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Abstract. Laboratory laboratories are essential to the education process in all fields of 

engineering, technology has changed the scientific laboratory landscape. The role of using 

Extended Reality (XR) technology after the COVID-19 pandemic is unprecedented, the virus 

had affecting almost all countries concurrently, resulting in an economic crisis, the education 

sector was the most affected as students could not go to the laboratory to conduct experiments 

due to the containment of the disease. From this point on, the use of virtual laboratories 

became a great and effective role for students and the university, as it cost little in the budget 

compared to the real laboratory. In this paper, the role of virtual laboratories, using extended 

reality technology, and its impact on education and the future of virtual training in increasing 

students' efficiency will be discussed in this paper. 

 

1. Introduction 

The laboratory has been given a distinctive role in science education and  it’s a key to understanding 

the abstract concepts taught in the classroom [1]. Extended reality XR is among the leading 

technology phenomena in 2020 [2]. This new concept covers many common technologies that 

guarantee immersive experiences: virtual, augmented and mixed reality. The relationship between real 

and virtual is becoming increasingly limited and inextricable. Virtual reality completely immerses 

users in the modern world, detaching them from the real world.AR incorporates with physical world 

environments and virtual objects computer generated and improves the perception of reality by 

viewers [3]. Training is continually evolving in order to keep up with changes in society. Technologies 

are only mechanisms for creating the appropriate learning environment where training can be 



RETREAT 2020
Journal of Physics: Conference Series 1874 (2021) 012031

IOP Publishing
doi:10.1088/1742-6596/1874/1/012031

2

 

 

 

 

 

 

performed in the most successful way possible. VR build opportunities for the perception of 

immersive learning technologies [3].  From travelling to distant locations, making creative 3D objects 

and interacting with other users in virtual world, the possible near relationships in VR [4]. 

 Laboratory practice is a key instrument for the education of students in engineering. The practical 

aspect of a research lab-based education provides Learners with a tactile experience that offers 

students with opportunities to grasp concepts and prepare them for the jobs sector in engineering. One 

of the problems that many institutions face is that laboratories equipment and machinery are expensive 

and a feasible alternative solution should be investigated as a result. This includes the introduction of 

laboratory experiments focused on virtual reality to include a lab-based educational environment that 

uses a three-dimensional virtual simulation close to that of a real lab. This gives learners an 

opportunity to virtually conduct experiments and obtain immediate results [5]. VLab are seen as a low-

cost alternative that would be Excessively costly for lab experiments (either in terms of cost of 

instrumentation or supplies) [6] ,as well as it is  suitable at the present time due to the covid-19 

pandemic [7]. The concept behind the use of Vlab is to provide students with an authentic lab 

environment in which experiments can be carried out in a replica of a traditional physical laboratory to 

solve problems [8]. VLab is now being used to better clarify the tools that could offer solutions [9]. On 

the other side, it should also be noted that lab classes are high-costly and time-wasting [10]. 

The preparation of conventional training needs time, effort, and budget, which limits of live 

training.  Laboratory training required qualified instructors [11]. In addition, the regulation of the 

government and safety organization recommend avoiding some of the fuel material. However, these 

types of materials could be found in any Lab. The new approaches that employ virtual reality could 

avoid government regulation and recommendation made by the safety organization [12]. Virtual 

laboratory's key benefit is the safety it provides when handling dangerous equipment and reagents. As 

students can conduct experiments at any time, it also offers flexibility [13]. One example of 

educational technology is the use of VR as a platform for the development of educational content 

[14]–[18]. 

2. Extended Reality (XR) 

XR is a recently coined term. It encompasses the immersive technologies that “extends” the reality 

that we experience. It can bring out the imagination from our minds and into the world and give it its 

own shape and size. The reality–virtuality continuum covers virtual reality on one end and augmented 

reality with MR falling in the middle. The main purpose of XR is to broaden human experiences, 

especially the senses of existence and the acquisition of cognition [19]. There is extensive potential for 

this platform to change how we work, collaborate and generate projects [20][21].  Recently extended 

reality has become more accessible and economically viable and is now used in daily life especially in 

the entertainment sector, such as engineering and education[22][23].  The technology is used for a 

number of uses, like collaboration, training and education [24][25]. 

A series of recent studies has indicated that extended reality provides the opportunity to co-create 

experiences like HMDs and Goggles that already have the capacity to produce high-quality graphics 

and experiences. For example, many research on design teams in a variety of industries have been 

undertaken to explore ways to enhance the process of producing initial ideas by giving more 

opportunities to increase the number of iterations. Being able to increase the amount of ideas naturally 

leads to further exploration avenues and hence a greater chance of creating groundbreaking 

designs[26]. One of the most common type of XR is VR. and is commonly defined as a computer-

generated experience whereby the user is transported into a simulated virtual environment [27]. 

This will also lead to ideas that are key to making progress and an essential learning opportunity as 

the design process is proposed [28]. Therefore,  VR provides collaborators a vehicle with which to co-

create, develop and exchange ideas [29]. This has been used in several studies to assess teaching .the 

main concepts using innovative methods and how to make the lesson more attractive for students. 

Moreover, VR tools explored by [28] indicates that VR architecture could have a significant effect on 

the industry and training Table 1 shows the Mechanisms of XR technologies in Education. 
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Table 1: Mechanisms of XR technologies in Education. 

 

Mechanisms of XR technologies in Education Example Work in XR system 

Use 3D visualization to teach in a clearer or more visually 

appealing way 

[30], [31] 

Connect physical and virtual world to support learners learning by 

doing 

[32]–[34] 

Augment physical objects to provide richer digital information [35] 

Role-play or participatory simulation as part of the target 

knowledge 

[36]–[40] 

Embedding interactive agent in XR to promote Social-Emotional 

Learning (SEL) 

[41], [42] 

Afford learner control and agency through XR controller, sensors [40], [43], [44] 

 

 

The intensification of Extended Reality (XR) in training using virtual technology is one 

possibility[45][46]. Several studies have shown the potential of its utilization, such as 360-degree VR 

videos [47], 3D virtual worlds [48], and location-based AR games [49], since the conventional need 

for direct human interaction in creating training in educational environments can be replaced with XR 

[50].There are barriers to the use of XR Small and medium enterprises that may lack sufficient capital 

for the training industry to utilize technology [51]. In addition, learning from history, exogenous shock 

events have a substantial effect on micro and macro levels while promoting technological innovation 

[52]. In order to combine both physical and virtual objects, training environments have recently been 

constructed. The demand for XR in high-risk occupations, such as healthcare, has risen exponentially, 

due to the need for trained operators and the diminishing prospects for real-world training [6]. In a 

variety of industries, XR offers educational solutions and allows for more practical, sensory feedback, 

real-time performance evaluation, and access to training outside the lab [53]. 

2.1.  Extended Reality (XR) Technologies in Manufacturing 

Over the past decade, digital manufacturing has been seen as a highly promising range of innovations 

to minimise product development times and costs, as well as to resolve the need for customization, 

better product quality, and faster demand response [54]. Bridging the digital/cyber/virtual and physical 

environments in almost all fields of development, i.e. design [55], prototyping [56], learning, 

marketing, logistics [57], maintenance [58], set-ups, remote guidance, assembly etc. Technologies like 

XR (i.e. Virtual Reality, Augmented Reality, Mixed Reality). In order to achieve this bridge, it may be 

beneficial but also to improve the versatility of time-room, i.e. the need not to be at the same position 

at the same time while operating in a project and to motivate the industry with a quicker and stronger 

decision-making process [ 56]. Industry 4.0 can be seen as an industry paradigm shift aimed at 

integrating all manufacturing agents (machines, robots and operators) in the form of Cyber-Physical 

Structures through network links and knowledge management [59].raining method for industrial 

operators in assembly tasks, using methods such as virtual reality and mining of processes [60]. There 

are technical obstacles to technology related to its application to industrial reality [61][62]. The 

majority of these barriers can be solved by early communication with the latest technologies by using 
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learning factories. This leads to reducing the potential concerns of employees and managers, 

especially in the context of demographic shifts in industrialised countries [63]. 

