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 The objective of this study is to gain a deeper comprehension of the factors 

that play a role in the evolution of virtual reality (VR) for application in the 

investigation of aviation disasters. This study was motivated by the concept 

of utilising VR to create an illusion of the procedures involved in an 

anviation accident. A conceptual model has been presented, to create the 

scene that will be simple to understand the procedure of accident following 

an air crash. The idea is to compile a series of steps that an investigation 

team will go through and then present them in VR. This stage entails 

obtaining complete views of the object before it crashes and at ground level. 

This study contributes to the process of creating the groundwork for 

adopting VR in air crash investigations to provide instructional experiences. 

The idea that was presented in this research focuses on feature of the 

surrounding area of the crash or accident, wreckage distribution, wreckage 

above the ground, wreckage in motion, wreckage at the ground, spatial view 

effect, and full view projection as the primary VR features that are required 

for teaching and learning about air crash accident investigations using VR. 
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1. INTRODUCTION 

Due to the fact that one of the benefits of virtual reality (VR) is the capacity to experience a three 

dimensional (3D) environment rather than a two dimensional (2D) projected environment, this has brought 

the attention of research bodies to the question of whether or not there is a need for further investigation into 

the matter. What exactly is it that makes VR so real? [1]. However, the questions of VR impacts are 

answered following its adoption in on learning outcomes within various educational assessments [2]. 

Currently a graphical computer that makes use of VR makes it feasible for experts such as engineers to 

visualise through the use of electronic models that have been constructed [3]. This would be beneficial in 

offering details behind the structure and system that is being investigated during the phase of development in 

which the structure and system in question is being evaluated. Typically, users can make use of the VR steps 

in order to review the internal setup and create the full scheme in an interactive manner. This is all made 

possible through the VR platform. This has made it possible to design a methodology for quickly laying out a 

three dimensional arrangement of parts and components, as well as quickly executing drawings and defining 

the dimensions of manufacturing and assembly. 

The fact that there is no general consensus on the concept that is acceptable for the use in learning 

about air crash investigation with the help of VR is the issue that this research is attempting to address. This 
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is the problem that is being addressed by this research. The research community has been presented with the 

challenge of ensuring that they provide some hints or ideas regarding how this could be accomplished as a 

result of this. That is the reason why the purpose of this research was to accomplish that. The purpose of 

carrying out this kind of research is to provide users with a better understanding of the real world by 

simulating VR in order to produce a sense of immersion in the environment that would be beneficial to users. 

The justification for carrying out this kind of research is found in the fact that this could be done. In a similar 

vein, experiencing actual life through immersion can make it easier to access and, in some respects, more 

realistic. This is because it was designed with a certain amount of individualization in the viewpoint and 

comprehension, which is the reason why it has this effect [4]. This is due to the fact that it makes use of a 

wide variety of hardware and software configurations in order to present a more all encompassing picture of 

the problem at hand [5]. 

Previous research study emphasised the impact that VR has on enhanced learning. Important to this, 

is the work of Anniballe et al. [6], who noticed that there are lack of specific VR applications for enhanced 

learning of air crash investigation. Additionally, it was shown that there is a widespread absence of correct 

reporting of accident incidences when the conventional methodology was utilised (that is, the typical method 

of investigating an aeroplane crash disaster) [7]. Investigators are the individuals who are tasked with the 

responsibility of identifying all of the debris, photographing it, and labelling it, and this is where the majority 

of the problems can be found. When conducting an investigation into a plane crash utilising manual 

processes, there is a considerable chance of making mistakes [6]. This risk increases as the investigation 

becomes more complex. The question of whether the primary source of the causes of air crashes are man-

made or whether air crash accidents are primarily dependent on the structural airworthiness associated with 

the structural integrity of an aeroplane is another contradictory fact relating to air crash investigations that 

research tends to ignore [8]. This is yet another contradiction that relates to the investigations of air crashes. 

A important option that can be presented by VR is to include both man made causes and the structural 

integrity of an aircraft crash report. 

A growing complexity of products and an increase in human errors (e.g., a lack of attention, a 

misinterpretation, or a bad judgement) in industries have led to an increase in accidents [9]. It is possible to 

employ VR technology in a range of aeronautical applications. Annotation, visualisation, manufacturing, path 

planning, air crash investigation, safety assessment, workforce training, skill transfer, and military training 

exercises within the air force are just a few examples of these applications in use today [10]. VR technology 

has the apparent advantage of decreasing the overall cost of a project. To give you an idea, Jo et al. [11] did 

research on the possibility of using an intelligent reality system to aid aeroplane mechanic who are required 

to undertake difficult procedures as part of their job obligations. The goal of this system is to reduce the 

number of errors that occur during operations as well as the costs that are related to time by employing user 

friendly interfaces. Consequently, the VR system has been put through its paces in a variety of test hangars 

by stakeholders. Additionally, VR technologies have to be validated before they can be used in space. One 

useful illustration of this is the optical see through equipment installed in space stations, which can employ 

immersive VR as a pedagogical tool for the investigation of aircraft accidents. 

