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Abstract 

This paper presents a survey on Virtual Reality (VR) immersion in the Intelligent 
Transportation System (ITS). The semantic meaning of training in virtual reality 
includes the analysis of functions and structure of a virtual system. Driver Assistance 

System (DAS) takes the three-dimensional input using radar and vision systems to 

assist drivers in driving activities. These systems are not only used to identify the key 
challenges of building an adaptive virtual environment but also to make the virtual 

driving training and urban planning possible and effective. There is a lack in 
understanding VR effectiveness, exposure of VR to the human psyche, and the efficient 
outcomes of using VR for training purposes. Currently, the focus of research is on the 
concept of presence but this paper gives an advanced review in the multifaceted field. 

It starts with the customary theory of reality and merges it with virtual reality. The 
relationship between driver training, urban development, and treatment of driving 
phobias results in an intelligent Driver Training System (DTS). DTS gives the 

missing key benefit for the full control of another dimension Knowledge of these 
relevant factors can play a vital role in the development of new VR applications for 

DTS. In this paper, we will discuss three key characteristics which are an assessment, 

the involvement of users, and efficiency of results produced to evaluate factors 
affecting driver’s performance, transportation planning and treatment of phobic 
patients. In this paper literature from 1975 to 2025 is evaluated. 

Keywords: Intelligent Transportation System (ITS); Urban Development; Driver 

Training Systems (DTS); Virtual Reality (VR); Psychological Problems; Driver 

Behavior, Driver Safety Assistance; Transportation Planning; Virtual Intelligent 

Vehicle (VIV); Driver Assistance System (DAS). 
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Introduction 

The ever-increasing need for transportability has brought an enormous number of 

vehicles on the roads [1]. Populating roads with a rapidly increasing number of 

vehicles has caused inefficiencies [2]. Inadequacies in infrastructure, higher mobility 

rate, inexperience, driver behavior, urban development and psychological problems 

affect the performance of the driver. It is believed that these are the main causes of the 

higher accident rate in larger cities [3]. Thousands of traffic accidents occur every year, 

causing numerous casualties and tremendous economic loss in Pakistan as shown in 

Fig. 1., as mentioned in a report by the Pakistan Bureau of Statistics. These accidents 

are increasing as the traffic mass is increasing with the years. Intelligent Transportation 

System (ITS) could be employed to reduce the inadequacies of the current 

transportation system. ITS focuses on driver training and assessment, the design of an 

efficient road network to ensure safety and restoration of infrastructure so that effective 

mobility could be made possible [4], [5], [6]. Driver training system, driver assistance 

system and virtual intelligent vehicles are steps towards the Intelligent Transportation 

System. An approach is required to obtain adaptability of new traffic circumstances, 

providing assistance and to address situational complexity, therefore a more 

humanistic transportation solution shall be provided. 

This can be apprehended by introducing ITS for the management of urban 

development [7], [8], driver training [9], and assessment [10]. Furthermore, medical 

treatment can be provided using VR-based simulators to drivers with psychological 

[11] and physical disabilities [12]. This report presents a systematic review of the use 

of Virtual Reality (VR) in developing ITS. VR is a computer-generated 3-dimensional 

environment, where interaction can be done using sensors like a Head-mounted display 

(HMD) or haptic feedback gloves. VR systems are currently used in multiple fields, 

such as in the medical field, different simulation-based systems have been developed 

for the surgical training, rehabilitation, and therapy of phobic people. VR-based 

rehabilitation and therapy systems allow doctors to present patients with scenarios that 

they have difficulty facing and imagining. 

Similarly, the adoption of VR in transportation research is very important as it 

helps to counter various traffic-related risks and safety issues [13], [14], [15]. The 

survey will specifically focus on major components of ITS such as design and analysis 

of road infrastructure, tools for driver training and assessment, and tools for driving 

phobia treatment 
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Figure 1: Statistics of Traffic Accidents in Pakistan 
 

 

Literature Review 

Over the past two decades, ITS has been established and organized to improve 

transportation safety, driver performance, and mobility [16], [17]. Drivers’ 

performance plays a vital role in ITS because the dynamicity and adaptability of road 

infrastructure are dependent on it. Better infrastructure would not matter if the driver 

drives hazardously which results in accidents [18]. Furthermore, due to the careless 

behavior of the driver the adaptability and mobility of traffic declines. Novice drivers 

can be trained in virtual reality to enhance their skill set, which will increase their 

performance and consequently adaptability of the whole system [19]. Similarly, 

computer-aided driver training could be used to help physically [12] and 

psychologically [11] challenged drivers. Another issue is an ever-increasing number 

of vehicles which put a strain on existing road infrastructure. 

To enhance the capability of existing infrastructure and to introduce new 

infrastructure, tools are required to analyze different scenarios on existing road 

infrastructure [20]. Computational tools could be used by urban planners and transport 

managers for modifying and enhancing road infrastructure [21], [22]. 

VR powered immersive technology can be used to develop systems that would 

contribute to developing ITS [23]. This study has been performed to analyze state-of- 

the-art literature and technology, which could be employed for the sustainability of the 

road infrastructure and to improve the driving characteristics of individuals. The 

purpose of performing this research is to identify how the evolution of VR to study 

driver behavior has impacted the ITS. Furthermore, this research is performed to 

identify the statistics of various impacts such as health conditions, driver behavior, and 

Statistics of Traffic Accidents in Pakistan (2009- 
2021) 

20000 

0 

Total Number of Accidents Fatal 

Non - Fatal Killed 

Injured Total Number of VehiclesInvolved 



Systematic literature review to explore use of VR P a g e | 124 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

gender. Articles are included after reading titles and abstracts to induce correlation 

with the research objective. Importance of VR in transportation 

A systematic literature review is important for exploring the use of virtual reality 

in transportation because this can help to develop cognitively-intelligent transportation 

system. The systems developed till now can be categorized in three categories: (i) 

urban development [20], (ii) driver training for skill set enhancement [6], and (iii) 

treatment of phobias related to driving [11]. Driving simulations play an important role 

in driver training and assessment [13], [24], [25]. 

Prior to construction, the road networks can be analyzed through virtual 

simulations based on traffic flows and congestion [26], [27], [28], [29]. The virtual 

simulations can help to generate data regarding driver behaviors, which can be used in 

developing an advanced driver aid system (ADAS) for assisting the driver during real- 

life driving [30], [31], [32], [33], [34]. Thus, the VR-based driving environments and 

experimentations can help to tackle and evaluate various safety risks and traffic issues, 

efficiently. An intelligent transportation system (ITS) needs to be designed to achieve 

efficiency by incorporating the above three aspects in combination. Because these 

three aspects are dependent on each other to sustain transportability [35]. 

Therefore, by overlooking one and addressing the other will reduce the 

effectiveness and numerous situations will be ignored. For example, if road 

infrastructure is well designed but the driver, while driving, stays low on performance 

due to long tunnel or high-speed phobias, it will affect the feasibility of the road 

infrastructure. In this example, there is a high dependency between urban development 

and the performance of the driver. 

Research area of ITS will remain incomplete if the factor of a realistic approach 

for implementing ITS in virtual reality (VR) is ignored [36], [37], [38]. Here realistic 

approach refers to the implementation of ITS in VR considering the real-life scenarios 

and uncertain situations. Immersion in VR will robust the tool for driver training and 

computational modelling of adaptive urban development [39], [40]. The Figure 2 

depicts an overview of the evolution of VR applications in transportation research from 

1975 to 2025. In diagram we can see how role of VR in studying driver behavior has 

evolved in transportation research. 
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Figure 2: Overview of the evolution of VR applications in transportation research 
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Taxonomy 

In reviewing the literature on the use of virtual reality in transportation research, 

the studies can be grouped into a clear taxonomy based on their focus and 

methodology. The first layer distinguishes VR technology types, including head- 

mounted displays, CAVE environments, and desktop simulations. Within these, the 

research is further divided by the driver behavior aspects studied, such as cognitive 

decision-making, visual perception, and motor responses. Another branch classifies 

the work according to transportation contexts, for example, passenger vehicles, freight 

systems, or mixed traffic scenarios. Finally, the studies can also be grouped by 

methodological approach, including controlled experiments, simulator-based 

evaluations, and field trials. This classification helps to make sense of a diverse body 

of work and provides a structured basis for comparing results across different 

subfields. 

Discussion 

The realistic approach is an important school of thought in developing ITS using 

VR. This approach for implementing ITS in VR comprises a list of features. Some 

general features, which will assist user realistically [41], [42], [43], are explained in 

this section. 

Driving Simulator 

Traditionally, driving simulation models have been used to train drivers to adapt 

to traffic layouts, rules, and behaviors [19], [44]. During the last decade, there has been 

a growing interest in designing driving simulators to train and instruct drivers [45], 

[46], [47]. Later psychologists and physicists have been paying special consideration 

to the driver training using simulators [43], [48]. Because the mobility depends upon 

many characteristics as it is basically a result of driver behavior and stimulus from the 

external dynamic environment. Furthermore, the driver’s behavior is influenced by the 

dynamics and physics of the vehicle [18], [49]. Psyche and physique of a driver 

interpret his behavior with respect to the stimulus generated from internal (previous 

experience) or external environment (rain, light intensity, accidents etc) [50]. Previous 

experiences reshape the behavior of a driver with respect to the external stimulus 

generated from the predictable or unpredictable environment. Driver models could be 

designed on the basis of generic driver behaviors. In some recent studies, different 

types of simulators have been proposed involving the dynamics of traffic, pedestrians 

and other kinds of vehicles [51], [52], [53], [54]. VR pedestrian training simulator is 

designed to educate and train children to safely cross intersections for injury 

prevention [55], [56]. These simulators aid in performing cost-effective and safe 

experiments related to transportation research and the models developed based on 

these experiments can be used to develop realistic traffic simulations [57], [58], [59]. 
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1. Car Dynamics, Model, and Physics 

Driving simulators play a significant role in development of a autonomous vehicle 

where human factors and driver assistance systems are primarily concerned [60], [61], 

[62]. Because factors such as a vehicle's body dynamics play a very sensitive role, 

driving simulator activities must be similar to the reality [63], [64], [65]. simulation- 

based experiments can be carried out in close proximity to actual driving conditions, 

which can produce precise results [49]. A vehicle's dynamics model affects a driver's 

perception to a greater extent [66], [67]. Vehicle Dynamics Model (VDM) of a VR 

Driver Training System (DTS) calculates the physics and maneuverability of a real 

vehicle, where calculations are performed with respect to the environmental 

circumstances and the inputs being provided. A model can be proposed for calculating 

the movement of near-side vehicles when driving in the usual environment, 

demonstrating real vehicle behavior on the roads. [68]. DTS is a training system that 

trains and tests a novice driver to improve driving skills [69]. Various DTS of this kind 

have been proposed recently [69], [70], [71]. Furthermore, the traffic simulation 

models also present realistic and probable behavior in some oppressive driving 

conditions such as maneuverability while avoiding a collision. Model validation is 

another important part to make sure that the VDM behaves like a real vehicle [72], 

[73], [74]. In addition, the VDM can be trained to analyze the assessment data when 

executing the predefined manoeuvres [75]. At last, the VDM validation is performed 

consisting of DTS experiments where diversely skilled drivers are evaluated against 

the new VDM to assess the behavior of the new model [76], [77]. Modern vehicles 

contain mechatronic components to provide ease to the drivers. Mechatronics 

components such as Anti-Lock Braking System (ABS), an electronic stability program 

(ESP) and Predictive Advanced Front Lightning System (P-AFS) provides safety to 

the driver. P-AFS is used in the VR based night drive simulator in which the effects of 

vehicle dynamics on the lighting can be assessed [78]. 