3.  Extended Reality in Educational Settings and Student Engagement 

Previous reviews generally revealed the trends, advantages, limitations and the vision of educational 

VR or AR applications [64]–[70] . For example, compared learning outcomes and benefits in VR 

versus non-VR [71], AR versus non-AR [72], and different VR-based instruction [73].[74] took a 

similar instruction-driven approach in its literature review, with a different target (VR in higher-ed 

settings). Some reviews happens in a particular knowledge domain, for example,  investigated how 

AR technologies support medical professional training [75], science education [76] and language 

learning [77].One of the best techniques are Learning by doing. A great number of XR systems seek to 

facilitate the process of learning by making or learning by doing, by bridging and connecting virtual 

and physical worlds, e.g.[78]–[81]. Specifically, these systems frequently provide virtual scaffolding, 

hints and richer information as learners engage in physical tasks. In different fields, such as sports 

training, VR technologies have been used to create successful virtual learning environments 

(VLEs)[82], [83], education [84], [85], surgery [86], [87], industry [88].  

Virtual technologies can improve students’ academic performance and motivation, e.g.[65], [66], 

[71]–[75], [77], [78], [89]–[91], students’ social and collaborative skills [91][92], and students’ 

psychomotor and cognitive skills [94]. Among them VR and AR have long been a popular design 

space for educational technology, and recently, MR also increasingly applied for educational use [74], 

[95]. These immersive technologies have the potential to increase learner motivation and engagement 

[78], promote a full student-centered learning experience [96], support collaborative and situated 

learning and enable learners to more concretely and tangibly access previously physically 

inaccessible/invisible content [67].In effective learning, student engagement and motivation have 

always played a key role and the selection of the correct engagement and motivation methods can 

encourage and enhancement of the learning process for students.  

Innovative approaches to education are being identified by teachers, using different resources 

available to promote the learning process and enhance student participation. In classrooms, technology 

is becoming an important part of productive strategies. Another instrument used by teachers to teach 

their learners is VR. If technology enhances and becomes incorporated into the educational system, 

augmented reality will also have a place to increase the participation and encouragement of the 

students [97]. 

3.1.  Extended Reality Future of Interactive Education and Training  

The education will benefit from these technologies [96][97]. In the next few years, vocational training 

will also continue to experience the effect of VR and AR [98][99]. Providing trainees with the ability 

to experience the reality of being in an unfamiliar working environment is the secret to success in 

vocational training, but this is also challenging and costly to achieve. In this sense, AR and VR 

provide a great benefit by allowing students to go back through scenarios again and again without 

additional cost or difficulty, and to revisit difficult circumstances at their own speed [102]. It is clear 

that the problem could be easily tackled by using this technology in education. 

Some contrasting findings in another previous study on AR in education study. Usability or ease-

of-use, for instance, emerged in some studies as the greatest challenge and greatest value in others. 

The ultimate conclusion of the studies, nevertheless, found that AR-enhanced enjoyment, motivation, 

and interaction of learners. Through the systematic literature review, they were able to suggest several 

avenues for future research For example, a call for more studies specifically focused on addressing 

usability challenges not just for learners but educators as well. The various fields of research suggest 

that the benefits of AR and VR over conventional types of media communication such as videos and 

photographs are increasingly important to consider. However the dynamic nature of how VR/AR is 

used as a tool often highlights the need for each distinct industry to recognise and adapt the 

technology[68]. Many other terms have arisen to serve specific aspects of VR or its presentation to a 
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user to negotiate between the virtual and a physical site. [103] introduced the concept of Reality Skins, 

where HMD technology would scan the physical room and overlay a texture upon it. In this way, the 

physical and virtual environments would function in real-time so that the user was able to effectively 

navigate around the space and obtain some tactile feedback from the physical objects. However, the 

tactile sensations would not necessarily directly coincide with the virtual simulation of the objects. 

Multimediated Reality as way technology can extend the mind, body and interaction with the world 

through its use; these technologies include immersive and augmented types of VR suggested by [104]. 

4.   XR Free and Open Source Software 

Computer science has proved to be a field of research that causes students to have mixed feelings. This 

is especially true for the field of software engineering: while commercial and free and open source 

software are of significant importance for small to large-scale software projects, this field is 

particularly attractive [105]. While there has been a lot of discussion about the potential of AR in 

educational methods for learning, there is a substantial lack of empirical evidence about its efficacy 

and implementation in higher education. In order to incorporate AR using Microsoft Hololens into 

UML teaching, the program was defined. Its user interface is designed to solve current software 

problems. The research is focused on efficacy as a criterion for the success of students and 

motivational components. Based on two recent literature reviews on the use of AR/VR technology in 

the general context of education [68][104]. 

Based on these reviews in recent years, some interesting information was found due to the 

increasing popularity of XR in teaching science and software engineering. [74]. In addition, few 

studies have focused on software development, a dynamic collaborative process that involves hands-

on expertise from the analysis of specifications through to software. An immersive training platform in 

virtual reality for software professionals to obtain virtual knowledge based on software development 

tasks. The participants can acquire important new process knowledge. The results indicate that a 

complementary VR-based training platform is likely to enhance the experience of inexperienced 

software developers and ultimately has great potential for software development organisation training 

activities [107]. 

Many aspects of the VR software can influence training outcomes, and perhaps the most influential 

aspect is whether the software includes game attributes [106][107]. VR training programs with game 

attributes are believed to elicit greater trainee motivation and better align the trainees with the training 

program. [108]–[110] training program can often sustain trainees’ attention during the entire course of 

the training [111]. Further, gamification elements can prompt beneficial states that have shown 

promise for training and learning outcomes, such as presence and moderate amounts of challenge 

[112]. Regarding input hardware, most researchers have differentiated the effects of the keyboard and 

mouse from specialized input hardware, including motion sensors [113]–[115], and proposed that 

specialized input hardware produce better outcomes due to their effect on presence and motivation. In 

their review of immersive virtual reality,[69] found that immersive components can allow individuals 

to feel objects and events that are not physically present, which may increase learner motivation 

compared to non-immersive virtual reality.  

5.  Virtual Reality Head-Mounted Displays (HMD) In Education and Training 

Training and educational contexts have only been seen in a few studies, and while some had very 

promising outcomes, it was not possible to make general statements about the advantages of HMDs in 

education. All the reviewed studies, with the exception of a single report, concentrated on very short-

term use in an experimental setting. Future studies should focus on extended and frequent use and 

investigate how the results relating to motivation, excitement and time-on-task shift as the learners 

become familiar with the technology with both mixed methods research. The low average quality and 

limited number of studies indicate that more and more comprehensive research is required to explore 

the most promising uses of HMDs in an authentic educational or training context [116]. HMD training 

applications have advantages in their inherent flexibility, mobility, and accessibility. In a high-fidelity 
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and immersive virtual environment, training can be applied anywhere and anytime. The idea of 

studying anywhere at any time provides more versatility for trainees and professionals who are taking 

courses at training facilities.  It can increase opportunities for training program after hours or at the 

convenience of the trainee, regardless of geographical location. 

