H. Lee, 
"Presence in virtual golf simulators: The effects 
of presence on perceived enjoyment, perceived 
value, and behavioral intention," New Media & 

Society, vol. 15, no. 6, pp. 930-946, 2013. DOI: 
10.1177/1461444812464033 

[4] J. Steuer, "Defining Virtual Reality: 
Dimensions Determining Telepresence," 
Journal of Communication, vol. 42, no.  4, pp. 
73-93, 1992. DOI: 10.1111/j.1460-
2466.1992.tb00812.x 

[5] T. Andrade and D. Bastos, "Extended Reality in 
IoT scenarios: Concepts, Applications and 
Future Trends," 2019 5th Experiment 

International Conference (exp.at'19), Portugal, 
pp. 107-112, IEEE, 2019. DOI: 
10.1109/expat.2019.8876559 

[6] Y. E. Miedany, Virtual Reality and Augmented 
Reality. In: Rheumatology Teaching., Springer, 
Cham, pp. 403-427, 2018. DOI: 10.1007/978-
3-319-98213-7_20 

[7] A. S. Alqahtani, L. F. Daghestani and L. F. 
Ibrahim, "Environments and System Types of 
Virtual Reality Technology in STEM: A 
Survey," (IJACSA) International Journal of 

Advanced Computer Science and Applications, 
vol. 8, no. 6, pp. 77-89, 2017. DOI: 
10.14569/ijacsa.2017.080610 

[8] M. Farshid, J. Paschen, T. Eriksson and J. 
Kietzmann, "Go boldly!: Explore augmented 
reality (AR), virtual reality (VR), and mixed 
reality (MR) for business," Business Horizons, 
vol. 61, no. 5, pp. 657-663, 2018. DOI: 
10.1016/j.bushor.2018.05.009 

[9] A. Nugroho, S. Anwar, U. Nugraha, J. Santoso 
and T. Abdulghani, "Augmented Reality and 
Virtual Reality Applications: Enhancing User 
Experience Across Industries," Global 

International Journal of Innovative Research, 

vol. 2, no. 4, pp. 840–849, 2024. DOI: 
10.59613/global.v2i4.126 

[10] N. Sala, "Virtual Reality, Augmented Reality, 
and Mixed Reality in Education: A Brief 
Overview.," Current and Prospective 

Applications of Virtual Reality in Higher 

Education, IGI Global Scientific Publishing, 
pp. 48-73, 2021. DOI: 
https://doi.org/10.4018/978-1-7998-4960-
5.ch003 

[11] K. Lee, "Augmented Reality in Education and 
Training," TECHTRENDS, vol. 56, no. 2, pp. 
13–21, 2012. DOI: 10.1007/s11528-012-0559-
3 

[12] R. Eagleson, D. Kikinov, L. Bilbie and S. de 
Ribaupierre, "Clinical trainee performance on 
task-based AR/VR-guided surgical simulation 
is correlated with their 3D image spatial 
reasoning scores," Healthcare Technology 

Letters, vol. 11, no. 2-3, pp. 117-125, 2024. 
DOI: 10.1049/htl2.12066 

[13] T. Birrenbach, R. Stuber, C. E. Müller, P.-M. 
Sutter, Wolf E. Hautz, Aristomenis K. 
Exadaktylos, Martin Müller, Rafael Wespi and 
Thomas Christian Sauter, "Virtual reality 
simulation to enhance advanced trauma life 
support trainings – a randomized controlled 
trial," BMC Medical Education, vol. 24, no. 1, 
article no. 666, 2024. DOI: 10.1186/s12909-
024-05645-2 

[14] S. Tachejian and A. Moussa, "360-degree 
virtual reality video to teach neonatal 
resuscitation: an exploratory development 
study," Scientific Reports, vol. 14, no. 1, article 
no. 14383, 2024. DOI: 10.1038/s41598-024-
65299-4 

[15] M. Ohsuga and H. Oyama, "Possibility of 
virtual reality for mental care," Studies in 

Health Technology and Informatics, vol. 58, 
pp. 82-90, 1998. DOI: 10.3233/978-1-60750-
902-8-82 

[16] S. Farooq, M. Reshi and B. Farooq, "The Role 
of Augmented Reality (AR) and Virtual Reality 
(VR) in Medical Tourism," in Impact of AI and 