2. Dynamic Environment 

In virtual reality, 3D environment designing introduces noticeable challenges for 

simulator development. Most of the VR based systems are based on monolithic 

architecture (architecture with the static environment), that affects the usability of a 

system [79], [80], [81]. To make an environment more realistic, various factors such 

as weather, lighting conditions, terrains, and other environmental aspects are 

incorporated into a VR based environment [58], [71], [82], [83], [84]. When there is a 

new model or notion that requires implementation of a new function such as lighting 

conditions, it becomes impossible to extend or replace that novel functionality. Key 

problem in the existing development trend of VR simulators is that it results in 

advancements with minute evolvement. To resolve this dynamicity problem, there is a 

need for an Adaptive Dynamic Environment to develop VR simulators for achieving 
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better and precise results while performing experiments. Such environments and 

their adaptability are presented in some recent studies [85], [86]. sometimes various 

issues related to environmental dynamics include immersion of the trainee in VE and 

the association of VR simulator reliability. Driving simulator performance cannot 

impact the context-specific environment. Avoidance of a key feature (dynamic 

environment) implementation in simulator will badly affect the performance of a 

novice driver (trained on that simulator) on road. To achieve realism in the driving 

simulator, HDS cluster system, is used which generates a scenario that is highly 

immersive. It is achieved by running the driving simulator based on PC clusters [87]. 

Furthermore, the implementation of dynamic environment feature in driving simulator 

will result in an economic and pedagogical advantage [88]. 

3. Virtual Intelligent Vehicle (VIV) 

The intelligent driving behavior of the VIV in the driving simulation system is 

fundamental to achieve realism and reliability of the simulator [89], [90]. Such 

depiction of intelligent vehicles is already reported in some recent studies [91], [92]. 

Experimenting with different algorithms in VR training systems is an essential step 

while equipping upcoming simulators with intelligent capabilities. This step is 

sometimes difficult to perform, particularly, due to technological complications such 

as hardware capability or time requirement of an algorithm [93], [94], [95]. Sometimes 

it is challenging to emulate the same situation or setup, repeatedly. Moreover, some 

intense or acute circumstances cannot be experimented in real life. VIV retrieves the 

information from the surrounding environment with high efficiency to accomplish the 

decision-making process required to generate a response in the form of manoeuvres 

for stimulus using VR driving simulators. This stimulus depends on internal (Previous 

experience) and external environment (rain, light intensity, accidents, traffic flow etc). 

Therefore, the evaluation of algorithms implemented in cars, using the same 

experimental setup (an environment is required repetitively for performing 

experiment) with simulation tools to assess driver performance in situations, will be 

near to reality. Superscape VR based simulator is designed which collects data from 

the surrounding environment using virtual sensors and then manipulates the 

manoeuvres of a controlled vehicle to keep safe distance [96]. 

4. Road Traffic 

Road transportation is a motion of the vehicle to transport people and goods from 

a place to its destination through road networks [5]. Road networks with congested 

traffic flow, unpredictable driver behavior and dynamic scenarios create a problem 

[97]. Traffic flow is categorized by many problematic features that shape it such as 

congestion [98] It is hard to be analyzed and to infer for providing an optimized 

solution. Microscopic traffic models identify the behavior of the traffic flow and the 

interaction of traffic within. Microscopic models of traffic simulate single driver 



Systematic literature review to explore use of VR P a g e | 129 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

vehicle systems, these models reflect microscopic properties of a vehicle, such as 

single-vehicle position and velocity. However, in a few recent studies, the flow of 

microscopic traffic and optimization of traffic flow has been studied [14], [15]. 

Furthermore, traffic flows are inherently dynamic in nature [97]. Dynamic traffic flow 

is defined as the number of vehicles on the road that varies with respect to time, and 

with a substantial amount of unpredictable driver behavior according to the 

environment. The massive number of vehicles at the same time on the road means an 

excessive number of instantaneous interactions. Therefore, traffic road simulator with 

previously designed traffic models has the capacity to evolve. It will enable one to 

study the impact of congested traffic flow, the road network and driver behavior on 

traffic fluency. In DTS, the traffic generation module will center on a system with 

multiple vehicles in which each vehicle is an entity with autonomous behavior. This 

will provide a reliable road traffic simulation solution that will be used for 

experimenting with a road network [98]. Physicists are currently working on the 

physics of traffic flow. Vehicle movement is a result of driver manoeuvres that has 

many characteristics. These manoeuvres depend upon the driver behavior and stimulus 

generated from external environment [101]. AReViRoad is VR based simulator that 

helps in determining the impact of the road network on traffic fluidity [102], [103]. 

Traffic flows can be modelled and simulated using advanced technologies for 

performance assessment to determine the flaws in transportation planning [104], [105] 

that will make transportation intelligent, by eliminating problems such as congestion 

[106], [107]. 

5. Driving Simulator for Training 

The word “driving simulator” was initially used for the hardware equipped with 

the software used to measure the driver behavior in virtual reality [108]. In the early 

stages, simulators were used for research in vehicle industries and research labs to 

study driver behavior. But now the term “driving simulator” is used for driver training 

to improve driving skills, psychological phobias related to driving or for issuance of 

driver’s license [109]. Realistic car driving also necessitates the driver to look in 

surrounding because visual attention is an important measure of good driving [110]. 

The driving simulator has three main perspectives [111], [112], [113]: 

a. Driver training 

In driver training, the focus is made on safe driving, virtually intelligent vehicle 

simulation, visual attention, following the traffic rules, and learning adaptability to 

dynamic traffic environments (rainy weather, urban or rural road network), so it is also 

stated as a driver training simulator [114]. 

b. Assessment of driver 
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This is actually the assessment of driver’s behavior, where the core demands must 

be analogous to driving in the real world, and the driver executes a series of standard 

experiments that are valid and credible. This type of application can be named as a 

driver assessment simulator [86]. 

c. Driver Safety 

The general objective of driver safety component is to discover the use of virtual 

reality as probable means for driver training. The specific objectives of the driver 

safety component are: 

1. Transforming or translating real-life driving into the VR world [115]. 

2. Development of a VR learning situation that can exist as an assessment tool for 

learning driver behavior in unpredictable situations [116]. 

3. Performing a series of experiments within the VR world to conclude if the 

developed learning scenario is effective for training to ensure safe driving [117]. 
4. Perceiving and processing environment information and presenting this 

information correctly [118]. 

5. Gathered information from the experiments conducted can be used to investigate 

the feasibility of providing safe driving knowledge to drivers and initiating 

effective practices in the virtual world for future developments in fields of 

transportation [119]. 

The driving simulator is used as an assessment tool for the study of driver 

knowledge related to safety on road. Safe driving, the behavioural study of a driver, 

traffic flow and vehicle dynamics are some applications of DTS [120]. 

Urban Development 

Since the last 25 years, urban development planning has two standpoints that 

govern the research discussions. The first perspective is technical and the second one 

is communicative perspective [42]. To implement these perspectives, the methodology 

for planning a process is required. Furthermore, urban planning requires a continuous 

cycle of development between methodology and technology to implement both 

perspectives. The ever-increasing use of VR technologies can be used for the 

implementation of both perspectives to plan urban development [42]. During the last 

decade, 3D computer-aided designing (CAD) and 3D modelling have been used in 

urban planning. There is a need for the 3D city models and VR simulations implicating 

technical and communicative perspectives. These will possibly work as an aid to 

perform scenario-based experiments for urban planning. Advancements in hardware 

and software technologies accompanied by the iterative development of 

communication and information technology can help in building such a platform. In a 

recent study, autonomous vehicle driving and its simulation on urban road networks 

have been studied [57], [121]. Urban planners are using VR technology which has 
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open ways to new research areas including dynamic environment design, 

transportation planning, work zone design, and road network modelling. Innovations 

in the field of virtual reality are indicating the importance of simulation in urban 

development and planning [122]. It has been adopted in many cities for providing aid 

to urban planners in planning new and efficient city models. Simulation can be made 

to perform experiments to check feasibility and fidelity of the suggested infrastructure 

[5]. VRTram is used for examination of Light Rail Transit (LRT) from aspects of urban 

planning [123], [124]. Virtual reality GIS was founded in the 1950s. GIS is highly 

applicable to urban planning [125]. In urban planning quality of road construction 

projects is an aspect that has an impact on the driver's ability to adapt traffic conditions 

e.g., bridge designing with respect to current development space [126], [127], [128]. 

Air quality is also a factor which affects the process of urban planning in the aspect of 

eco-friendly ITS [129]. 

1. Intelligent Transportation System 

Evolution of Intelligent Transportation Systems (ITS) has shifted the paradigm of 

transportation at its peak by lowering the risk factor on road. General information and 

communication technologies are prioritizing intelligent transportation as a vital 

element of social and economic growth of a country [130]. More challenging problems 

are evolved in developing ITS because of an increase in the number of vehicles on 

road. Now for advancement or evolution there is a need for the transport 

methodologies to be intelligent and efficient [131]. Intelligent transportation systems 

require new tools like CAD, VR, LIDAR, sensors, latest hardware and software 

technologies to validate old transportation models. The human factor must also be 

included while developing an ITS. It cannot be based on the monolithic development 

of mobility system only. Due to the unpredictability of human behavior, it is not 

possible to make an intelligent transportation system without studying human behavior 

in certain potential situations. 