This research examines how VR can be used to aid in the investigation of air crash accidents and to 

facilitate learning. Understanding how to improve training in air crash investigation through the use of VR 

features and steps is at the heart of this notion. One explanation for this is that it has brought a new level of 

understanding within our grasp. For example, a crash scene's force time history and contact with a target can 

be used to analyse the impact. Using a VR environment to teach this type of event can help students better 

comprehend it. In this study, the primary elements required in VR for teaching and learning about air 

collision accident investigation were identified as feature of surrounding region of the crash/accident, 

wreckage distribution, wreckage above the ground, wreckage in motion, and wreckage at the ground. 

Investment in air crash safety and business sense will triumph if this method is used. Investigations into plane 

crashes can be made better with the help of state based accident concepts. All present and anticipated 

accident investigation methods are covered. This is the paper's most important contribution. 

 

 

2. RELATED WORK 

It has been the responsibility of the aerospace safety and investigation centre to conduct the study 

dubbed air crash investigation. Delivery is done through given class, fieldwork, and labs, in the same way it 

has been done in traditional schools. Research into air crash investigations has both successful and 

problematic, according to past studies, Burgess & Moran [12] for example, focus on virtual environments for 

simulation of accident investigation. Learning methods are always changing in today's environment. Training 

and teaching in air crash accident investigation would be conducted in a digital laboratory environment. This 

study's major goal and criterion is to evaluate the effectiveness of a post crash investigative team. In this 

study, the effectiveness of using virtual laboratory environments in accident investigations is evaluated and 
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the advantages of these environments are outlined. There is a clear need for the air crash investigation 

educational system to integrate virtual learning as an integral part of the investigation process. Concerns 

about the approach of planes in frequent communication are discussed by Hecht [13]. 

One of the most critical conditions for a successful air accident investigation to have the public's and 

the aviation industry's confidence that an independent and objective investigation can be conducted by the 

agency. Quite a numenbr of reserch within the contex of this area comes with relativel the same finding [14]. 

An analysis of the accident investigation agency's actual and perceived independence. The use task analysis 

and a competency framework for air accident investigators to illustrate the hierarchical nature of task 

assignments. Why do aviation accident investigators do what they do? That was the focus of this study. Air 

accident investigators need an to structure and organise the many tasks they must do. To validate hierarchical 

task analysis, the panel of subject matter experts should be used, and each panel member should elicit their 

own competences. Another key impediment to the air crash investigation is the difficulty of adequately 

documenting the causes of true professional accidents and the nuances involved. While conducting research, 

a competency framework was built and is planned to be used in the selection and training of future 

investigators from a number of safety critical domains. It will also provide a detailed guide to show whether 

people are good investigators and those who aren't. Some extremely important cases have shown that 

determining the incident's learning value before gathering evidence can be a difficult and time consuming 

endeavour. In order to look into specific types of incidents, it has been noticed that investigating agencies 

make an attempt to participate in some measure. Researchers have shown that investigators work best when 

they are in a neutral environment, free from bias toward their own ideas or preconceived notions, and free to 

gather the most relevant information available at the time. As it turns out, this is the case. This matter must be 

left up to debate about the real causes of the incidents. In addition, a peer review should be requested 

proactively. In order to operate effectively in multidisciplinary teams, it is vital that each team has a different 

approach to the subject at hand and a different expert perspective. 

There are many ways to used data for analysis for determing how data can be manged when it 

comes to air crash investigation with VR [15] used the European statistics on accidents at Work protocol to 

study the effect of accident investigation reports on their causes. The analysis of the immediate causes is a 

strategy used to identify potentially hazardous actions and circumstances. There's a plan in motion here. 

There follows an in depth investigation into the actual cause, and then you determine the total events that are 

being examined. In addition to the active faults, latent faults, and management system problems that have 

been discussed in greater detail, this is also mentioned [16]. A report should be able to access databases that 

produce reports on accidents investigated, with the purpose of lowering the amount of errors and omissions 

in that report. Prior empirical research on learning air crash investigation, despite its lack of focus on VR/AR, 

found that the vast majority of past studies linked to this topic showed substantial results. 