Robotics on the Medical Tourism Industry, IGI 
Global, pp. 272-289, 2024. DOI: 10.4018/979-
8-3693-2248-2.ch012 

[17] J. Jiman and S. M. Kulal, "Augmented Reality 
(AR) And Virtual Reality (VR) Applications In 
Tourism: Embracing Emerging Technologies 
For Improved Tourist Experiences In 
Malaysian Tourism Industry," in International 

Conference On Digital Advanced Tourism 

Management And Technology, Virtual 

WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS 
DOI: 10.37394/23209.2026.23.27

Elda Robi, Mariarosaria Picone, 
Ilaria Henke, Armando Carteni

E-ISSN: 2224-3402 352 Volume 23, 2026



Conference, vol. 1, no. 2, pp. 188-199, 2023. 
DOI: https://doi.org/10.56910/ictmt.v1i2.34 

[18] T. N. Ha, Z. Tučková, & N. N. Q Doan. 
"Bibliometric analysis of virtual reality in 
tourism and hospitality," in Proceedings of the 

International Conference on Tourism 

Research, Cyprus, vol. 6, no. 1, pp. 418-424, 
2023. DOI: 
https://doi.org/10.34190/ictr.6.1.1133  

[19] A. Nayyar, B. Mahapatra, D.-N. Le and G. 
Suseendran, "Virtual Reality (VR) & 
Augmented Reality (AR) technologies for 
tourism and hospitality industry," International 

Journal of Engineering &Technology UAE, 
vol. 7, no. 2.21, pp.156-160, 2018. DOI: 
https://doi.org/10.14419/ijet.v7i2.21.11858  

[20] I. Tussyadiah, T. Jung and M. C. Tom Dieck, 
"Embodiment of Wearable Augmented Reality 
Technology in Tourism Experiences," Journal 

of Travel Research, vol. 57, no. 5, pp. 597-611, 
2018. DOI: 
https://doi.org/10.1177/0047287517709090 

[21] S. Khalil, A. Kallmuenzer and S. Kraus, 
"Visiting museums via augmented reality: an 
experience fast-tracking the digital 
transformation of the tourism industry," 
European Journal of Innovation Management, 
vol. 27, no. 6, pp. 2084-2100, 2023. DOI: 
https://doi.org/10.1108/ejim-09-2022-0479 

[22] R. Kumar, R. Madhumitha, M. Suthar and M. 
Y, "The Effectiveness Of Virtual Reality And 
Augmented Reality In Digital Marketing 
Campaigns," EPRA International Journal of 

Economics, Business and Management Studies, 
vol. 11, no. 5, pp. 92-94, 2024. DOI: 
https://doi.org/10.36713/epra16813 

[23] F. A. R. Ekmeil, M. S. S. Alkhawaja, M. I. 
Alkhawaja, I. M. Siam and S. A. A. Alaklouk, 
"Augmented reality and virtual reality 
revolutionize rusiness transformation in digital 
marketing tech industry analysts and 
visionaries during Coronavirus (COVID 19)," 
in Journal of Physics: Conference Series, Kuala 
Lumpur, Malaysia, vol. 1860, no. 1, pp. 
012012, 2021. DOI: 
https://doi.org/10.1088/1742-
6596/1860/1/012012 

[24] E. Sung, "The effects of augmented reality 
mobile app advertising: Viral marketing via 
shared social experience," Journal of Business 

Research, vol. 122, pp. 75-87, 2021. DOI: 
https://doi.org/10.1016/j.jbusres.2020.08.034 

[25] J. Du, Y. Shi, Z. Zou and D. Zhao, "CoVR: 
Cloud-Based Multiuser Virtual Reality Headset 
System for Project Communication of Remote 

Users," Journal of Construction Engineering 

and Management, vol. 144, no. 2, pp. 
04017109, 2018. DOI: 
https://doi.org/10.1061/(asce)co.1943-
7862.0001426 

[26] S. Villagrasa, D. Fonseca and J. Duran, 
"Teaching case: Applying gamification 
techniques and virtual reality for learning 
building engineering," in ACM Proceedings of 

the second international conference on 

technological ecosystems for enhancing 

multiculturality, Spain, pp. 171-177, 2014. 
DOI: 
https://doi.org/10.1145/2669711.2669896 