A wide variety of new possibilities and applications are provided by the utility and flexibility of the 

development of immersive HMD systems. These personal devices are low cost, versatile, portable and 

efficient technologies that stand in stark contrast to conventional maritime simulators that are common 

in the industry. An significant addition to VR, AR, and MR HMDs is that evidence-based 

investigation can lead to more efficient implementations and the introduction of these emerging 

technologies, leading to better training and operational performance [117]. 

5.1.  Previous research on Virtual Reality in Safety Training 

One environment where Virtual Reality affordances are especially important is safety training. This is 

the case because Virtual Reality offers trainees the ability to safely act out realistic situations where it 

is important to make the right decisions and training in reality would otherwise be impractical, risky, 

or impossible. Thus through Virtual Reality, trainees have the ability to exercise the skills ability to 

work in a risk-free environment in hazardous situations[118]. There is a rapid growth in the list of 

fields and studies that have examined the use of virtual reality in safety training. For instance, VR has 

been used in training of aviation safety (e.g. [117][118], fire safety (e.g. [119][120] pedestrian safety 

(e.g. [123], traffic safety emergency evacuation of buildings (e.g.[122][123], recognition of risks in 

work environments (e.g. [126], safety behaviour related to construction sites[127], flooding [128], 

individual behaviour in tunnel accidents [129], and general safety training [130]. It is important to 

compare the motivational and educational outcomes in training by using either a text‐based safety 

manual, a desktop VR simulation, or an immersive VR simulation [131]. This training is important 

and it is best applied in all fields, especially in laboratories. 

6.  Extended Reality: How to Improve Education Systems  

The emerging role of the technologies of virtual and augmented reality in education. Addressing the 

difficulties of integrating such technology to concentrate on improving the learning results of students 

is a tool for improving the acquisition of information by learners. In the educational role of 

technology, participants include students, members of the faculty, organisations, and companies 

[132].Within the education sector VR and AR technologies have made their appearance[133]. The 

challenges to be solved are primarily based on improving the learning outcomes of students. The 

educational element they have put in motion has been experience as a vehicle to get the student to gain 

specific knowledge[134]. It is considered the efforts of institutions to provide products and training 

that will raise the quality of education and training. The ultimate goal for institutions to use this 

technology is to improve student outcomes throughout the educational process. Increasing the number 

of students who manage to acquire the minimum knowledge demanded by an expanding competitive 

market is the only mission of these tools [134][135]. 

In education, VR has found a new area in which to show its full potential. Education has all the 

elements that can not only create value to this technology, but also become an extreme differential 

value[136]. In current educational systems, the learning methodologies with the greatest effect are 

those that confront students with a specific situation that they have to solve using acquired theoretical 

knowledge or by improving the abilities of students that are inexistent or underdeveloped until that 

moment [137]. Students who struggle to reach such educational goals with a low success rate will now 

be able to achieve the objectives easily. Behind this argument is a justification. These technologies can 

contribute to make several abstract ideas concrete that should be built within their minds by these 

students. Because not all students have these kinds of skills and abilities, this activity would be 

assisted by these technologies, while increasing the success rate. The representation of abstract 

concepts is another essential field in which virtual reality offers more than significant value [138]. 
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VR also provides a great opportunity in the field of simulation. This technology in virtual 

laboratories allows easy interaction between students and devices. [139]. Obvious direct advantages 

include that only a new version of the environment can upgrade the measurement instruments. 

Without needing to include the physical elements that would obviously reflect a higher investment for 

the institutions, students would have the chance to work with the newest technologies. Taking this 

analysis further the cost savings will be immense in space. The underutilised spaces inside the centres 

would be drastically reduced and would be replaced by "multi-laboratory" spaces in which one or 

another laboratory or laboratory could be accessed, depending on the subject. These goods are already 

making themselves available on the market [140].The risk of inexperience dramatically raising the 

complexity of carrying out projects with all sorts of consequences could be substantially reduced. 

student can view a picture of a final product in real space via this technology, without the need to 

complete a physical manufacturing process. Likewise, health and engineering field sessions would 

allow the instructor to share information with learners using photographs superimposed on the reality 

of their classrooms [141]. Through the models, student engagement would be feasible, but the social 

aspect of sharing real-time experience with real individuals would also be taken into account: their 

classmates [142]. 

7.   Practical applications, Simulation, Training of Extended Reality  

In overcoming the COVID-19 pandemic, the task of using extended reality (XR) technology has been 

unparalleled in its scale, impacting almost all countries simultaneously and could lead to a new post-

pandemic standard at the same time. With the high contagion risk, travel restrictions for inbound and 

outbound travel have been implemented by governments around the world, major cities have been shut 

down, and holiday destinations have been off-limits to prevent the spread of the virus [7].  

Extended reality has been used in almost every industry to meet ideas like marketing, learning, 

training, and customer experience. In 2018, the ICRC Innovation Board commissioned a study on VR 

to inspect the possibility to increase the work of ICRC’s VR Unit, the knowledge widened the info on 

the field of XR developed.  

A survey of stress assessment in military missions by using VR environments can be found in 

[143]. Other work proposes a virtual shooting training system for soldiers and reports that students 

have more motivation and better scores using it [144]. However, the level of immersion of this system 

is limited because the authors use a projector instead of a head-mounted display (HMD), which 

reduces the field of view. A system to train visual scanning tasks is developed in [145] , where soldiers 

have to find people around them and distinguish between civilian and enemies. The results show the 

importance of a realistic recreation to reduce the gap between simulation and reality and get better 

results [60]. On the other hand, social system to train veterans with post-traumatic stress to face job 

interviews is proposed in [146]. This system is evaluated positively by the users, who report a 

significant rise in self-confidence during the process. The literature contains several references about 

training systems based on VR. One of the first studies compares VR against conventional systems in 

the context of laparoscopic surgery [147]. The results show that the students trained with VR are faster 

and made fewer mistakes than the ones trained with conventional procedures. More recent medical 

research works confirm these results in the fields of surgery and imagery [144][145]. Additionally, 

some works propose VR-based tools to analyse human factors in the context of manufacturing, such as 

ergonomic issues  and performance characteristics [146][147].furthermore, Virtual reality training to 

enhance public speaking is a common communication action and has been relevant throughout human 

history [152]. Despite the prevalence of public speaking, it has been estimated that 75 percent of 

individuals experience discomfort or anxiety at the thought of talking to a crowd [153]. Virtual Reality 

Exposure Therapy (VRET) has been shown to be successfully used as a basic treatment for treating 

public speaking anxiety[150][151].Similarly, Extended reality has been used to solve refugee issues in 

Australia, including post-traumatic stress disorder treatment (PTSD) and cultural adaptation to society 

[156]. Alternatively, AmBus is a bus-sized ambulance that EMS workers use during large-scale 

emergencies, which introduces a new immersive training application. Evidence suggests that existing 
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training efforts leave some workers unfamiliar with the AmBus program and unable to respond to an 

emergency, using new developments in virtual and augmented reality. Ultimately, since workers are 

better trained, lives can be saved [157].  

Interesting technologies as well as new techniques are constantly being applied in the field of the 

current industrial revolution by providing fertile ground for further research and improvement in the 

field of industrial engineering. In addition, Cloud Computing has made it possible to provide high-

quality services particularly in the controversial field of maintenance. However as modern computers 

are becoming more complex, maintenance must be carried out by skilled and well-trained workers, 

while assistance from overseas is timely and expensive. Although AR is a back-bone technology 

facilitating the development of robust maintenance support tools, they are limited to the provision of 

predefined scenarios, covering only a limited number of scenarios.  