When it comes to air disasters, an excellent example of a work focusing on how an accident occurs, 

as well as how it affects the environment and people. Flight incidents are described in detail in the report, 

which also identifies cause factors that contributed to them and analyses what measures might be taken in 

future cases to prevent them from happening again. It was found that the US army's accident investigation 

approach is the most extensively used technique in the field of accident investigation. Why did this happen? 

What causes this to happen? What can we do to prevent this from happening again? This is the plan that will 

be implemented. When it comes to air disasters, the 3W employs a four step process to determine if or not 

human error was to blame [17]. Organization and preliminary examination, as well as the collection of data 

and analysis of data. Completion of the technical report phase it is customary to begin the inquiry by 

assembling the investigative team and providing them with background information on the investigation and 

the occurrence in issue. Next, this team will travel to the scene of the accident for a first inspection. Data 

collection includes actively gathering the human cues, physical material, and environmental attributes that 

are linked to the occurrences. The information gathered during the data collection stage is examined using 

descriptive statistics, and the results are analysed throughout the study's analysis phases. 20 diagnostic errors 

and 37 action errors, according to the data, were observed in the system. Ultimately, a technical report 

outlines the evaluation's findings and conclusions. Errors seen are an important attribute toward understanding 

the cause of air crash mishaps, as this work relates to the approach given in the current study [18]. 

One of the promising technological impact of 2021 is VR, a lot of institution are adopting the use of 

VR for various task. Previous empirical research studies on VR for air crash investigation learning [19]–[24] 

do not highlighted the important of efficiency and usability of VR, treatment of flaws and omission of 

information, keeping the VR interaction simple and easy, and the impact of VR immersion, but mostly focus 

on investigating design and development, typical to this, is the work of Anniballe et al. [6], which design and 

developed an AR for air crash investigation in order to recreate a real aircraft crash scene. This was done 

through the assembling of the wreckage distribution and the features of the surroundings areas. Hence the 

development was performed by the acquisition of 3D scans of both the crash site and the wreckage, with 
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elaboration of scans to create a digital model of the crash site, and finally, the implementation of the AR 

experience to be viewed with an AR device. The contribution of the study shows that AR can support 

effectively air crash investigators and trainees as a useful element of virtual lab. The research further 

described that AR was adopted in aviation, but only related to support and maintenance, hence it was not on 

air crash investigation, similarly, in the field of air accident investigations, it has been revealed that there is 

no specific VR/AR application implemented as of year 2020, even though some implementations of VR on 

car crash investigations were proposed, but it was still held that AR has been found as a learning resource in 

air crash investigation training courses, as well as in aeronautics, however, the aeronautics uses virtual lab 

environment which is not a VR/AR [19]. 

 

 

3. METHODOLOGY  

This study focuses on the conceptualization of fundamental elements of VR that are essential for the 

teaching and learning of air crash event investigations. These components are essential for the instruction and 

education of students interested in air crash event investigations. Following the introduction to the 

methodology, the study approach centres its attention primarily on the conceptualization of the features that 

ought to be made accessible within the VR. Figure 1 illustrates the conceptual model that was proposed in the 

paper, while Figure 2 illustrates the design for the development of VR that is associated with this area of 

study. Both of these figures can be found in the same document. The dimension which this research proposed 

to be the features required for VR that will be used for learning air crash investigation are as follows: feature 

of the surrounding area of the crash or accident, wreckage distribution, wreckage above the ground, wreckage 

in motion, wreckage at the ground, spatial view effect, and full view projection. 

 

3.1.  Conceptualization 

The conceptualization of this study is centred on the development of fundamental elements of VR 

that are essential for the teaching and learning of air crash event investigations. This study’s target 

component is presented in Section 3. In most cases, one can extrapolate the interactions of the proposed VR 

features by using a view that is simplified at the scene of the aeroplane crash and that are presumed to be of 

interest. The dimension feature of the surrounding area of the crash or accident, is conceptualized in this 

research, to reflect the surrounding area of the air crash or accident is operationally defined as the appearance 

of the surrounding air crash site in the VR. If there are any casualties as a result of the aeroplane crash, the 

immediate environment is likely to be the most traumatic and destructive experience a human body can go 

through. This, of course, depends on the specifics of the accident. In order for the investigation team to gain a 

deeper understanding of the situation, they must visualise the disturbing VR scenes that involve dead people. 

Wreckage distribution can be operationally defined as the density of wreckage above the ground, 

wreckage in motion, and wreckage at the ground in an air crash accident scene that is shown with interactive 

highlighting techniques in VR. The presentation of a crash site is typically required for this, and in many 

instances, there will not be a single piece of the aircraft that cannot be removed by two people; the engine is 

the only exception to this rule. In most cases, the pieces will be no larger than what a person's hand can 

comfortably hold. When one considers that the human body is significantly less resilient than the aeroplane 

itself, it is possible to picture the conditions in which those who perished in the accident found themselves. 