[27] S. Vassigh, D. Davis, A. Behzadan, A. 
Mostafavi, K. Rashid, H. Alhaffar, A. Elias and 
G. Gallardo, "Teaching Building Sciences in 
Immersive Environments: A Prototype Design, 
Implementation, and Assessment," 
International Journal of Construction 

Education and Research, vol. 16, no. 4, pp. 
180-196, 2018. DOI: 
https://doi.org/10.1080/15578771.2018.15254
45 

[28] J. Loomis, J. Blascovich and A. Beall, 
"Immersive virtual environment technology as 
a basic research tool in psychology," Behavior 

Research Methods, Instruments, & Computers, 
vol. 31, no. 4, pp. 557–564, 1999. DOI: 
https://doi.org/10.3758/bf03200735 

[29] G. Riva and B. Wiederhold, The Role of Virtual 
Reality in Social and Behavioral Research., 
Springer, 2009.  

[30] G. Amichay, L. Li, M. Nagy and I. D. Couzin, 
"Revealing the mechanism and function 
underlying pairwise temporal coupling in 
collective motion," Nature Communications, 
vol. 15, no. 1, p. 4356, 2024. DOI: 
https://doi.org/10.1038/s41467-024-48458-z 

[31] D. Deffner, D. Mezey, B. Kahl, A. Schakowski, 
P. Romanczuk, C. M. Wu and R. H. J. M. 
Kurvers, "Collective incentives reduce over-
exploitation of social information in 
unconstrained human groups," Nature 

Communications volume, vol. 15, no. 1, p. 
2683, 2024. DOI: 
https://doi.org/10.31234/osf.io/p3bj7 

[32] M. J. Park, D. J. Kim, U. Lee3, E. J. Na and H. 
J. Jeon, "A Literature Overview of Virtual 
Reality (VR) in Treatment of Psychiatric 
Disorders: Recent Advances and Limitations," 
Frontier in Psychiatry, vol. 10, p. 505, 2019. 
DOI: https://doi.org/10.3389/fpsyt.2019.00505 

[33] N. M. D’Cunha, D. Nguyen, N. Naumovski, A. 
J. McKune, J. Kellett, E. N. Georgousopoulou, 

WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS 
DOI: 10.37394/23209.2026.23.27

Elda Robi, Mariarosaria Picone, 
Ilaria Henke, Armando Carteni

E-ISSN: 2224-3402 353 Volume 23, 2026



J. Frost and I. Stephen, "A Mini-Review of 
Virtual Reality-Based Interventions to Promote 
Well-Being for People Living with Dementia 
and Mild Cognitive Impairment," Gerontology, 
vol. 65, no. 4, pp. 430–440, 2019. DOI: 
https://doi.org/10.1159/000500040 

[34] F. Ercan, "An Examination On The Use Of 
Immersive Reality Technologies In The Travel 
And Tourism Industry," Business And 

Management Studies An International Journal, 
vol. 8, no. 2, pp. 2348–2383, 2020. DOI: 
https://doi.org/10.15295/bmij.v8i2.1510 

[35] K. Balasubramanian, P. Kunasekaran, R. Konar 
and S. Manickam, "Integration of Augmented 
Reality (AR) and Virtual Reality (VR) as 
Marketing Communications Channels in the 
Hospitality and Tourism Service Sector," in 
Marketing Communications and Brand 

Development in Emerging Markets Volume II, 
Insights for a Changing World, pp. 55-79, 2022. 
DOI: https://doi.org/10.1007/978-3-030-
95581-6_3 

[36] S. C. A. Thomopoulos, C. Karafylli, M. 
Karafylli, D. Motos, V. Lampropoulos, K. 
Dimitros and C. Margonis, "wayGoo: a 
platform for geolocating and managing indoor 
and outdoor spaces," in Signal Processing, 

Sensor/Information Fusion, and Target 

Recognition XXV, SPIE Defense + Security, 
Baltimore, MD, United States, vol. 9842, pp. 
435-448, 2016. DOI: 
https://doi.org/10.1117/12.2223399 

[37] J. A. Arellana, L. Garzón, J. Estrada and V. 
Cantillo. "On the use of virtual immersive 
reality for discrete choice experiments to 
modelling pedestrian behaviour," Journal of 

Choice Modelling, vol. 37, pp. 100251, 2020. 
DOI: 
https://doi.org/10.1016/j.jocm.2020.100251 