A recent study has been done  for the support of remote maintenance and repair (RRDM) operation 

based on AR, by creating suitable communication channels between the shop-floor technicians and the 

expert engineers based on machine shop and in a real-life industrial scenario[158]. Moreover, virtual 

training system used to replace a CNC tool. The system has shown positive transmission of training to 

mechanical engineering students on the role of tool compensation. Research shows that it is effective 

in improving basic tool compensation skills [159]. On the other hand, the social and communication 

dimensions of VR interactions are becoming more important as Virtual Reality (VR) applications are 

gaining more traction lately. Within the experience, the results were successful in engaging and 

enjoying the experience through Social Virtual Reality: video conferencing, educational, gaming and 

movie watching. Such as two participants trying a Social VR Experience. In a virtual environment, 

they appear to sit next to each other on an office couch, and can interact with each other [160]. 

Correspondingly, studying the design of virtual reality learning environments in virtual reality aimed 

at stimulating young people's interest in science through environments in virtual reality. A windmill 

with three separate learning scenarios includes current demonstrators: simulator, safety training and 

preventive maintenance training [161]. 

7.1.  Virtual Environment of Things 

Extended reality devices have the ability to display this data in full 3D or "virtual windows" in 2D. 

This gives users greater flexibility to move, resize, and hide this information as needed to help visually 

manage it. It requires network-enabled sensors to integrate sensor information into XR devices. 

Network connectivity adds complexity to sensors, but network-connected sensors are more and more 

prevalent, as evidenced by the rise of the Internet of Things (IoT) for instance, Extended reality in 

medical practice[162]. AR devices project graphics on top of physical objects and are capable of 

recovering the camera's 3D path, enabling them to use spatial mapping techniques to map and localise 

themselves within the environment. These devices can also anchor virtual objects to the physical 

world, as this interaction provides the user with a new experience as it provides more flexibility and 

perception of space. The merger of IoT and AR with the use of a new technology called the Virtual 

Environment of Things (VEoT) [163]. 

The 4D experience offers spatio-temporal representation in real-time and enables the user to 

communicate in a highly intuitive way with the IoT network. The demonstration is part of a newly 

established lab, called the XReality lab, at Texas State University[164]. Extended Reality's different 

divisions are pioneering new ways of engaging with interactive content, both in the physical and 

digital worlds. The Internet of Things (IoT) is also taking advantage of sensed data and automation to 

pioneer new real-world scenarios and use cases. The difference between the physical world and the 

digital world is bridged by these technologies [158][161]. 

 

8.  Conclusions  

A literature review in this paper was conducted on the use of extended reality techniques and HMD in 

education and training. XR can offer great advantages for education and training as it provides a direct 
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sense of things and events far away from us, and it provides a safe environment to avoid the real risks 

that may occur on the ground. 

The extended reality can be carried out by the trainee to do many experiments and repeat them, 

especially in the virtual laboratories that engineering students can learn, especially in the 

circumstances of the covid-19 pandemic that the world has gone through. Ultimately I can say it can 

be as a Google Meet and Zoom application. Since XR provides things that these applications cannot 

do at the moment. 

 

References 

[1] P. Jagodziński and R. Wolski, “Assessment of application technology of natural user interfaces 

in the creation of a virtual chemical laboratory,” J. Sci. Educ. Technol., vol. 24, no. 1, pp. 16–

28, 2015. 

[2] B. Marr, “The 7 biggest technology trends in 2020 everyone must get ready for now.” 2019. 

[3] G. Kiryakova, “The Immersive Power of Augmented Reality,” in Human-Computer 

Interaction, IntechOpen, 2020. 

[4] S. A. Huang and J. Bailenson, “Close Relationships and Virtual Reality,” pp. 49–65, 2019, doi: 

10.1007/978-3-030-02631-8_4. 

[5] J. R. McCusker, M. Almaghrabi, and B. Kucharski, “Is a virtual reality-based laboratory 

experience a viable alternative to the real thing,” 2018. 

[6] B. Bortnik, N. Stozhko, I. Pervukhina, A. Tchernysheva, and G. Belysheva, “Effect of virtual 

analytical chemistry laboratory on enhancing student research skills and practices,” Res. Learn. 

Technol., vol. 25, 2017. 

[7] F. Romagosa, “The COVID-19 crisis: Opportunities for sustainable and proximity tourism,” 

Tour. Geogr., pp. 1–5, 2020. 

[8] D. Tsovaltzi et al., “Extending a virtual chemistry laboratory with a collaboration script to 

promote conceptual learning,” Int. J. Technol. Enhanc. Learn., vol. 2, no. 1–2, pp. 91–110, 

2010. 

[9] Zurweni, B. Wibawa, and T. N. Erwin, “Development of collaborative-creative learning model 

using virtual laboratory media for instrumental analytical chemistry lectures,” in AIP 

Conference Proceedings, 2017, vol. 1868, no. 1, p. 30010. 

[10] R. Estriegana, J. Medina‐Merodio, and R. Barchino, “Analysis of competence acquisition in a 

flipped classroom approach,” Comput. Appl. Eng. Educ., vol. 27, no. 1, pp. 49–64, 2019. 

[11] A. M. Barowy, “Heat and Smoke Transport in a Residential-Scale Live Fire Training Facility: 

Experiments and Modeling,” 2010. 

[12] H. Alsharari, W. W. Liou, and O. Abudayyeh, “AN IMMERSIVE ENVIRONMENT FOR 

BUILDING FIRE SAFETY TRAINING,” 2019. 

[13] Y. Elawady and A. S. Tolba, “Educational objectives of different laboratory types: A 

comparative study,” arXiv Prepr. arXiv0912.0932, 2009. 

[14] L. Dawley and C. Dede, “Situated learning in virtual worlds and immersive simulations,” in 

Handbook of research on educational communications and technology, Springer, 2014, pp. 

723–734. 

[15] G. Makransky, T. S. Terkildsen, and R. E. Mayer, “Adding immersive virtual reality to a 

science lab simulation causes more presence but less learning,” Learn. Instr., vol. 60, no. May, 

pp. 225–236, 2019, doi: 10.1016/j.learninstruc.2017.12.007. 

[16] J. Parong and R. E. Mayer, “Learning science in immersive virtual reality.,” J. Educ. Psychol., 

vol. 110, no. 6, p. 785, 2018. 

[17] P. J. Standen and D. J. Brown, “Virtual reality and its role in removing the barriers that turn 

cognitive impairments into intellectual disability,” Virtual Real., vol. 10, no. 3–4, pp. 241–252, 

2006. 

[18] S. van Ginkel et al., “Fostering oral presentation competence through a virtual reality-based 



RETREAT 2020
Journal of Physics: Conference Series 1874 (2021) 012031

IOP Publishing
doi:10.1088/1742-6596/1874/1/012031

10

 

 

 

 

 

 

task for delivering feedback,” Comput. Educ., vol. 134, pp. 78–97, 2019. 

 

[19] V. B. Lokesha, D. Banumathi, and R. Bhagya, “PROGRESSING WITH EXTENDED 

REALITY,” J. Crit. Rev., vol. 7, no. 18, pp. 1405–1411, 2020. 

[20] Q. Guo, “Learning in a Mixed Reality System in the Context of ‚Industrie 4.0 ‘,” J. Tech. 

Educ., vol. 3, no. 2, 2015. 

[21] S. M. Lee, D. L. Olson, and S. Trimi, “Co‐innovation: convergenomics, collaboration, and co‐
creation for organizational values,” Manag. Decis., 2012. 

[22] H. Bellini, W. Chen, M. Sugiyama, M. Shin, S. Alam, and D. Takayama, “Virtual & 

Augmented Reality: Understanding the race for the next computing platform,” Profiles Innov., 

vol. 1, 2016. 