However, their physical state and appearance may be different, which is something a learner needs to be 

aware of. That is to say, even though the wreckage is still in the air, its state and status, which are both 

susceptible to distribution, may not be the same when it is in motion or when it finally reaches the surface of 

the ground. Therefore, in order to facilitate a deeper level of comprehension, it will be essential to present 

these discrete phases in VR in an enhanced flow. The importance of this kind of problem was brought to light 

in a number of earlier studies [20]. Therefore, in order to facilitate a deeper level of comprehension, it will be 

essential to present these discrete phases in VR in an enhanced flow. The importance of this kind of problem 

was brought to light in a number of earlier studies [20]. Many studies also provide some interesting approach, 

such as modeling that is linked with positioning analysis inside 3D visualisation is also very important [25]. 

In addition, torque ripple minimization was proposed in Aihsan et al. [26], and impedance characteristics in 

the visualisation of spatial movements were also reported in Choudhury et al. [27]. The Real time 

visualisation connected with the modified programmable universal machine was also highlighted by other 

studies [28], [29]. Another example of the application of visualisation may be seen in the interpretation of 

sign language through the use of hand movements [30]. In a similar vein, Chae et al. [31] proposed a VR 

based hand gesture identification system that used a density based CNN. The visualisation connected with 

trajectory reconstruction has been demonstrated in Amar et al. [32], and lastly, nature grasping has been 

revealed in Tian et al. [33]. 
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Figure 1. The proposed conceptual framework 

 

 

The spatial view effect and the full view projection in VR, both of which are important components 

of this current study, are essential for the teaching and learning of air crash event investigations. Because 

they will give the illusion of how to present layer by layer and step by step details of the air crash 

investigation scheme for learning, these features are required because they are necessary. As a consequence 
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of this, the current study has it with due consideration on the job of marking the position of every piece of 

what had been a human being, from any angle, and having them from different resolutions had to be very 

difficult for everyone who was involved. Learners will be better able to comprehend more information if it is 

presented to them in a VR setting. With this features conceptualized they can be used for the design of VR. 

 

3.2.  Design process of VR for air crash investigation learning 

The design of the VR environment needs to take into account the learning steps at an appropriate 

level in order to achieve the desired pedagogical result that can be achieved through the utilisation of the VR 

environment. In light of this, it is recommended that a design science research methodological approach be 

utilised during the process of designing the VR environment for the purpose of gaining knowledge regarding 

air crash investigation. In order to make full use of the potential offered by the newly developed VR 

environment, this will be carried out as shown in Figure 2. In the figure, the first section dwells on the system 

requirement, and design followed by the learning modalities events and finally the implementation. It is 

necessary to collect data or conceptualise the system components in order to carry out the system analysis 

and design, just as it was done in this current research in Section 3.1. This was also done in the previous 

section. This was done in order to make room for the analysis and design work that needs to be done. After 

all of the requirements have been compiled, the next step is to develop a basic prototype of the product. 

Alongside the development of the first level prototype, it is strongly suggested that a user experimental study 

be carried out. These user experimental studies need to be conducted on two different groups of users in 

order to be valid. 

 

 

 
 

Figure 2. The design and development stages involve for VR 

 

 

In the user experimental study, the participants ought to be split up into two groups—call let's them 

group A and group B—prior to the actual experiment. In contrast, individuals in group A will be given 

instructions on how to use the VR headgear and the participants in group B will be given a safety briefing. 

Participants in group B will be given the experimental criteria that are directly linked to the learning 

outcomes for the tasks, and they will be instructed to process the accident scene of the aeroplane crash. These 

experimental criteria will be directly linked to the learning outcomes for the tasks. In a manner analogous to 

this, the participants in group A will carry out the examinations utilising the criteria that are similarly and 

directly related to the learning outcomes associated with the various tasks: the activities that they carried out 

in order to process the site of the plane crash in order to arrive at the educational outcomes necessary for fully 

comprehending the scene which characteristics did they find in order to fulfil the learning outcomes for 

investigation performance? In order for them to arrive at the learning outcomes in relation to the data that 

was discovered during the investigation of the aeroplane accident, what do they believe to have taken place in 

order for them to arrive at those out comes?. 