2. Transportation Planning 

Transportation management and planning has played a vital role in urban 

planning and development. The past decade has been an era of substantial evolution of 

using VR in transportation planning and engineering [132]. VR simulations can be 

developed and experimented on users and urban planners to get feedback for an 

efficient decision-making process. Simulation tool must include unpredictable and 

dynamic environment (traffic flows, weather forecast, etc.) [133], focusing on driver 

behavior, so as to help city transportation planners to make the decision for the 

regeneration of the efficient infrastructure [134], [135], [136], [137]. Professionals in 

the field of transportation planning and management can analyze experiments 

performed on simulation tools to predict the outcome of building a preferred structure 
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on ITS. Different strategies can be applied in a VR simulated environment that will 

lead to the evolution of new methodologies for transportation planning [138], [139]. 

3. Work Zone Design 

Driving simulators are also used for road safety in the working zone [140]. 

Implementation of work zone design has following perspectives that need to be 

fulfilled to avoid accidents and gain in driver’s knowledge of taking certain actions in 

work zone without getting disturbed [141]. 

1. Design of a work zone that minimally or does not affect the natural flow of traffic. 

2. Knowledge building of novice drivers using VR simulation for the required 

actions to be performed in the work zone. 

3. Work zone durations on highways must be of a medium or small duration so that 

traffic flow is not disturbed for a longer period. 

4. Replicating the real environment in VR simulation to perform certain experiments 

to check the fidelity of the work zone design. 

Health 

VR training and evaluation systems are being applied within military, education, 

health, and public settings. With multiple aspects, research is being performed on VR 

technology and its influence on health. Recently, it is observed as a common approach 

to studying different health and behavior related aspects during a virtual driving 

environment [69], [142], [143]. User experience is influenced by the factors affecting 

his health. The user is evaluated and diagnosed with VR sickness symptoms. Around 

65% of users are observed to have an increase in symptoms of nausea [144]. Other 

diseases diagnosed after using Head Mounted Devices (HMD’s) are headache, pain in 

eyes, redness of the eyes and nausea [144]. The simulator sickness badly influences 

user performance [145]. 

1. Psychology 

Real-life experiences or psychological impairments sometimes lead to certain 

phobias in human beings. Phobias pierce roots into human behavior resulting in 

disturbed daily routine, for example, PTSD (Post-traumatic stress disorder) and 

agoraphobia [146], [147], [148]. VR simulations can be used to remove the fear of a 

patient (driver) by making him face the situation that is phobic for him [149]. The 

mentioned scenario was executed to perform statistical and visual analyses for 

evaluating the driver’s performance and symptoms of phobia [150]. Research studies 

performed on such scenario have shown improvements in driver’s psychological 

behavior and caused a reduction in the symptoms of driving phobias like anxiety, panic 

attacks and sweaty palms [151]. Moreover, the study of autistic people while 

performing in VR driving environments have been reported, previously [109], [152], 
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[153]. KMRREC (Kessler Medical Rehabilitation Research and Education 

Corporation) developed a driving simulator for testing the cognitive ability of the 

driver. The tested drivers were stroke victims and had a traumatic brain injury. Drs. 

Simone and Schultheis have stated that this simulator will enhance the sense of 

presence of the patients [154]. Driver’s fatigue and distraction are one of the cognitive 

aspects that cause road accidents. Auditory warnings can also be used to enhance the 

sense of presence [155], [156], [157]. Head up displays are recently being used in the 

field of automotive research. Head-up displays (HUDs) decreases driver’s reaction 

time because of improvement in cognitive ability such as spatial awareness [158]. 

People are reluctant to drive because of their health conditions that has affected both 

physiological and psychological. Figure 3. below depicts the gender-based distribution 

of US drivers affected by health conditions. 

Figure 3: Gender based distribution of US drivers affected by health conditions 
 

 

2. Driver Behavior 

Driver Training System (DTS) is ever more used for training drivers, but 

uncertainties like practical realization and immersion still are major problems, when 

the validity and reliability of a simulator for accident prevention is concerned [159]. 

Driver behavior, while driving in virtual environments, has been studied 

previously[153], [160], [161]. To check the fidelity of the DTS in accident prevention 

following must be considered. 

1. Dynamic environment. 

2. Previous experience of the trainee. 

3. Incapability to predict behavior of drivers in the surrounding on the road. 

4. High-speed vehicles. 
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5. The minimum distance required to take safety measures in uncertain situations. 

Previous knowledge or experience significantly affect the speed adopted by the 

driver [162], [163]. Unpredictable traffic flows are a cause of accidents and injuries 

due to the previous experience of a driver [164]. DTS can be applied as a supporting 

tool in the process of urban transportation planning. Use of a DTS is a significant 

approach to foresee the safety effectiveness of preferred transportation plan in urban 

development, thus it is a cost-effective solution. Driver behaviors are studied using VR 

simulators such as TranSim [118], [165]. Driver Rehabilitation simulators are designed 

which measures user feedback and comfort for refining the decision-making ability of 

the driver by providing assistance using different techniques [166], [167]. 

3. Physical Injuries 

The capability to drive a vehicle is a significant skill for people with a physical 

injury to maintain perfection in life. But for that it needs frequent installation of an 

ADS (Adaptive Driving System) to control acceleration, deceleration, and steering 

[168]. Some recent studies depict the effect of injuries on driving performance [169], 

[170]. VR based environment is designed, in which the driver’s pulse wave is recorded 

while driving. Experimental data illustrates the physiological response while 

performing manoeuvres [171]. ADS consists of two types of Adaptive Driving 

Controls (ADC) that are electrical and mechanical [47]. Electrical ADC works by 

transforming generated electric signals into motorized actuators [172]. DTS is 

worthwhile for ADS because they let users to experiment diverse control devices like 

Antilock Braking System (ABS) and Adaptive Cruise Control (ACC), to rehearse 

driving without the risks of presence on the road. Furthermore, it can be used to assess 

disabled drivers in a safe manner e.g. National Highway Traffic Safety Administration 

(NHTSA), which is an ADS and supports disabled drivers by accommodating their 

driving needs [173]. Figure 4 depicts drivers affected by adverse health conditions that 

avoid driving. 
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Figure 4: Drivers affected by adverse health conditions 
 

 

Virtual Reality Supported Training Systems 

Virtual environment (VE) supported training systems are more widespread than 

ever due to improved VR technology. VR based driving simulators have a signified 

challenge for VR technology [174]. VR based applications are growing rapidly in 

every field of life including education, health care, entertainment, engineering, fashion, 

business, and transportation [175] as they are facilitating with the realistic and cost- 

efficient environment. VR refers to the use of computer modelling and simulation to 

enable a person to interact with an artificial three-dimensional visual or other sensory 

environment such as goggles, headsets, gloves, or bodysuits [176]. A serious game is 

a simulation-based learning tool, designed to focus on a primary purpose, rather than 

pure entertainment, providing interactive learning environments using gaming 

interfaces familiar to the end-users [177], [178]. Many research studies and reports 

recommend the use of virtual reality in training users to conduct tasks that are either 

too costly or too dangerous to perform in real life [179], [180], [181]. Venture 
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investments from 2020 to 2028 are depicted in the Figure 5 below. Data is collected 

from Nielsen’s super data. 

Figure 5: Venture investments from 2020 to 2028 
 

 

Conclusion 

 
Training is an important part of getting skilled in any of the profession. Conventional 

methods of training for many of such professions are very expensive and sometimes 

life-threatening. For example, to assess a driver in a certain environment will require 

an environmental setup and repetition of assessment, which is an expensive task to 

perform. Such assessment can cause severe injuries, pollution, and may apply many 

constraints on understanding and performance of the trainee. To overcome all these 

problems, VR based training systems have been developed and used, which have 

improved their training mechanisms. Such training systems have made great progress 

in the last decade. Such fields of work include medical training, military training, 

driver training, and urban development This paper has introduced DTS, ITS and 

transportation planning using virtual reality within a training context. We have 

represented a survey which can be used to implement stated features in future in VR 
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to achieve high efficacy and cost-effectiveness in building Intelligent Transportation 

System (ITS). 

 

Limitations 

While this review presents a comprehensive synthesis of VR applications in 

transportation research, certain limitations must be acknowledged. The literature 

search was limited to selected academic databases and publications in English, which 

may have excluded relevant studies in other languages or less-accessible sources. 

Variations in study quality, sample sizes, and the rapidly evolving nature of VR 

technology introduce challenges in drawing uniform conclusions. Additionally, many 

included studies were conducted in controlled environments, which may not fully 

capture the complexity of real-world driving situations. These factors should be 

factored in when interpreting the findings and considering future research directions. 

References 

[1] “Traffic Dynamics: Method for Estimating Freeway Travel Times in Real Time 

from Flow Measurements | Journal of Transportation Engineering | Vol 122, No 

3.” Accessed: Oct. 16, 2019. [Online]. Available: 

https://ascelibrary.org/doi/pdf/10.1061/%28ASCE%290733- 

947X%281996%29122%3A3%28185%29 

[2] “Automobile Dependency and Economic Development.” Accessed: Oct. 16, 

2019. [Online]. Available: 

https://scholar.googleusercontent.com/scholar?q=cache:kOq9gBqQgwgJ:scholar 

.google.com/+greater+number+of+vehicles+on+road+causes+in+efficiency&hl 
=en&as_sdt=0,5 

[3] S. Erdogan, “Explorative spatial analysis of traffic accident statistics and road 

mortality among the provinces of Turkey,” Journal of safety research, vol. 40, no. 
5, pp. 341–351, 2009. 

[4] O. M. J. Carsten and L. Nilsson, “Safety Assessment of Driver Assistance 

Systems,” European Journal of Transport and Infrastructure Research, vol. 1, 

pp. 225–243, Nov. 2001. 

[5] R. Chen, “The development of 3D city model and its applications in urban 

planning,” in 2011 19th International Conference on Geoinformatics, June 2011, 

pp. 1–5. doi: 10.1109/GeoInformatics.2011.5981007. 

[6] R. Rossi, G. Gecchele, M. Gastaldi, F. Biondi, and C. Mulatti, “An advanced 

driver assistance system for improving driver ability. Design and test in virtual 

environment,” in 2017 5th IEEE International Conference on Models and 

Technologies for Intelligent Transportation Systems (MT-ITS), June 2017, pp. 