[23] F. Quint, K. Sebastian, and D. Gorecky, “A mixed-reality learning environment,” Procedia 

Comput. Sci., vol. 75, pp. 43–48, 2015. 

[24] J. Bacca, S. Baldiris, R. Fabregat, and S. Graf, “Mobile augmented reality in vocational 

education and training,” Procedia Comput. Sci., vol. 75, pp. 49–58, 2015. 

[25] J. Scholz and A. N. Smith, “Augmented reality: Designing immersive experiences that 

maximize consumer engagement,” Bus. Horiz., vol. 59, no. 2, pp. 149–161, 2016. 

[26] A. F. Karakaya and H. Demirkan, “Collaborative digital environments to enhance the creativity 

of designers,” Comput. Human Behav., vol. 42, pp. 176–186, 2015. 

[27] J. Uhomoibhi, C. Onime, and H. Wang, “A study of developments and applications of mixed 

reality cubicles and their impact on learning,” Int. J. Inf. Learn. Technol., 2019. 

[28] H. El-Jarn and G. Southern, “Can co-creation in extended reality technologies facilitate the 

design process?,” J. Work. Manag., 2020. 

[29] T. Dorta, S. Safin, S. Boudhraâ, and E. B. Marchand, “CO-DESIGNING IN SOCIAL VR. 

Process awareness and suitable representations to empower user participation,” arXiv Prepr. 

arXiv1906.11004, 2019. 

[30] S. Jiang, X. Huang, C. Xie, S. Sung, and R. Yalcinkaya, “Augmented scientific investigation: 

support the exploration of invisible" fine details" in science via augmented reality,” in 

Proceedings of the Interaction Design and Children Conference, 2020, pp. 349–354. 

[31] A. Villanueva, Z. Zhu, Z. Liu, K. Peppler, T. Redick, and K. Ramani, “Meta-AR-App: An 

Authoring Platform for Collaborative Augmented Reality in STEM Classrooms,” in 

Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems, 2020, pp. 

1–14. 

[32] C. Liu, S. Wu, S. Wu, and S. Cai, “An AR-Based Case Study of Using Textual and 

Collaborative Scaffolding for Students with Different Self-Efficacy to Learn Lever Principles,” 

in 2020 6th International Conference of the Immersive Learning Research Network (iLRN), 

2020, pp. 9–15. 

[33] M. Fan and A. N. Antle, “An english language learning study with rural chinese children using 

an augmented reality app,” in Proceedings of the Interaction Design and Children Conference, 

2020, pp. 385–397. 

[34] I. Radu, E. Tu, and B. Schneider, “Relationships Between Body Postures and Collaborative 

Learning States in an Augmented Reality Study,” in International Conference on Artificial 

Intelligence in Education, 2020, pp. 257–262. 

[35] F. Draxler, A. Labrie, A. Schmidt, and L. L. Chuang, “Augmented Reality to Enable Users in 

Learning Case Grammar from Their Real-World Interactions,” in Proceedings of the 2020 CHI 

Conference on Human Factors in Computing Systems, 2020, pp. 1–12. 

[36] K. Squire and E. Klopfer, “Augmented reality simulations on handheld computers,” J. Learn. 

Sci., vol. 16, no. 3, pp. 371–413, 2007. 

[37] E. Klopfer, Augmented learning: Research and design of mobile educational games. MIT 

press, 2008. 

[38] M. Dunleavy, C. Dede, and R. Mitchell, “Affordances and limitations of immersive 



RETREAT 2020
Journal of Physics: Conference Series 1874 (2021) 012031

IOP Publishing
doi:10.1088/1742-6596/1874/1/012031

11

 

 

 

 

 

 

participatory augmented reality simulations for teaching and learning,” J. Sci. Educ. Technol., 

vol. 18, no. 1, pp. 7–22, 2009. 

[39] D. Allison and L. F. Hodges, “Virtual reality for education?,” in Proceedings of the ACM 

symposium on Virtual reality software and technology, 2000, pp. 160–165. 

[40] D. Keifert et al., “Agency, embodiment, & affect during play in a mixed-reality learning 

environment,” in Proceedings of the 2017 Conference on Interaction Design and Children, 

2017, pp. 268–277. 

[41] S. Kang et al., “ARMath: Augmenting Everyday Life with Math Learning,” in Proceedings of 

the 2020 CHI Conference on Human Factors in Computing Systems, 2020, pp. 1–15. 

[42] E. Salman, C. Besevli, T. Göksun, O. Özcan, and H. Urey, “Exploring Projection Based Mixed 

Reality with Tangibles for Nonsymbolic Preschool Math Education,” in Proceedings of the 

Thirteenth International Conference on Tangible, Embedded, and Embodied Interaction, 2019, 

pp. 205–212. 

[43] D. M. Markowitz, R. Laha, B. P. Perone, R. D. Pea, and J. N. Bailenson, “Immersive virtual 

reality field trips facilitate learning about climate change,” Front. Psychol., vol. 9, p. 2364, 

2018. 

[44] D. W. Carruth, “Virtual reality for education and workforce training,” ICETA 2017 - 15th IEEE 

Int. Conf. Emerg. eLearning Technol. Appl. Proc., 2017, doi: 10.1109/ICETA.2017.8102472. 

[45] S. M. C. Loureiro, J. Guerreiro, and F. Ali, “20 years of research on virtual reality and 

augmented reality in tourism context: A text-mining approach,” Tour. Manag., vol. 77, no. 

August 2019, 2020, doi: 10.1016/j.tourman.2019.104028. 

[46] R. Yung and C. Khoo-Lattimore, “New realities: a systematic literature review on virtual 

reality and augmented reality in tourism research,” Curr. Issues Tour., vol. 22, no. 17, pp. 

2056–2081, 2019, doi: 10.1080/13683500.2017.1417359. 

[47] H. Kang, “Impact of VR on impulsive desire for a destination,” J. Hosp. Tour. Manag., vol. 42, 

pp. 244–255, 2020. 

[48] Y. C. Huang, K. F. Backman, S. J. Backman, and L. L. Chang, “Exploring the implications of 

virtual reality technology in tourism marketing: An integrated research framework,” Int. J. 

Tour. Res., vol. 18, no. 2, pp. 116–128, 2016. 

[49] E. Lacka, “Assessing the impact of full-fledged location-based augmented reality games on 

tourism destination visits,” Curr. Issues Tour., vol. 23, no. 3, pp. 345–357, 2020. 

[50] C. M. Hall and A. M. Williams, Tourism and innovation. Routledge, 2019. 

[51] S. Divisekera and V. K. Nguyen, “Determinants of innovation in tourism evidence from 

Australia,” Tour. Manag., vol. 67, pp. 157–167, 2018. 

[52] Q. Miao and D. Popp, “Necessity as the mother of invention: Innovative responses to natural 

disasters,” J. Environ. Econ. Manage., vol. 68, no. 2, pp. 280–295, 2014. 

[53] E. Johannesson, C. Silén, J. Kvist, and H. Hult, “Students’ experiences of learning manual 

clinical skills through simulation,” Adv. Heal. Sci. Educ., vol. 18, no. 1, pp. 99–114, 2013. 

[54] G. Chryssolouris, D. Mavrikios, N. Papakostas, D. Mourtzis, G. Michalos, and K. Georgoulias, 

“Digital manufacturing: history, perspectives, and outlook,” Proc. Inst. Mech. Eng. Part B J. 

Eng. Manuf., vol. 223, no. 5, pp. 451–462, 2009. 

[55] G. Lawson, P. Herriotts, L. Malcolm, K. Gabrecht, and S. Hermawati, “The use of virtual 

reality and physical tools in the development and validation of ease of entry and exit in 

passenger vehicles,” Appl. Ergon., vol. 48, pp. 240–251, 2015, doi: 

https://doi.org/10.1016/j.apergo.2014.12.007. 