[38] A. Cartenì, I. Henke and M. Picone, "The value 
of waiting spaces: Tourists’ willingness to pay 
for high-quality bus terminals," Transportation 

Research Interdisciplinary Perspectives, vol. 
26, pp. 101129, 2024. DOI: 
https://doi.org/10.1016/j.trip.2024.101129 

[39] G. Sudhakaran, A. Prabhakaran, C. Booth, S. 
Abbey, A. Mahamadu, P. Georgakis and M. 
Pohle, "Stepping into Safety: A Systematic 
Review of Extended Reality Technology 
Applications in Enhancing Vulnerable Road 
User Safety," Smart and Sustainable Built 

Environment, vol. 14, no. 6, pp. 1664-1700, 
2025. DOI: https://doi.org/10.1108/sasbe-10-
2023-0321 

[40] A. Cartenì, I. Henke, A. Falanga, and M. 
Picone. “Transport quality and user perception: 
Effect of bus station hedonic quality on student 
trip behavior.” Journal of Transport 

Geography, vol. 126, pp. 104235, 2025. DOI: 
https://doi.org/10.1016/j.jtrangeo.2025.104235 

[41] S. Yao, J. Zhang, Z. Hu, Y. Wang and X. Zhou, 
"Autonomous-driving vehicle test technology 
based on virtual reality," The Journal of 

Engineering, vol. 18, no. 16, pp. 1397-1797, 
2018. DOI: 
https://doi.org/10.1049/joe.2018.8303 

[42] A. M. Nascimento, A. C. M. Queiroz, L. F. 
Vismari, J. N. Bailenson, P. S. Cugnasca, J. B. 
Camargo Junior and J. R. de Almeida, "The 
Role of Virtual Reality in Autonomous 
Vehicles’ Safety," in IEEE International 

Conference on Artificial Intelligence and 

Virtual Reality (AIVR), San Diego, pp. 50-507, 
2019. DOI: 
https://doi.org/10.1109/aivr46125.2019.00017 

[43] E. Cascetta, A. Cartenì, and A. Carbone. "The 
quality in public transportation. The campania 
regional metro system [La progettazione 
quality-based nel trasporto pubblico locale. Il 
sistema di metropolitana regionale delia 
Campania]." Ingegneria Ferroviaria vol. 68, 
no. 3, pp. 241-261, 2013. 

[44] N. Mouter, M. Dean, C. Koopmans, and J. M. 
Vassallo, “Comparing cost-benefit analysis and 
multi-criteria analysis”, in Advances in 

transport policy and planning, vol. 6, pp. 225-
254, 2020. DOI: 
https://doi.org/10.1016/bs.atpp.2020.07.009 

[45] A. Carteni, “Updating demand vectors using 
traffic counts on congested networks: A real 
case application”. WIT Transactions on the 

Built Environment vol. 96, pp. 211-221, 2007. 
DOI: https://doi.org/10.2495/ut070211 

[46] G. Lyons, and C. Davidson, “Guidance for 
transport planning and policymaking in the face 
of an uncertain future”. Transportation 

Research Part A: Policy and Practice, vol. 88, 
pp. 104-116, 2016. DOI: 
https://doi.org/10.1016/j.tra.2016.03.012 

 
 
 
 
 
 
 
 
 
 

WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS 
DOI: 10.37394/23209.2026.23.27

Elda Robi, Mariarosaria Picone, 
Ilaria Henke, Armando Carteni

E-ISSN: 2224-3402 354 Volume 23, 2026



 
 
Contribution of Individual Authors to the 

Creation of a Scientific Article 

(Ghostwriting Policy)  
The authors equally contributed in the present 
research, at all stages from the formulation of the 
problem to the final findings and solution.  
 

Sources of Funding for Research Presented 

in a Scientific Article or Scientific Article 

Itself  
No funding was received for conducting this study.  
 

Conflict of Interest 
The authors have no conflicts of interest to declare 
that are relevant to the content of this article.  
 

Creative Commons Attribution License 4.0 

(Attribution 4.0 International, CC BY 4.0)  
This article is published under the terms of the  
Creative Commons Attribution License 4.0  
https://creativecommons.org/licenses/by/4.0/deed.e
n_US 

 

WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS 
DOI: 10.37394/23209.2026.23.27

Elda Robi, Mariarosaria Picone, 
Ilaria Henke, Armando Carteni

E-ISSN: 2224-3402 355 Volume 23, 2026