Triangulating the findings at each step allows the researchers to validate the conceptual framework, 

the design and development approach that was proposed, and the user experimental study that was necessary 

for this study. This will assist in gaining a more in depth comprehension of the numerous applications that 

VR has to offer in the arena of aviation accident investigation. The most crucial step in this process takes 
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place before the actual implementation and involves conducting research on the end users. That is to say, 

there is a requirement for appropriate testing to be carried out in order to determine how well students will 

comprehend the application of VR and the experiences that they have had. As a consequence of this, the 

fundamental elements of VR that were suggested in this study will be achieved, as well as the requirement 

for them in order to have an effective learning modality of air crash event investigations. 

 

 

4. DISCUSSION 

This study focuses on the conceptualization of fundamental elements of VR that are essential for the 

teaching and learning of air crash event investigations. These elements are essential for the teaching and 

learning of air crash event investigations. Students who are interested in learning about air crash event 

investigations absolutely need to have these components as part of their educational experience. The concepts 

are only meant to be associated with the actions or formal steps required for learning that is necessary for air 

crash investigation. The methodology for the research focuses its attention primarily on the conceptualization 

of the features that should be made available within the VR. Although it is necessary to proceed through a 

series of stages for the development of the concept before validating the concept, the study highlighted those 

important components that were associated with each stage. The conceptual model that was proposed in the 

paper is also associated with the design for the development of VR that is associated with this area of study. 

The study places a great deal of significance on both the structure and the idea that underlies it. 

Despite the fact that the design is generic, the concept is primarily associated with the learning of air crash 

accident investigation. As a result, the current research has proposed the most primary features of VR that are 

necessary for learning and teaching about air crash accident investigations. 

The following are the primary VR features that are required for teaching and learning about air crash 

accident investigations using VR: feature of the surrounding area of the crash or accident; wreckage 

distribution; wreckage above the ground; wreckage in motion; wreckage at the ground; spatial view effect; 

and full view projection. These features include: feature of the surrounding area of the crash or accident; 

wreckage distribution (VR). 

The significance of the study lies in the fact that it is impossible to overstate the significance of VR 

without first having the opportunity to experience it for oneself. When utilising it as a tool for teaching and 

learning, one must keep in mind that it is also a process from which it may face challenges within the system 

of VR itself. This is something that must be kept in mind at all times. It is likely that this will be connected to 

the rendering and storage of the VR system bundle, both of which will unquestionably have an effect on 

interactive learning and study. In spite of the fact that this problem is associated with system resources, 

proper data flow management within the system will assist in helping to optimise the use of the system 

resources on which VR depends. However, in order to investigate the influence of light to heavy weight 

rendering on VR required for learning in a variety of scenarios, research is required. Despite the fact that this 

is not one of the problems that the focus of this research is on, it is still a cause for concern. It is necessary to 

conduct research on real time VR rendering and interaction in order to carry out an experimental learning 

session. Utilizing the most appropriate rendering and storing systems from the very beginning to the very end 

makes it possible to achieve interaction in VR that is suitable for learning. Nonetheless, the stages are of the 

utmost importance. 

In conclusion, despite the fact that this research has brought to light the necessity of utilising VR 

features that are required for teaching and learning about air crash accident investigations, as well as the 

wreckage distribution above the ground and in motion as well as at the ground, and the spatial view effect for 

full view extend projection, other approaches for bringing other features into play are also critically 

important. The utilisation of an improved VR scene, regardless of the position taken by the user, is capable of 

producing scenes at a higher comprehensible level than any other visual medium. This fact can be used to 

justify the use of enhanced VR scenes. Also, if the infrastructure that supports VR were more adaptable and 

efficient, it might become more widespread in educational settings. VR stands for virtual reality. 

 

 

5. CONCLUSION  

This research presents a conceptualization of the implications VR could have on the investigation 

and interaction of learning. The core of the idea consists on determining which components and processes of 

VR are necessary in order to improve the learning experience of air crash investigation. This can be due to 

the fact that we now have a better grasp of something. Take, for instance, the impact analysis at an accident 

scene, which involves capturing the force time history and striking the target contact. Teaching about this 

kind of occurrence within a VR setting helps bring reality into focus, making it simpler for students to 

comprehend. This research has attributed feature of surrounding area of the crash/accident, wreckage 
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distribution, wreckage above the ground, wreckage in motion, wreckage at the ground, spatial view effect, 

and full view projection as the main features required in the VR for teaching and learning of air crash 

accident investigation. Wreckage distribution is another one of the main features. Taking this course of action 

will result in reasonable investments in aircraft crash safety as well as sound business logic. Air crash 

investigations can be made more accurate by utilising state based accident principles that are both practical 

and successful. This approach takes into account both the existing and the anticipated methods of accident 

investigation. This is the most important point that this paper brings forth. 
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