[56] A. Seth, J. M. Vance, and J. H. Oliver, “Virtual reality for assembly methods prototyping: a 

review,” Virtual Reality, vol. 15, no. 1. pp. 5–20, 2011, doi: 10.1007/s10055-009-0153-y. 

[57] R. Hanson, W. Falkenström, and M. Miettinen, “Augmented reality as a means of conveying 

picking information in kit preparation for mixed-model assembly,” Comput. Ind. Eng., vol. 

113, pp. 570–575, 2017, doi: https://doi.org/10.1016/j.cie.2017.09.048. 

 



RETREAT 2020
Journal of Physics: Conference Series 1874 (2021) 012031

IOP Publishing
doi:10.1088/1742-6596/1874/1/012031

12

 

 

 

 

 

 

 

 

[58] S. Borsci, G. Lawson, and S. Broome, “Empirical evidence, evaluation criteria and challenges 

for the effectiveness of virtual and mixed reality tools for training operators of car service 

maintenance,” Comput. Ind., vol. 67, pp. 17–26, 2015, doi: 

https://doi.org/10.1016/j.compind.2014.12.002. 

[59] M. Hermann, T. Pentek, and B. Otto, “Design principles for industrie 4.0 scenarios,” in 2016 

49th Hawaii international conference on system sciences (HICSS), 2016, pp. 3928–3937. 

[60] J. J. Roldán, E. Crespo, A. Martín-Barrio, E. Peña-Tapia, and A. Barrientos, “A training system 

for Industry 4.0 operators in complex assemblies based on virtual reality and process mining,” 

Robot. Comput. Integr. Manuf., vol. 59, pp. 305–316, 2019. 

[61] F. E. Klonek, N. Lehmann-Willenbrock, and S. Kauffeld, “Dynamics of Resistance to Change: 

A Sequential Analysis of Change Agents in Action,” J. Chang. Manag., vol. 14, no. 3, pp. 

334–360, Jul. 2014, doi: 10.1080/14697017.2014.896392. 

[62] S. M. H. Asraf, A. F. M. Hashim, and S. Z. S. Idrus, “Mobile Application Outdoor Navigation 

Using Location-Based Augmented Reality (AR),” in Journal of Physics: Conference Series, 

2020, vol. 1529, no. 2, p. 22098. 

[63] S. Thiede, M. Juraschek, and C. Herrmann, “Implementing Cyber-physical Production Systems 

in Learning Factories,” Procedia CIRP, vol. 54. pp. 7–12, 2016, doi: 

10.1016/j.procir.2016.04.098. 

[64] P. Chen, X. Liu, W. Cheng, and R. Huang, “A review of using Augmented Reality in 

Education from 2011 to 2016,” in Innovations in smart learning, Springer, 2017, pp. 13–18. 

[65] D. Kamińska et al., “Virtual reality and its applications in education: Survey,” Inf., vol. 10, no. 

10, pp. 1–20, 2019, doi: 10.3390/info10100318. 

[66] R. M. Yilmaz, “Educational magic toys developed with augmented reality technology for early 

childhood education,” Comput. Human Behav., vol. 54, pp. 240–248, 2016. 

[67] H.-K. Wu, S. W.-Y. Lee, H.-Y. Chang, and J.-C. Liang, “Current status, opportunities and 

challenges of augmented reality in education,” Comput. Educ., vol. 62, pp. 41–49, 2013. 

[68] M. Akçayır and G. Akçayır, “Advantages and challenges associated with augmented reality for 

education: A systematic review of the literature,” Educ. Res. Rev., vol. 20, pp. 1–11, 2017. 

[69] L. Freina and M. Ott, “A literature review on immersive virtual reality in education: state of the 

art and perspectives,” in The international scientific conference elearning and software for 

education, 2015, vol. 1, no. 133, pp. 10–1007. 

[70] J. Garzón, J. Pavón, and S. Baldiris, “Systematic review and meta-analysis of augmented 

reality in educational settings,” Virtual Real., vol. 23, no. 4, pp. 447–459, 2019. 

[71] D. Hamilton, J. McKechnie, E. Edgerton, and C. Wilson, “Immersive virtual reality as a 

pedagogical tool in education: a systematic literature review of quantitative learning outcomes 

and experimental design,” J. Comput. Educ., pp. 1–32, 2020. 

[72] I. Radu, “Augmented reality in education: a meta-review and cross-media analysis,” Pers. 

Ubiquitous Comput., vol. 18, no. 6, pp. 1533–1543, 2014. 

[73] Z. Merchant, E. T. Goetz, L. Cifuentes, W. Keeney-Kennicutt, and T. J. Davis, “Effectiveness 

of virtual reality-based instruction on students’ learning outcomes in K-12 and higher 

education: A meta-analysis,” Comput. Educ., vol. 70, pp. 29–40, 2014. 

[74] J. Radianti, T. A. Majchrzak, J. Fromm, and I. Wohlgenannt, “A systematic review of 

immersive virtual reality applications for higher education: Design elements, lessons learned, 

and research agenda,” Comput. Educ., vol. 147, p. 103778, 2020. 

[75] E. Z. Barsom, M. Graafland, and M. P. Schijven, “Systematic review on the effectiveness of 

augmented reality applications in medical training,” Surg. Endosc., vol. 30, no. 10, pp. 4174–

4183, 2016. 

[76] F. Arici, P. Yildirim, Ş. Caliklar, and R. M. Yilmaz, “Research trends in the use of augmented 

reality in science education: Content and bibliometric mapping analysis,” Comput. Educ., vol. 



RETREAT 2020
Journal of Physics: Conference Series 1874 (2021) 012031

IOP Publishing
doi:10.1088/1742-6596/1874/1/012031

13

 

 

 

 

 

 

142, p. 103647, 2019. 

 

[77] A. Parmaxi and A. A. Demetriou, “Augmented reality in language learning: A state‐of‐the‐art 

review of 2014–2019,” J. Comput. Assist. Learn., vol. 36, no. 6, pp. 861–875, 2020. 

[78] J. Martín-Gutiérrez, C. E. Mora, B. Añorbe-Díaz, and A. González-Marrero, “Virtual 

technologies trends in education,” Eurasia J. Math. Sci. Technol. Educ., vol. 13, no. 2, pp. 

469–486, 2017, doi: 10.12973/eurasia.2017.00626a. 

[79] H. Kaufmann, D. Schmalstieg, and M. Wagner, “Construct3D: a virtual reality application for 

mathematics and geometry education,” Educ. Inf. Technol., vol. 5, no. 4, pp. 263–276, 2000. 

[80] L. Kerawalla, R. Luckin, S. Seljeflot, and A. Woolard, “‘Making it real’: exploring the 

potential of augmented reality for teaching primary school science,” Virtual Real., vol. 10, no. 

3–4, pp. 163–174, 2006. 

[81] N. Muller, D. Panzoli, M. Galaup, P. Lagarrigue, and J.-P. Jessel, “Learning mechanical 

engineering in a virtual workshop: A preliminary study on utilisability, utility and 

acceptability,” in 2017 9th international conference on virtual worlds and games for serious 

applications (VS-Games), 2017, pp. 55–62. 

[82] H. C. Miles, S. R. Pop, S. J. Watt, G. P. Lawrence, and N. W. John, “A review of virtual 

environments for training in ball sports,” Comput. Graph., vol. 36, no. 6, pp. 714–726, 2012. 