509–513. doi: 10.1109/MTITS.2017.8005725. 

[7] M. R. Tayyaran and A. M. Khan, “The effects of telecommuting and intelligent 

transportation systems on urban development,” Journal of Urban Technology, 

vol. 10, no. 2, pp. 87–100, 2003. 



Systematic literature review to explore use of VR P a g e | 138 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[8] S. Hanson and G. Giuliano, The Geography of Urban Transportation. Guilford 

Press, 2004. 

[9] Y. Wang, P. Peng, L. Liang, W. Zhang, and S. Wu, “Road hazard reaction testing 
using driving simulation: the novice vs. the experienced drivers,” in 2007 IEEE 
International Conference on Industrial Engineering and Engineering 
Management, Dec. 2007, pp. 477–481. doi: 10.1109/IEEM.2007.4419235. 

[10] N. Shah, B. Cho, F. Geth, K. Clement, P. Tant, and J. Driesen, “Electric vehicle 

impact assessment study based on data-logged vehicle and driver behavior,” in 
2011 IEEE Vehicle Power and Propulsion Conference, Sept. 2011, pp. 1–6. doi: 

10.1109/VPPC.2011.6043146. 

[11] B. K. Wiederhold and M. D. Wiederhold, “Virtual Reality Treatment of 

Posttraumatic Stress Disorder Due to Motor Vehicle Accident,” 

Cyberpsychology, Behavior, and Social Networking, vol. 13, no. 1, pp. 21–27, 

Feb. 2010, doi: 10.1089/cyber.2009.0394. 

[12] R. Kizony, L. Raz, N. Katz, H. Weingarden, and P. L. T. Weiss, “Video-capture 
virtual reality system for patients with paraplegic spinal cord injury.,” Journal of 

Rehabilitation Research & Development, vol. 42, no. 5, 2005. 

[13] C. Tao and W. Lang, “Virtual Simulation Test System for Traffic Safety Risks 

Identification,” in 2011 Fourth International Conference on Intelligent 

Computation Technology and Automation, Mar. 2011, pp. 995–998. doi: 

10.1109/ICICTA.2011.250. 

[14] J. W. Woo and S. B. Lee, “Test-bed design for evaluation of intelligent 

transportation systems and intelligent vehicle systems,” in 13th International 

Conference on Advanced Communication Technology (ICACT2011), Feb. 2011, 

pp. 1511–1514. 
[15] Y. Yu, A. El Kamel, G. Gong, and F. Li, “Multi-agent based modeling and 

simulation of microscopic traffic in virtual reality system,” Simulation Modelling 
Practice and Theory, vol. 45, pp. 62–79, June 2014, doi: 

10.1016/j.simpat.2014.04.001. 

[16] J. Zhang, F.-Y. Wang, K. Wang, W.-H. Lin, X. Xu, and C. Chen, “Data-driven 
intelligent transportation systems: A survey,” IEEE Transactions on Intelligent 
Transportation Systems, vol. 12, no. 4, pp. 1624–1639, 2011. 

[17] G. Dimitrakopoulos and P. Demestichas, “Intelligent transportation systems,” 

IEEE Vehicular Technology Magazine, vol. 5, no. 1, pp. 77–84, 2010. 

[18] I.-K. Hong, J.-B. Ryu, J. Cho, K.-H. Lee, and W. Lee, “Development of a Driving 

Simulator for Virtual Experience and Training of Drunk Driving,” 2011. 

[19] C. V. Cox, R. Wharam, R. Mouran, and D. J. Cox, “Does Virtual Reality Driving 

Simulation Training Transfer to On-Road Driving in Novice Drivers? A Pilot 

Study,” Chronicle of the American Driver and Traffic Safety Education 

Association, vol. 57, no. 1, 2009, [Online]. Available: 

https://trid.trb.org/view.aspx?id=917445 
[20] J. P. Isaacs, D. J. Gilmour, D. J. Blackwood, and R. E. Falconer, “Immersive and 

non immersive 3D virtual city: decision support tool for urban sustainability,” Jan. 



Systematic literature review to explore use of VR P a g e | 139 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

2011, [Online]. Available: 

https://repository.abertay.ac.uk/jspui/handle/10373/663 

[21] D. M. Simpson, “Virtual Reality and Urban Simulation in Planning: A Literature 

Review and Topical Bibliography,” CPL bibliography, vol. 15, no. 3, pp. 359– 

376, Feb. 2001, doi: 10.1177/08854120122093078. 

[22] G. Drettakis, M. Roussou, A. Reche, and N. Tsingos, “Design and Evaluation of 

a Real-World Virtual Environment for Architecture and Urban Planning,” 

Presence: Teleoperators and Virtual Environments, vol. 16, no. 3, pp. 318–332, 

May 2007, doi: 10.1162/pres.16.3.318. 

[23] “A virtual-reality based integrated driving-traffic simulation system to study the 
impacts of intelligent transportation system (ITS) - IEEE Conference 
Publication.” Accessed: Aug. 07, 2018. [Online]. Available: 

https://ieeexplore.ieee.org/abstract/document/1253449/ 

[24] B. Blissing, “Driving in Virtual Reality : Investigations in Effects of Latency and 

Level of Virtuality,” 2016, [Online]. Available: http://www.diva- 

portal.org/smash/record.jsf?pid=diva2:974947 

[25] P. Angkititrakul, C. Miyajima, and K. Takeda, “Impact of driving context on 

stochastic driver-behavior model: Quantitative analysis of car following task,” in 

2012 IEEE International Conference on Vehicular Electronics and Safety (ICVES 

2012), July 2012, pp. 163–168. doi: 10.1109/ICVES.2012.6294301. 

[26] X. Li et al., “Traffic Management and Forecasting System Based on 3D GIS,” in 

2015 15th IEEE/ACM International Symposium on Cluster, Cloud and Grid 

Computing, May 2015, pp. 991–998. doi: 10.1109/CCGrid.2015.62. 

[27] X. Li, Z. Lv, W. Wang, C. Wu, and J. Hu, “Virtual reality GIS and cloud service 

based traffic analysis platform,” in 2015 23rd International Conference on 

Geoinformatics, June 2015, pp. 1–6. doi: 

10.1109/GEOINFORMATICS.2015.7378556. 
[28] X. Li et al., “WebVRGIS based traffic analysis and visualization system,” 

Advances in Engineering Software, vol. 93, pp. 1–8, Mar. 2016, doi: 
10.1016/j.advengsoft.2015.11.003. 

[29] A. Paz, N. Veeramisti, R. Khaddar, H. de la Fuente-Mella, and L. Modorcea, 

“Traffic and Driving Simulator Based on Architecture of Interactive Motion,” The 
Scientific World Journal. [Online]. Available: 

https://www.hindawi.com/journals/tswj/2015/340576/ 

[30] A. Kemeny, “From Driving Simulation to Virtual Reality,” in Proceedings of the 

2014 Virtual Reality International Conference, in VRIC ’14. New York, NY, 
USA: ACM, 2014, p. 32:1-32:5. doi: 10.1145/2617841.2620721. 

[31] B. Ricaud, R. Lietar, and C. Joly, “Are Virtual Reality headsets efficient for 

remote driving?,” in Conference on Road Safety & Simulation 2015 (RSS 2015), 

in Proceedings of the International Conference on Road Safety & Simulation. 

Orlando, United States, Oct. 2015. Accessed: Aug. 15, 2017. [Online]. Available: 
https://hal.archives-ouvertes.fr/hal-01510779 

http://www.hindawi.com/journals/tswj/2015/340576/


Systematic literature review to explore use of VR P a g e | 140 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[32] M. K. Silvéria, “Virtual Windshields: Merging Reality and Digital Content to 

Improve the Driving Experience,” arXiv:1405.0910 [cs], May 2014, Accessed: 

Aug. 15, 2017. [Online]. Available: http://arxiv.org/abs/1405.0910 

[33] J. W. Woo, S. B. Yu, and S. B. Lee, “Design and simuation of a vehicle test bed 

based on intelligent transport systems,” Int.J Automot. Technol., vol. 17, no. 2, 

pp. 353–359, Apr. 2016, doi: 10.1007/s12239-016-0036-7. 
[34] D. Llopis-Castelló, F. J. Camacho-Torregrosa, J. Marín-Morales, A. M. Pérez- 

Zuriaga, A. García, and J. F. Dols, “Validation of a Low-Cost Driving Simulator 

Based on Continuous Speed Profiles,” Transportation Research Record, vol. 

2602, no. 1, pp. 104–114, Jan. 2016, doi: 10.3141/2602-13. 

[35] “Sustainability | Free Full-Text | Sustainable Urban Transport in the Developing 

World: Beyond Megacities | HTML.” Accessed: Aug. 07, 2018. [Online]. 

Available: http://www.mdpi.com/2071-1050/7/6/7784/htm 

[36] D. S. Sarwatt, Y. Lin, J. Ding, Y. Sun, and H. Ning, “Metaverse for intelligent 

transportation systems (ITS): A comprehensive review of technologies, 

applications, implications, challenges and future directions,” IEEE Transactions 

on Intelligent Transportation Systems, vol. 25, no. 7, pp. 6290–6308, 2024, 

Accessed: June 19, 2025. [Online]. Available: 

https://ieeexplore.ieee.org/abstract/document/10401029/ 

[37] P. Rani and R. Sharma, “Intelligent transportation system for internet of vehicles 

based vehicular networks for smart cities,” Computers and Electrical 

Engineering, vol. 105, p. 108543, 2023, Accessed: June 19, 2025. [Online]. 

Available: 

https://www.sciencedirect.com/science/article/pii/S0045790622007583 

[38] M. A. D. Khumara, L. Fauziyyah, and P. Kristalina, “Estimation of urban traffic 

state using simulation of urban mobility (SUMO) to optimize intelligent transport 

system in smart city,” in 2018 International electronics symposium on 

engineering technology and applications (IES-ETA), Ieee, 2018, pp. 163–169. 

Accessed: May 07, 2025. [Online]. Available: 

https://ieeexplore.ieee.org/abstract/document/8615508/ 

[39] J. G. Tichon, “Using presence to improve a virtual training environment,” 

CyberPsychology & Behavior, vol. 10, no. 6, pp. 781–788, 2007. 
[40] N. S. Copperman, A. S. Gray, and W. O. Winblad, “Driver training system and 

method with performance data feedback,” Nov. 22, 1994 Accessed: Aug. 07, 

2018. [Online]. Available: https://patents.google.com/patent/US5366376A/en 

[41] B. Lilly, “Driver training technology creates virtual reality,” Transport Topics, 

no. 4112, Aug. 2014, [Online]. Available: 

https://trid.trb.org/view.aspx?id=1321757 

[42] J. Raghothama and S. Meijer, “Gaming, Urban Planning and Transportation 
Design Process,” in Planning Support Systems and Smart Cities, in Lecture Notes 
in Geoinformation and Cartography. , Springer, Cham, 2015, pp. 297–312. doi: 
10.1007/978-3-319-18368-8_16. 

http://arxiv.org/abs/1405.0910
http://www.mdpi.com/2071-1050/7/6/7784/htm
http://www.sciencedirect.com/science/article/pii/S0045790622007583


Systematic literature review to explore use of VR P a g e | 141 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[43] J. G. Buckwalter, “Using virtual reality for clinical assessment and intervention,” 

2012. 

[44] Mao Zhe, Yan Xinping, Zhang Hui, and Wu Chaozhong, “Driving Simulator 

Validation for Drivers’ Speed Behavior,” International Conference on 

Transportation Engineering 2009, Aug. 2017, doi: 10.1061/41039(345)476. 

[45] T. Horberry, J. Anderson, and M. A. Regan, “The possible safety benefits of 

enhanced road markings: a driving simulator evaluation,” Transportation 

Research Part F: Traffic Psychology and Behaviour, vol. 9, no. 1, pp. 77–87, 

2006. 

[46] M. T. Center, “Driving Simulator Study of J-Turn Acceleration/Deceleration 

Lane and U-Turn Spacing Configurations,” 2016. 

[47] S. Birrell, M. Young, N. Stanton, and P. Jennings, “Using Adaptive Interfaces to 

Encourage Smart Driving and Their Effect on Driver Workload,” in Advances in 

Human Aspects of Transportation, Springer, 2017, pp. 31–43. 

[48] T. D. Parsons et al., “Virtual Reality in Pediatric Psychology,” Pediatrics, vol. 

140, no. Supplement 2, pp. S86–S91, Nov. 2017, doi: 10.1542/peds.2016-1758I. 

[49] F. Bella, “Can Driving Simulators Contribute to Solving Critical Issues in 
Geometric Design?,” Transportation Research Record: Journal of the 

Transportation Research Board, vol. 2138, pp. 120–126, Dec. 2009, doi: 

10.3141/2138-16. 

[50] N. Pallamin and C. Bossard, “Presence, Behavioural Realism and Performances 

in Driving Simulation,” IFAC-PapersOnLine, vol. 49, no. 19, pp. 408–413, Jan. 

2016, doi: 10.1016/j.ifacol.2016.10.600. 

[51] K. Mahadevan, E. Sanoubari, S. Somanath, J. E. Young, and E. Sharlin, “AV- 

Pedestrian Interaction Design Using a Pedestrian Mixed Traffic Simulator,” in 

Proceedings of the 2019 on Designing Interactive Systems Conference, ACM, 

2019, pp. 475–486. 
[52] J. Tang, Y. Gao, H. Yu, Y. Wang, Y. Ai, and D. Cao, “Real-time Display Method 

for Mining Vehicle Simulation based on Virtual reality,” in 2019 IEEE 28th 

International Symposium on Industrial Electronics (ISIE), IEEE, 2019, pp. 1530– 
1535. 

[53] A. Keler et al., “A bicycle simulator for experiencing microscopic traffic flow 

simulation in urban environments,” in 2018 21st International Conference on 

Intelligent Transportation Systems (ITSC), IEEE, 2018, pp. 3020–3023. 

[54] S. Ropelato, F. Zünd, S. Magnenat, M. Menozzi, and R. Sumner, “Adaptive 

tutoring on a virtual reality driving simulator,” International SERIES on 

Information Systems and Management in Creative EMedia (CreMedia), vol. 

2017, no. 2, pp. 12–17, 2018. 

[55] J. McComas, M. MacKay, and J. Pivik, “Effectiveness of Virtual Reality for 
Teaching Pedestrian Safety,” CyberPsychology & Behavior, vol. 5, no. 3, pp. 
185–190, June 2002, doi: 10.1089/109493102760147150. 

[56] J. A. Thomson, A. K. Tolmie, H. C. Foot, K. M. Whelan, P. Sarvary, and S. 

Morrison, “Influence of virtual reality training on the roadside crossing judgments 



Systematic literature review to explore use of VR P a g e | 142 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

of child pedestrians.,” Journal of Experimental Psychology: Applied, vol. 11, no. 

3, p. 175, 2005. 

[57] V. Branzi, L. Domenichini, and F. La Torre, “Drivers’ speed behaviour in real 
and simulated urban roads – A validation study,” Transportation Research Part 
F: Traffic Psychology and Behaviour, vol. 49, pp. 1–17, Aug. 2017, doi: 
10.1016/j.trf.2017.06.001. 

[58] L. Domenichini, F. L. Torre, D. Vangi, A. Virga, and V. Branzi, “Influence of the 

lighting system on the driver’s behavior in road tunnels: A driving simulator 
study,” Journal of Transportation Safety & Security, vol. 9, no. 2, pp. 216–238, 

Apr. 2017, doi: 10.1080/19439962.2016.1173155. 

[59] N. Fouladinejad, N. Fouladinejad, M. K. A. Jalil, and J. M. Taib, “Modeling 

virtual driving environment for a driving simulator,” in 2011 IEEE International 

Conference on Control System, Computing and Engineering, Nov. 2011, pp. 27– 

32. doi: 10.1109/ICCSCE.2011.6190490. 
[60] K. B. Chen, X. Xu, J.-H. Lin, and R. G. Radwin, “Evaluation of Older Driver 

Functional Range of Motion using Virtual Reality,” Proceedings of the Human 
Factors and Ergonomics Society Annual Meeting, vol. 59, no. 1, pp. 1279–1279, 
Sept. 2015, doi: 10.1177/1541931215591206. 

[61] X. Chen, G. Tian, C.-Y. Chan, Y. Miao, J. Gong, and Y. Jiang, “Bionic Lane 

Driving of Autonomous Vehicles in Complex Urban Environments: Decision- 

Making Analysis,” Transportation Research Record: Journal of the 

Transportation Research Board, no. 2559, 2016, [Online]. Available: 

https://trid.trb.org/view.aspx?id=1393807 

[62] L. DING, Y. ZHANG, X. LI, J. XIONG, and X. ZHANG, “Expressway Safety 
Evaluation Based on Virtual Driving Course [J],” Highway, no. 10, p. 38, 2007. 

[63] L. I. N. Gui-xiang, “Intelligent Training System for Substation based on Multi- 

agent System and Virtual Reality Technology,” Guangxi Electric Power, vol. 3, 

2007. 

[64] J. He and W. Hou, “Key Technologies of the Virtual Driving Platform Based on 

EON,” in 2011 International Conference on Virtual Reality and Visualization, 
Nov. 2011, pp. 263–266. doi: 10.1109/ICVRV.2011.25. 

[65] C. Heimgartner, “Virtual ITS-Evaluation–Establishment of Micro-Simulation for 

the City Centre of Zurich,” 2012. [Online]. Available: 

https://trid.trb.org/view.aspx?id=1263465 

[66] W. Wang, J. Xi, and H. Chen, “Modeling and Recognizing Driver Behavior Based 

on Driving Data: A Survey,” Mathematical Problems in Engineering. Accessed: 

Sept. 17, 2018. [Online]. Available: 
https://www.hindawi.com/journals/mpe/2014/245641/ 

[67] K. Driggs-Campbell and R. Bajcsy, “Identifying modes of intent from driver 

behaviors in dynamic environments,” in Intelligent Transportation Systems 
(ITSC), 2015 IEEE 18th International Conference on, IEEE, 2015, pp. 739–744. 

http://www.hindawi.com/journals/mpe/2014/245641/


Systematic literature review to explore use of VR P a g e | 143 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[68] S. Gillani, I. Khan, S. Qureshi, and A. Qayyum, “Vehicular ad hoc network 

(VANET): enabling secure and efficient transportation system,” Technical 

Journal, University of Engineering and Technology, Taxila, vol. 13, 2008. 

[69] R. Agrawal, M. Knodler, D. L. Fisher, and S. Samuel, “Virtual Reality Headset 
Training: Can It Be Used to Improve Young Drivers’ Latent Hazard Anticipation 
and Mitigation Skills,” Transportation research record, vol. 2672, no. 33, pp. 20– 
30, 2018. 

[70] D. Sportillo, A. Paljic, L. Ojeda, P. Fuchs, and V. Roussarie, “Light Virtual 
Reality systems for the training of conditionally automated vehicle drivers,” in 

2018 IEEE Conference on Virtual Reality and 3D User Interfaces (VR), IEEE, 

2018, pp. 693–694. 

[71] K. Gardelis, A. S. Lalos, and K. Moustakas, “Development of an Eco-Driving 

Simulation Training System with Natural and Haptic Interaction in Virtual Reality 

Environments.,” in VISIGRAPP (2: HUCAPP), 2018, pp. 94–101. 

[72] C. D. Wang and J. P. Thompson, “Apparatus and method for motion detection 

and tracking of objects in a region for collision avoidance utilizing a real-time 

adaptive probabilistic neural network,” Mar. 1997 

[73] S. Al-Sultan, A. H. Al-Bayatti, and H. Zedan, “Context-Aware Driver Behavior 

Detection System in Intelligent Transportation Systems,” IEEE Transactions on 

Vehicular Technology, vol. 62, no. 9, pp. 4264–4275, Nov. 2013, doi: 

10.1109/TVT.2013.2263400. 

[74] D. Jia, K. Lu, and J. Wang, “A disturbance-adaptive design for VANET-enabled 
vehicle platoon,” IEEE Transactions on Vehicular Technology, vol. 63, no. 2, pp. 

527–539, 2014. 

[75] S. A. Hadiwardoyo, S. Patra, C. T. Calafate, J.-C. Cano, and P. Manzoni, “An 

Android ITS driving safety application based on vehicle-to-vehicle (V2V) 

communications,” in Computer Communication and Networks (ICCCN), 2017 

26th International Conference on, IEEE, 2017, pp. 1–6. 