[83] T. Le Naour, L. Hamon, and J.-P. Bresciani, “Superimposing 3D Virtual Self+ Expert 

Modeling for Motor Learning: Application to the Throw in American Football,” Front. ICT, 

vol. 6, p. 16, 2019. 

[84] T. A. Mikropoulos and A. Natsis, “Educational virtual environments: A ten-year review of 

empirical research (1999–2009),” Comput. Educ., vol. 56, no. 3, pp. 769–780, 2011. 

[85] A. N. Zulkifli, A. J. Ahmed Alnagrat, and R. Che Mat, “Development and evaluation of i-

Brochure: A mobile augmented reality application,” J. Telecommun. Electron. Comput. Eng., 

vol. 8, no. 10, pp. 145–150, 2016. 

[86] J. D. Bric, D. C. Lumbard, M. J. Frelich, and J. C. Gould, “Current state of virtual reality 

simulation in robotic surgery training: a review,” Surg. Endosc., vol. 30, no. 6, pp. 2169–2178, 

2016. 

[87] E. Roy, M. M. Bakr, and R. George, “The need for virtual reality simulators in dental 

education: A review,” Saudi Dent. J., vol. 29, no. 2, pp. 41–47, 2017. 

[88] D. S. Patle, D. Manca, S. Nazir, and S. Sharma, “Operator training simulators in virtual reality 

environment for process operators: a review,” Virtual Real., vol. 23, no. 3, pp. 293–311, 2019. 

[89] C. Kommetter and M. Ebner, “A pedagogical framework for mixed reality in classrooms based 

on a literature review,” in EdMedia+ Innovate Learning, 2019, pp. 901–911. 

[90] D. Połap, K. Kęsik, A. Winnicka, and M. Woźniak, “Strengthening the perception of the virtual 

worlds in a virtual reality environment,” ISA Trans., vol. 102, no. xxxx, pp. 397–406, 2020, 

doi: 10.1016/j.isatra.2020.02.023. 

[91] L. Chen et al., “Effect of virtual reality on postural and balance control in patients with stroke: 

a systematic literature review,” Biomed Res. Int., vol. 2016, 2016. 

[92] H. Kaufmann, K. Steinbügl, A. Dünser, and J. Glück, “General training of spatial abilities by 

geometry education in augmented reality,” Annu. Rev. CyberTherapy Telemed. A Decad. VR, 

vol. 3, pp. 65–76, 2005. 

[93] J. Martín-Gutiérrez, J. L. Saorín, M. Contero, M. Alcañiz, D. C. Pérez-López, and M. Ortega, 

“Design and validation of an augmented book for spatial abilities development in engineering 

students,” Comput. Graph., vol. 34, no. 1, pp. 77–91, 2010. 

[94] F. Zhou, H. B.-L. Duh, and M. Billinghurst, “Trends in augmented reality tracking, interaction 

and display: A review of ten years of ISMAR,” in 2008 7th IEEE/ACM International 

Symposium on Mixed and Augmented Reality, 2008, pp. 193–202. 

[95] A. Jamah, A. Alnagrat, A. N. Zulkifli, and M. F. Yusoff, “Evaluation of UUM Mobile 

Augmented Reality Based i-Brochure Application,” Int. J. Comput. Commun. Instrum. Eng., 



RETREAT 2020
Journal of Physics: Conference Series 1874 (2021) 012031

IOP Publishing
doi:10.1088/1742-6596/1874/1/012031

14

 

 

 

 

 

 

vol. 2, no. 2, 2014, doi: 10.15242/ijccie.d0814014. 

 

[96] W. Winn, “Research into practice: Current trends in educational technology research: The 

study of learning environments,” Educ. Psychol. Rev., vol. 14, no. 3, pp. 331–351, 2002. 

[97] M. A. Mundy, J. Hernandez, and M. Green, “Perceptions of the effects of augmented reality in 

the classroom,” J. Instr. Pedagog., vol. 22, pp. 1–15, 2019. 

[98] J.-M. Cieutat, “Quelques applications de la réalité augmentée: Nouveaux modes de traitement 

de l’information et de la communication. Effets sur la perception, la cognition et l’action.” 

2013. 

[99] J. Saunier, M. Barange, B. Blandin, and R. Querrec, “A methodology for the design of 

pedagogically adaptable learning environments.,” Int. J. Virtual Real., vol. 16, no. 1, pp. 15–

21, 2016. 

[100] C. D. Fehling, A. Müller, and M. Aehnelt, “Enhancing vocational training with augmented 

reality,” 2016. 

[101] D. Wentworth, “The Impact and Potential of Virtual Reality Training in High-Consequence 

Industries.” 2018. 

[102] L. Mekacher, “Augmented Reality (AR) and Virtual Reality (VR): The Future of Interactive 

Vocational Education and Training for People with Handicap,” PUPIL Int. J. Teaching, Educ. 

Learn., vol. 3, no. 1, 2019. 

[103] L. Shapira and D. Freedman, “Reality Skins: Creating Immersive and Tactile Virtual 

Environments,” in 2016 IEEE International Symposium on Mixed and Augmented Reality 

(ISMAR), 2016, pp. 115–124. 

[104] S. Mann, T. Furness, Y. Yuan, J. Iorio, and Z. Wang, “All reality: Virtual, augmented, mixed 

(x), mediated (x, y), and multimediated reality,” arXiv Prepr. arXiv1804.08386, 2018. 

[105] R. Reuter et al., “Using Augmented Reality in Software Engineering Education? First insights 

to a comparative study of 2D and AR UML modeling,” Proc. 52nd Hawaii Int. Conf. Syst. Sci., 

vol. 6, pp. 7798–7807, 2019, doi: 10.24251/hicss.2019.938. 

[106] J. Bacca, S. Baldiris, R. Fabregat, and S. Graf, “Augmented reality trends in education: a 

systematic review of research and applications,” 2014. 

[107] U. Gulec, M. Yilmaz, V. Isler, R. V O’Connor, and P. Clarke, “Adopting virtual reality as a 

medium for software development process education,” in Proceedings of the 2018 

International Conference on Software and System Process, 2018, pp. 71–75. 

[108] W. L. Bedwell, D. Pavlas, K. Heyne, E. H. Lazzara, and E. Salas, “Toward a taxonomy linking 

game attributes to learning: An empirical study,” Simul. Gaming, vol. 43, no. 6, pp. 729–760, 

2012. 

[109] L. E. Nacke and C. S. Deterding, “The maturing of gamification research,” Comput. Hum. 

Behav., pp. 450–454, 2017. 

[110] M. B. Armstrong, R. N. Landers, and A. B. Collmus, “Gamifying recruitment, selection, 

training, and performance management: Game-thinking in human resource management,” in 

Emerging research and trends in gamification, IGI Global, 2016, pp. 140–165. 

[111] M. J. Burke, S. A. Sarpy, K. Smith-Crowe, S. Chan-Serafin, R. O. Salvador, and G. Islam, 

“Relative effectiveness of worker safety and health training methods,” Am. J. Public Health, 

vol. 96, no. 2, pp. 315–324, 2006. 

[112] R. N. Landers and M. B. Armstrong, “Enhancing instructional outcomes with gamification: An 

empirical test of the Technology-Enhanced Training Effectiveness Model,” Comput. Human 

Behav., vol. 71, pp. 499–507, 2017. 

[113] D. C. Kingston, M. F. Riddell, C. D. McKinnon, K. M. Gallagher, and J. P. Callaghan, 

“Influence of input hardware and work surface angle on upper limb posture in a hybrid 

computer workstation,” Hum. Factors, vol. 58, no. 1, pp. 107–119, 2016. 