[76] R. Jayakrishnan, H. S. Mahmassani, and T.-Y. Hu, “An evaluation tool for 

advanced traffic information and management systems in urban networks,” 

Transportation Research Part C: Emerging Technologies, vol. 2, no. 3, pp. 129– 

147, 1994. 

[77] E. Hollnagel, A. N\a abo, and I. V. Lau, “A systemic model for driver-in-control,” 
2003. 

[78] J. Berssenbrugge, J. Bauch, and J. Gausemeier, “A Night Drive Simulator for the 

Evaluation of a Predictive Advanced Front Lighting System,” in 2006 ITI 4th 

International Conference on Information Communications Technology, Dec. 

2006, pp. 1–2. doi: 10.1109/ITICT.2006.358231. 

[79] C.-C. Hsu and K.-H. Chuang, “Traffic and Environmental Cues and Slow-Down 
Behaviors in Virtual Driving,” Percept Mot Skills, vol. 122, no. 1, pp. 101–122, 
Feb. 2016, doi: 10.1177/0031512516629274. 

[80] J. Hu and X. Cao, “Simulation of Road and Traffic Scenario in a Driving 

Simulator,” Transactions of Beijing Institute of Technology, vol. 7, 2008. 



Systematic literature review to explore use of VR P a g e | 144 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[81] C.-H. Huang and C.-W. Chao, “The Effects on Driving Speed of a Head-Up 

Display of Road Warnings,” Percept Mot Skills, vol. 121, no. 2, pp. 494–508, Oct. 

2015, doi: 10.2466/26.25.PMS.121c21x8. 

[82] L. Meuleners and M. Fraser, “A validation study of driving errors using a driving 
simulator,” Transportation Research Part F: Traffic Psychology and Behaviour, 
vol. 29, pp. 14–21, Feb. 2015, doi: 10.1016/j.trf.2014.11.009. 

[83] I. Oztel and C. Oz, “Developing a Virtual Driving simulator for Educational 

Puposes,” Balkan Journal of Electrical and Computer Engineering, vol. 2, no. 2, 

2014, doi: 10.17694/bajece.99219. 

[84] M. S. Kim, S. B. Yu, S. Y. Lee, and M. C. Lee, “Development of a telematics 

evaluation environment based on a driving simulator and its application,” Int.J 

Automot. Technol., vol. 12, no. 5, p. 755, Oct. 2011, doi: 10.1007/s12239-011- 

0087-8. 

[85] H. Fabroyir and W.-C. Teng, “Navigation in virtual environments using head- 

mounted displays: Allocentric vs. egocentric behaviors,” Computers in Human 

Behavior, vol. 80, pp. 331–343, 2018. 

[86] B. Brown et al., “Assessment of human driver safety at Dilemma Zones with 
automated vehicles through a virtual reality environment,” in 2018 Systems and 
Information Engineering Design Symposium (SIEDS), IEEE, 2018, pp. 185–190. 

[87] D. duo Liao, “A real-time high-fidelity driving simulator system based on PC 

clusters,” in 11th IEEE International Conference on Engineering of Complex 

Computer Systems (ICECCS’06), 2006, p. 5 pp.-. doi: 

10.1109/ICECCS.2006.1690370. 

[88] J. Zhang, “Innovative application of virtual display technique in virtual museum,” 

in IOP Conference Series: Materials Science and Engineering, IOP Publishing, 

2017, p. 012043. 

[89] F. Gechter, J.-M. Contet, S. Galland, O. Lamotte, and A. Koukam, “Virtual 
intelligent vehicle urban simulator: Application to vehicle platoon evaluation,” 
Simulation Modelling Practice and Theory, vol. 24, pp. 103–114, May 2012, doi: 
10.1016/j.simpat.2012.02.001. 

[90] H. Han-wu, L. Yong-ming, and L. Yan, “Virtual reality based intelligent vehicle 

modeling in driving SIMULATION system,” in 2006 7th International 

Conference on Computer-Aided Industrial Design and Conceptual Design, Nov. 

2006, pp. 1–5. doi: 10.1109/CAIDCD.2006.329474. 

[91] M. Postranecky, M. Svitek, and E. C. Zambrano, “SynopCity\copyright Virtual 

HUB-A Testbed for Smart Cities,” IEEE Intelligent Transportation Systems 

Magazine, vol. 10, no. 2, pp. 50–57, 2018. 

[92] A. Mahmood, B. Butler, and B. Jennings, “Potential of augmented reality for 

intelligent transportation systems,” arXiv preprint arXiv:1806.04724, 2018. 

[93] I. Hughes, “Virtual worlds, augmented reality, blended reality,” Computer 
Networks, vol. 56, no. 18, pp. 3879–3885, Dec. 2012, doi: 
10.1016/j.comnet.2012.09.016. 



Systematic literature review to explore use of VR P a g e | 145 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[94] H. Ibrahim and B. H. Far, “Simulation-based benefit analysis of pattern 

recognition application in intelligent transportation systems,” in 2015 IEEE 28th 

Canadian Conference on Electrical and Computer Engineering (CCECE), May 

2015, pp. 507–512. doi: 10.1109/CCECE.2015.7129327. 

[95] Y. Ito, C. Soulier, Y. Pencreach, B. Hafferty, and P. Hafferty, “The application of 
cloud computing in transport planning using interactive 3D VR simulation 
technology,” in Proceedings of 13th International Conference on Construction 
Applications of Virtual Reality (October 30-31), London, UK, 2013. 

[96] R. w Huang and C. h Lai, “Development of Fuzzy-based Automatic Vehicle 

Control System in a Virtual Reality Environment,” in 2007 International 
Conference on Emerging Technologies, Nov. 2007, pp. 184–189. doi: 

10.1109/ICET.2007.4516340. 

[97] Q. Delacroix, C. Durandiere, M. Gourgand, and S. Ruch, “A Modelling 

Environment For Urban Traffic Performance Evaluation,” WIT Transactions on 

The Built Environment, vol. 18, 1970. 
[98] K. R. Bisset and R. L. Kelsey, “Simulation of traffic flow and control using 

conventional, fuzzy, and adaptive methods,” Los Alamos National Lab., NM 
(United States), 1992. 

[99] H. Yang, Y. Shen, M. Hasan, D. Perez, and J. Shull, “Framework for Interactive 

M 3 Visualization of Microscopic Traffic Simulation,” Transportation Research 
Record, vol. 2672, no. 44, pp. 62–71, 2018. 

[100] F. F. Habbal, F. F. Habbal, A. Al Shawabkeh, A. Al Nuaimi, and A. Safi, “Using 

Virtual Reality Simulation for Optimizing Traffic Modes Toward Service Level 

Enhancements.,” in ISARC. Proceedings of the International Symposium on 

Automation and Robotics in Construction, IAARC Publications, 2019, pp. 831– 
837. 

[101] J. Félez, J. Maroto, G. Romero, and J. M. Cabanellas, “A Full Driving Simulator 

of Urban Traffic including Traffic Accidents,” SIMULATION, vol. 83, no. 5, pp. 
415–431, May 2007, doi: 10.1177/0037549707083109. 

[102] D. Herviou and E. Maisel, “AReViRoad: a virtual reality tool for traffic 

simulation,” WIT Press, June 2006, pp. 297–305. doi: 10.2495/UT060301. 

[103] D. Herviou and E. Maisel, “AReViRoad : a traffic road simulator to learn how to 

behave,” in 2005 International Conference on Cyberworlds (CW’05), Nov. 2005, 

p. 7 pp. – 262. doi: 10.1109/CW.2005.21. 

[104] G. Ayres and R. Mehmood, “On Discovering Road Traffic Information Using 
Virtual Reality Simulations,” in 2009 11th International Conference on Computer 

Modelling and Simulation, Mar. 2009, pp. 411–416. doi: 

10.1109/UKSIM.2009.14. 

[105] G. Drettakis, M. Roussou, A. Reche, and N. Tsingos, “Design and Evaluation of 
a Real-World Virtual Environment for Architecture and Urban Planning,” 

Presence: Teleoperators and Virtual Environments, vol. 16, no. 3, pp. 318–332, 
May 2007, doi: 10.1162/pres.16.3.318. 



Systematic literature review to explore use of VR P a g e | 146 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[106] G. Papageorgiou, P. Damianou, A. Pitsillides, T. Aphamis, D. Charalambous, and 

P. Ioannou, “Modelling and Simulation of Transportation Systems: a Scenario 

Planning Approach.,” Automatika: Journal for Control, Measurement, 

Electronics, Computing & Communications, vol. 50, 2009. 

[107] J.-K. Lee, Y.-H. Lim, and S.-D. Chi, “Hierarchical Modeling and Simulation 
Environment for Intelligent Transportation Systems,” SIMULATION, 
vol. 80, no. 2, pp. 61–76, Feb. 2004, doi: 10.1177/0037549704042860. 

[108] S. T. Godley, T. J. Triggs, and B. N. Fildes, “Driving simulator validation for 

speed research,” Accident analysis & prevention, vol. 34, no. 5, pp. 589–600, 

2002. 

[109] D. J. Cox et al., “Can youth with autism spectrum disorder use virtual reality 

driving simulation training to evaluate and improve driving performance? An 

exploratory study,” Journal of autism and developmental disorders, vol. 47, no. 

8, pp. 2544–2555, 2017. 

[110] L. Hoffman, J. M. McDowd, P. Atchley, and R. Dubinsky, “The role of visual 

attention in predicting driving impairment in older adults,” Psychology and Aging, 

vol. 20, no. 4, pp. 610–622, 2005, doi: 10.1037/0882-7974.20.4.610. 

[111] R. Harkness, “Driver training system,” May 08, 2001 Accessed: Aug. 08, 2018. 

[Online]. Available: https://patents.google.com/patent/US6227862B1/en 

[112] D. R. Schreier, C. Banks, and J. Mathis, “Driving simulators in the clinical 
assessment of fitness to drive in sleepy individuals: A systematic review,” Sleep 
medicine reviews, 2017. 

[113] R. Chhabra, S. Verma, and C. R. Krishna, “A survey on driver behavior detection 

techniques for intelligent transportation systems,” in 2017 7th International 

Conference on Cloud Computing, Data Science Engineering - Confluence, Jan. 

2017, pp. 36–41. doi: 10.1109/CONFLUENCE.2017.7943120. 

[114] Y. Lang, L. Wei, F. Xu, Y. Zhao, and L.-F. Yu, “Synthesizing personalized 
training programs for improving driving habits via virtual reality,” in 2018 IEEE 
Conference on Virtual Reality and 3D User Interfaces (VR), IEEE, 2018, pp. 297– 
304. 

[115] P. C. Burns and D. Saluäär, “Intersections between driving in reality and virtual 
reality (VR),” 1999, pp. 153–164. [Online]. Available: 

http://cat.inist.fr/?aModele=afficheN&cpsidt=1373233 

[116] L. Liu, M. Miyazaki, and B. Watson, “Norms and Validity of the DriVR: A 

Virtual Reality Driving Assessment for Persons with Head Injuries,” 
CyberPsychology & Behavior, vol. 2, no. 1, pp. 53–67, Feb. 1999, doi: 

10.1089/cpb.1999.2.53. 

[117] M. Baumann et al., “Integrated Modeling for Safe Transportation - Driver 

modeling and driver experiments,” in Fahrermodellierung in Wissenschaft und 

Wirtschaft, T. Jürgensohn and H. Kolrep, Eds., Düsseldorf: VDI-verlag, 2009, pp. 
84–99. [Online]. Available: http://shop.vdi- 

nachrichten.com/buchshop/literaturshop/profisuche.asp?isbn=&themen=28&suc 

hbegriff=&schriftenreihen=2&suche=suchen&autor=&archiv=on&startid=10 

http://cat.inist.fr/?aModele=afficheN&cpsidt=1373233
http://shop.vdi/


Systematic literature review to explore use of VR P a g e | 147 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[118] C. J. Chen and S. C. Toh, “A Feasible Constructivist Instructional Development 

Model for Virtual Reality (VR)-Based Learning Environments: Its Efficacy in the 

Novice Car Driver Instruction of Malaysia,” Educational Technology Research 

and Development, vol. 53, no. 1, pp. 111–123, 2005, doi: 10.2307/30220421. 

[119] M. Baumann et al., “Integrated Modeling for Safe Transportation - Driver 

modeling and driver experiments,” in Fahrermodellierung in Wissenschaft und 

Wirtschaft, T. Jürgensohn and H. Kolrep, Eds., Düsseldorf: VDI-verlag, 2009, pp. 

84–99. [Online]. Available: http://shop.vdi- 

nachrichten.com/buchshop/literaturshop/profisuche.asp?isbn=&themen=28&suc 

hbegriff=&schriftenreihen=2&suche=suchen&autor=&archiv=on&startid=10 

[120] P. K. Kwok, M. Yan, B. K. Chan, and H. Y. Lau, “Crisis Management Training 

Using Discrete-event Simulation and Virtual Reality Techniques,” Computers & 

Industrial Engineering, 2019. 

[121] B. Farooq, E. Cherchi, and A. Sobhani, “Virtual immersive reality for stated 

preference travel behavior experiments: A case study of autonomous vehicles on 

urban roads,” Transportation research record, vol. 2672, no. 50, pp. 35–45, 2018. 
[122] E. Jamei, M. Mortimer, M. Seyedmahmoudian, B. Horan, and A. Stojcevski, 

“Investigating the role of virtual reality in planning for sustainable smart cities,” 
Sustainability, vol. 9, no. 11, p. 2006, 2017. 

[123] T. Kawaguchi, Y. Nishimura, A. Maruhashi, T. Fukuda, and N. Yabuki, “A Study 

of the Virtual Reality Simulation System for LRT Projects towards Sustainable 

City,” in Proceedings of The 14th International Conference on Computer Aided 

Architectural Design Research in Asia, 2009, pp. 23–32. 

[124] X. Wang, “Integrating GIS, simulation models, and visualization in traffic impact 

analysis,” Computers, Environment and Urban Systems, vol. 29, no. 4, pp. 471– 

496, July 2005, doi: 10.1016/j.compenvurbsys.2004.01.002. 

[125] Y. Han, X. Qiao, W. Sun, and L. Zhang, “Application of virtual reality GIS in 
urban planning: an example in Huangdao district,” 2007, pp. 67542J-67542J–10. 
doi: 10.1117/12.765182. 

[126] C. Benedetto, D. Blasiis, M. R, and A. Benedetto, “DRIVING SIMULATION 

BASED APPROACH FOR QUALITY CONTROL OF ROAD PROJECTS,” 

Advances in Transportation Studies, vol. 1, no. 1, Nov. 2003, [Online]. Available: 

https://trid.trb.org/view.aspx?id=689104 

[127] A. Calvi, F. D’Amico, and L. Zakowsa, “Advanced simulation methods in solving 

interdisciplinary problems of planning and designing the transport space,” 

CZASOPISMO TECHNICZNE ARCHITEKTURA, vol. z.2-A, pp. 87–99, 2008. 

[128] Y. CHEN, Y. WANG, F. CAO, and H. XIE, “Application of Virtual Reality in 

Bridge Designing [J],” Communications Standardization, vol. 8, p. 034, 2005. 

[129] E.-S. Zahran, L. Bennett, and M. Smith, “An approach to represent air quality in 
3D digital city models for air quality-related transport planning in urban areas,” 
in Computing in Civil and Building Engineering, Proceedings of the International 
Conference, 2010, p. 19. 

http://shop.vdi/


Systematic literature review to explore use of VR P a g e | 148 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[130] A. Bouhoute, I. Berrada, and M. E. Kamili, “A Formal Driving Behavior Model 

for Intelligent Transportation Systems,” in Networked Systems, in Lecture Notes 

in Computer Science. , Springer, Cham, 2014, pp. 298–312. doi: 10.1007/978-3- 

319-09581-3_21. 

[131] J. Hawkins and K. Nurul Habib, “Integrated models of land use and transportation 
for the autonomous vehicle revolution,” Transport reviews, vol. 39, no. 1, pp. 66– 
83, 2019. 

[132] K. Nagel, R. J. Beckman, and C. L. Barrett, “TRANSIMS for urban planning,” in 

6th international conference on computers in urban planning and urban 

management, Venice, Italy, 1999. 

[133] A. Keler et al., “A bicycle simulator for experiencing microscopic traffic flow 

simulation in urban environments,” in 2018 21st International Conference on 

Intelligent Transportation Systems (ITSC), IEEE, 2018, pp. 3020–3023. 

[134] X. Xu and J. Lazaro, “Research on the Simulation Test of Intelligent Connected 

Automobile Sensor Based on Virtual Reality Technology,” Journal of Computer, 

Signal, and System Research, vol. 2, no. 1, pp. 43–52, 2025, Accessed: June 18, 

2025. [Online]. Available: 
https://www.gbspress.com/index.php/JCSSR/article/view/66 

[135] V. Nagy, C. J. Májer, and S. Lepold, “Eclipse SUMO and Unity 3D integration 

for emission studies based on driving behaviour in virtual reality environment,” 

Procedia Computer Science, vol. 257, pp. 396–403, 2025, Accessed: May 07, 

2025. [Online]. Available: 

https://www.sciencedirect.com/science/article/pii/S1877050925007884 

[136] S. Baldoni, S. Benhamadi, F. Chiariotti, M. Zorzi, and F. Battisti, “Movement- 

and Traffic-based User Identification in Commercial Virtual Reality 

Applications: Threats and Opportunities,” arXiv preprint arXiv:2501.16326, 

2025, Accessed: June 18, 2025. [Online]. Available: 

https://arxiv.org/abs/2501.16326 

[137] A. N. Am, A. Pribadi, M. Rukhshah, Z. Zulfikar, and N. Nurkholis, 

“Implementation of the Luther Method in Virtual Reality Designing of the Flow 

of Making a Driver’s License (SIM) at the Traffic Unit (Satlantas) of the Kampar 

Regency Regional Police,” ABEC Indonesia, pp. 491–502, 2025, Accessed: June 

18, 2025. [Online]. Available: 

https://abecindonesia.org/proceeding/index.php/abec/article/download/463/406 

[138] 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. 2018, 

no. 16, pp. 1768–1771, 2018. 
[139] D. Sportillo, A. Paljic, and L. Ojeda, “Get ready for automated driving using 

Virtual Reality,” Accident Analysis & Prevention, vol. 118, pp. 102–113, 2018. 

[140] F. Bella, “Driving simulation in virtual reality for work zone design on highway: 
a validation study,” differences, vol. 4, p. 5, 2004. 

http://www.gbspress.com/index.php/JCSSR/article/view/66
http://www.sciencedirect.com/science/article/pii/S1877050925007884


Systematic literature review to explore use of VR P a g e | 149 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[141] F. Bella, “Validation of a driving simulator for work zone design,” Transportation 

Research Record: Journal of the Transportation Research Board, no. 1937, pp. 

136–144, 2005. 

[142] H. M. Zinzow et al., “Virtual reality and cognitive-behavioral therapy for driving 
anxiety and aggression in veterans: a pilot study,” Cognitive and behavioral 
practice, vol. 25, no. 2, pp. 296–309, 2018. 

[143] A. Sobhani and B. Farooq, “Impact of smartphone distraction on pedestrians’ 

crossing behaviour: An application of head-mounted immersive virtual reality,” 

Transportation Research Part F: Traffic Psychology and Behaviour, vol. 58, pp. 

228–241, 2018. 

[144] S. Sharples, S. Cobb, A. Moody, and J. R. Wilson, “Virtual reality induced 

symptoms and effects (VRISE): Comparison of head mounted display (HMD), 

desktop and projection display systems,” Displays, vol. 29, no. 2, pp. 58–69, Mar. 

2008, doi: 10.1016/j.displa.2007.09.005. 

[145] S. V. Cobb, S. Nichols, A. Ramsey, and J. R. Wilson, “Virtual reality-induced 

symptoms and effects (VRISE),” Presence: Teleoperators & Virtual 

Environments, vol. 8, no. 2, pp. 169–186, 1999. 

[146] B.-A. J. Menelas, C. Haidon, A. Ecrepont, and B. Girard, “Use of virtual reality 

technologies as an Action-Cue Exposure Therapy for truck drivers suffering from 

Post-Traumatic Stress Disorder,” Entertainment computing, vol. 24, pp. 1–9, 

2018. 

[147] T. D. Parsons and A. A. Rizzo, “Affective outcomes of virtual reality exposure 

therapy for anxiety and specific phobias: A meta-analysis,” Journal of behavior 

therapy and experimental psychiatry, vol. 39, no. 3, pp. 250–261, 2008. 

[148] D. G. Walshe, E. J. Lewis, S. I. Kim, K. O’Sullivan, and B. K. Wiederhold, 
“Exploring the use of computer games and virtual reality in exposure therapy for 

fear of driving following a motor vehicle accident,” CyberPsychology & 

Behavior, vol. 6, no. 3, pp. 329–334, 2003. 

[149] R. T. da Costa, M. R. de Carvalho, P. Ribeiro, and A. E. Nardi, “Virtual reality 

exposure therapy for fear of driving: analysis of clinical characteristics, 

physiological response, and sense of presence,” Revista brasileira de psiquiatria, 

no. AHEAD, pp. 0–0, 2018. 

[150] N. Corriveau Lecavalier, É. Ouellet, B. Boller, and S. Belleville, “Use of 

immersive virtual reality to assess episodic memory: A validation study in older 

adults,” Neuropsychological rehabilitation, pp. 1–19, 2018. 

[151] C. Botella, D. H. V. Martín, A. García-Palacios, R. M. Baños, C. Perpiñá, and M. 

Alcañiz, “Clinically Significant Virtual Environments for the Treatment of Panic 

Disorder  and  Agoraphobia,”  http://www.liebertpub.com/cpb.  [Online]. 

Available: http://online.liebertpub.com/doi/abs/10.1089/cpb.2004.7.527 
[152] V. Ross et al., “Measuring the attitudes of novice drivers with autism spectrum 

disorder as an indication of apprehensive driving: Going beyond basic abilities,” 

Autism, vol. 22, no. 1, pp. 62–69, 2018. 

http://www.liebertpub.com/cpb
http://online.liebertpub.com/doi/abs/10.1089/cpb.2004.7.527


Systematic literature review to explore use of VR P a g e | 150 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[153] N. J. Wilson, H. C. Lee, S. Vaz, P. Vindin, and R. Cordier, “Scoping review of 

the driving behaviour of and driver training programs for people on the autism 

spectrum,” Behavioural neurology, vol. 2018, 2018. 

[154] P. Moinot, L. Simone, and S. Reisman, “A four quadrant inertial mass torque 

reactor based road vibration source for spatial enhancement of virtual reality 

driving simulators,” in Proceedings of the IEEE 31st Annual Northeast 

Bioengineering Conference, 2005., Apr. 2005, pp. 75–76. doi: 

10.1109/NEBC.2005.1431932. 

[155] C.-T. Lin et al., “Assessing Effectiveness of Various Auditory Warning Signals 
in Maintaining Drivers’ Attention in Virtual Reality-Based Driving 
Environments,” Percept Mot Skills, vol. 108, no. 3, pp. 825–835, June 2009, doi: 
10.2466/pms.108.3.825-835. 

[156] Chin-Teng Lin et al., “Distraction-related EEG dynamics in virtual reality driving 

simulation,” IEEE, May 2008, pp. 1088–1091. doi: 

10.1109/ISCAS.2008.4541611. 
[157] M. Wallergård, O. Eriksson, and G. Johansson, “A suggested virtual reality 

methodology allowing people with cognitive disabilities to communicate their 

knowledge and experiences of public transport systems,” Technology and 
Disability, vol. 20, no. 1, pp. 9–24, Jan. 2008. 

[158] V. Charissis and M. Naef, “Evaluation of Prototype Automotive Head-Up Display 

Interface: Testing Driver’s Focusing Ability through a VR Simulation,” in 2007 

IEEE Intelligent Vehicles Symposium, June 2007, pp. 560–565. doi: 

10.1109/IVS.2007.4290174. 

[159] J.-M. Auberlet et al., “The impact of perceptual treatments on driver’s behavior: 

From driving simulator studies to field tests—First results,” Accident Analysis & 

Prevention, vol. 45, pp. 91–98, Mar. 2012, doi: 10.1016/j.aap.2011.11.020. 

[160] C. Fitzpatrick, S. Samuel, M. A. Knodler Jr, D. Fisher, G. P. Mangalore, and Y. 
Ebadi, “Risk Awareness and Perception Training using VR Headsets: The 
Validation of VR Headsets to Measure Hazard Anticipation Behaviors,” 2019. 

[161] D. Sportillo, A. Paljic, L. Ojeda, G. Partipilo, P. Fuchs, and V. Roussarie, “Learn 

how to operate semi-autonomous vehicles with Extended Reality,” 2018. 

[162] M. A. Elliott, C. J. Armitage, and C. J. Baughan, “Drivers’ compliance with speed 

limits: an application of the theory of planned behavior.,” Journal of Applied 

Psychology, vol. 88, no. 5, p. 964, 2003. 

[163] G. Yannis, G. Louca, S. Vardaki, and G. Kanellaidis, “Why do drivers exceed 
speed limits,” European Transport Research Review, vol. 5, no. 3, pp. 165–177, 

2013. 

[164] L. W. Hiselius, “Estimating the relationship between accident frequency and 

homogeneous and inhomogeneous traffic flows,” Accident analysis & prevention, 

vol. 36, no. 6, pp. 985–992, 2004. 

[165] C. Masciocchi, V. Dark, and D. Parkhurst, “Evaluation of Virtual Reality 

Snowplow Simulator Training: A Literature Review,” Sept. 2006, [Online]. 

Available: https://trid.trb.org/view.aspx?id=794599 



Systematic literature review to explore use of VR P a g e | 151 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[166] M. T. S. PhD, J. R. BA, R. M. PhD, and S. R. M. PhD, “Examining the Usability 

of a Virtual Reality Driving Simulator,” Assistive Technology, vol. 19, no. 1, pp. 

1–10, Mar. 2007, doi: 10.1080/10400435.2007.10131860. 

[167] R. H. Rasshofer, J. Rank, and G. Zhang, “Generalized Modeling of Radar Sensors 
for Next-Generation Virtual Driver Assistance Function Prototyping,” 2005. 
[Online]. Available: https://trid.trb.org/view.aspx?id=770752 

[168] S. M. Tudor, “The Development of an Adaptive Driving Simulator,” 2015. 

[169] P. E. Paredes et al., “Driving with the Fishes: Towards Calming and Mindful 

Virtual Reality Experiences for the Car,” Proceedings of the ACM on Interactive, 

Mobile, Wearable and Ubiquitous Technologies, vol. 2, no. 4, p. 184, 2018. 

[170] M. G. Maggio et al., “Cognitive rehabilitation in patients with traumatic brain 

injury: a narrative review on the emerging use of virtual reality,” Journal of 

Clinical Neuroscience, 2019. 

[171] Y. Lin, H. Leng, and H. Cai, “A Study on Driver’s Physiological Non-Intrusive 

Measurement in a Virtual Environment,” Proceedings of the Human Factors and 

Ergonomics Society Annual Meeting, vol. 50, no. 26, pp. 2707–2711, Oct. 2006, 

doi: 10.1177/154193120605002608. 

[172] M. Al-Doori, D. Paluszczyszyn, D. Elizondo, B. Passow, and E. Goodyer, “Range 

extended for electric vehicle based on driver behaviour recognition,” in 5th IET 

Hybrid and Electric Vehicles Conference (HEVC 2014), Nov. 2014, pp. 1–7. doi: 

10.1049/cp.2014.0944. 

[173] J. L. Mashaw and D. L. Harfst, “Inside the National Highway Traffic Safety 

Administration: Legal Determinants of Bureaucratic Organization and 

Performance,” U. Chi. L. Rev., vol. 57, p. 443, 1990. 

[174] J. Cremer, J. Kearney, and Y. Papelis, “Driving simulation: challenges for VR 
technology,” IEEE Computer Graphics and Applications, vol. 16, no. 5, pp. 16– 

20, Sept. 1996, doi: 10.1109/38.536270. 

[175] M. Jiang, “Virtual Reality Boosting Automotive Development,” in Virtual Reality 
& Augmented Reality in Industry, Springer, Berlin, Heidelberg, 2011, pp. 171– 

180. doi: 10.1007/978-3-642-17376-9_11. 

[176] M. Barnes, “Virtual reality and simulation,” in Proceedings of the 28th conference 

on Winter simulation, IEEE Computer Society, 1996, pp. 101–110. 

[177] D. F. Arppe, UniNet: A mixed reality driving simulator. University of Ontario 

Institute of Technology (Canada), 2020. Accessed: May 07, 2025. [Online]. 

Available: 

https://search.proquest.com/openview/ced239bbcedca45acef5c714b9def0af/1?p 

q-origsite=gscholar&cbl=18750&diss=y 

[178] Q. C. Ihemedu-Steinke, P. Halady, G. Meixner, and M. Weber, “VR Evaluation 

of Motion Sickness Solution in Automated Driving,” in Virtual, Augmented and 

Mixed Reality: Interaction, Navigation, Visualization, Embodiment, and 

Simulation, vol. 10909, J. Y. C. Chen and G. Fragomeni, Eds., in Lecture Notes 

in Computer Science, vol. 10909. , Cham: Springer International Publishing, 

2018, pp. 112–125. doi: 10.1007/978-3-319-91581-4_9. 



Systematic literature review to explore use of VR P a g e | 152 

Journal of Computing and Artificial Intelligence Volume 2, Issue 2, 2024 

 

 

[179] M. Nazemi, M. A. van Eggermond, A. Erath, D. Schaffner, M. Joos, and K. W. 

Axhausen, “Studying bicyclists’ perceived level of safety using a cycling 

simulator combined with immersive virtual reality,” in 8th International Cycling 

Safety Conference (ICSC 2019), 2019. 

[180] A. Kemeny, E. Icart, A. Sepchat, F. Colombet, S. Espié, and J.-R. Chardonnet, 
“Large scale collaborative autonomous vehicle simulation and analysis using 
smartphones,” 2018. 

[181] D. Goedicke, J. Li, V. Evers, and W. Ju, “Vr-oom: Virtual reality on-road driving 

simulation,” in Proceedings of the 2018 CHI Conference on Human Factors in 

Computing Systems, ACM, 2018, p. 165. 


	Abstract
	Introduction
	Literature Review
	Taxonomy
	Discussion
	Driving Simulator
	1. Car Dynamics, Model, and Physics
	2. Dynamic Environment
	3. Virtual Intelligent Vehicle (VIV)
	4. Road Traffic
	5. Driving Simulator for Training
	Urban Development
	1. Intelligent Transportation System
	2. Transportation Planning
	3. Work Zone Design
	Health
	1. Psychology
	2. Driver Behavior
	3. Physical Injuries
	Virtual Reality Supported Training Systems
	Conclusion
	Limitations
	References