[114] T. P. Luu, Y. He, S. Brown, S. Nakagome, and J. L. Contreras-Vidal, “Gait adaptation to visual 

kinematic perturbations using a real-time closed-loop brain–computer interface to a virtual 



RETREAT 2020
Journal of Physics: Conference Series 1874 (2021) 012031

IOP Publishing
doi:10.1088/1742-6596/1874/1/012031

15

 

 

 

 

 

 

reality avatar,” J. Neural Eng., vol. 13, no. 3, p. 36006, 2016. 

 

[115] M. Zhang, Z. Zhang, Y. Chang, E.-S. Aziz, S. Esche, and C. Chassapis, “Recent developments 

in game-based virtual reality educational laboratories using the microsoft kinect,” Int. J. 

Emerg. Technol. Learn., vol. 13, no. 1, pp. 138–159, 2018. 

[116] L. Jensen and F. Konradsen, “A review of the use of virtual reality head-mounted displays in 

education and training,” Educ. Inf. Technol., vol. 23, no. 4, pp. 1515–1529, 2018, doi: 

10.1007/s10639-017-9676-0. 

[117] S. C. Mallam, S. Nazir, and S. K. Renganayagalu, “Rethinking Maritime Education, Training, 

and Operations in the Digital Era: Applications for Emerging Immersive Technologies,” J. 

Mar. Sci. Eng., vol. 7, no. 12, p. 428, 2019. 

[118] J. Tichon and R. Burgess-Limerick, “A review of virtual reality as a medium for safety related 

training in mining,” J. Heal. Saf. Res. Pract., vol. 3, no. 1, pp. 33–40, 2011. 

[119] F. Buttussi and L. Chittaro, “Effects of different types of virtual reality display on presence and 

learning in a safety training scenario,” IEEE Trans. Vis. Comput. Graph., vol. 24, no. 2, pp. 

1063–1076, 2017. 

[120] L. Chittaro and F. Buttussi, “Assessing knowledge retention of an immersive serious game vs. 

a traditional education method in aviation safety,” IEEE Trans. Vis. Comput. Graph., vol. 21, 

no. 4, pp. 529–538, 2015. 

[121] P. Backlund, H. Engstrom, C. Hammar, M. Johannesson, and M. Lebram, “Sidh–a game based 

firefighter training simulation,” in 2007 11th International Conference Information 

Visualization (IV’07), 2007, pp. 899–907. 

[122] L. Gamberini, P. Cottone, A. Spagnolli, D. Varotto, and G. Mantovani, “Responding to a fire 

emergency in a virtual environment: different patterns of action for different situations,” 

Ergonomics, vol. 46, no. 8, pp. 842–858, 2003. 

[123] D. C. Schwebel, J. Gaines, and J. Severson, “Validation of virtual reality as a tool to 

understand and prevent child pedestrian injury,” Accid. Anal. Prev., vol. 40, no. 4, pp. 1394–

1400, 2008. 

[124] Z. Feng, V. A. González, R. Amor, R. Lovreglio, and G. Cabrera-Guerrero, “Immersive virtual 

reality serious games for evacuation training and research: A systematic literature review,” 

Comput. Educ., vol. 127, pp. 252–266, 2018. 

[125] C. Li, W. Liang, C. Quigley, Y. Zhao, and L.-F. Yu, “Earthquake safety training through 

virtual drills,” IEEE Trans. Vis. Comput. Graph., vol. 23, no. 4, pp. 1275–1284, 2017. 

[126] V. A. M. Jorge et al., “Interacting with danger in an immersive environment: issues on 

cognitive load and risk perception,” in Proceedings of the 19th ACM symposium on virtual 

reality software and technology, 2013, pp. 83–92. 

[127] R. Sacks, A. Perlman, and R. Barak, “Construction safety training using immersive virtual 

reality,” Constr. Manag. Econ., vol. 31, no. 9, pp. 1005–1017, 2013. 

[128] R. Zaalberg and C. J. H. Midden, “Living behind dikes: mimicking flooding experiences,” Risk 

Anal., vol. 33, no. 5, pp. 866–876, 2013. 

[129] M. Kinateder et al., “The effect of dangerous goods transporters on hazard perception and 

evacuation behavior–A virtual reality experiment on tunnel emergencies,” Fire Saf. J., vol. 78, 

pp. 24–30, 2015. 

[130] J. Leder, T. Horlitz, P. Puschmann, V. Wittstock, and A. Schütz, “Comparing immersive 

virtual reality and powerpoint as methods for delivering safety training: Impacts on risk 

perception, learning, and decision making,” Saf. Sci., vol. 111, pp. 271–286, 2019. 

[131] G. Makransky, S. Borre‐Gude, and R. E. Mayer, “Motivational and cognitive benefits of 

training in immersive virtual reality based on multiple assessments,” J. Comput. Assist. Learn., 

vol. 35, no. 6, pp. 691–707, 2019. 

[132] M. Fernandez, “Augmented-Virtual Reality: How to improve education systems,” High. Learn. 

Res. Commun., vol. 7, no. 1, p. 1, 2017, doi: 10.18870/hlrc.v7i1.373. 



RETREAT 2020
Journal of Physics: Conference Series 1874 (2021) 012031

IOP Publishing
doi:10.1088/1742-6596/1874/1/012031

16

 

 

 

 

 

 

 

 

[133] I. N. M. Bistaman, S. Z. S. Idrus, and S. Abd Rashid, “The use of augmented reality technology 

for primary school education in Perlis, Malaysia,” in Journal of Physics: Conference Series, 

2018, vol. 1019, no. 1, p. 12064. 

[134] M. Fernandez, “Augmented-virtual reality: How to improve education systems,” High. Learn. 

Res. Commun., vol. 7, no. 1, p. 3, 2017. 

[135] S. N. A. Ismail, W. N. A. W. Ali, A. F. Hashim, and S. Z. S. Idrus, “The Development of 

Augmented Reality Mobile Information System (ARMIS) influences the Psychological Factors 

in Consumers’ Preferences,” in Journal of Physics: Conference Series, 2020, vol. 1529, no. 3, 

p. 32072. 

[136] C. Kumar, “A new frontier: How can you profit from augmented and virtual reality,” Business. 

com, 2017. 

[137] G. Falloon, “Using avatars and virtual environments in learning: What do they have to offer?,” 

Br. J. Educ. Technol., vol. 41, no. 1, pp. 108–122, 2010. 

[138] A. Norlund, I. D. D. Curcio, and A. Dipace, “Virtual realities and education,” Res. Educ. 

Media, vol. 8, no. 2, 2016. 

[139] M. Hoffmann, T. Meisen, and S. Jeschke, “Shifting virtual reality education to the next level–

Experiencing remote laboratories through mixed reality,” in Engineering Education 4.0, 

Springer, 2016, pp. 235–249. 

[140] R. Lindgren, M. Tscholl, S. Wang, and E. Johnson, “Enhancing learning and engagement 

through embodied interaction within a mixed reality simulation,” Comput. Educ., vol. 95, pp. 

174–187, 2016. 

[141] C. Boletsis and S. McCallum, “The table mystery: An augmented reality collaborative game 

for chemistry education,” in International Conference on Serious Games Development and 

Applications, 2013, pp. 86–95. 

[142] M. B. Ibáñez, Á. Di Serio, D. Villarán, and C. D. Kloos, “Experimenting with 

electromagnetism using augmented reality: Impact on flow student experience and educational 

effectiveness,” Comput. Educ., vol. 71, pp. 1–13, 2014. 

[143] F. Pallavicini, L. Argenton, N. Toniazzi, L. Aceti, and F. Mantovani, “Virtual reality 

applications for stress management training in the military,” Aerosp. Med. Hum. Perform., vol. 

87, no. 12, pp. 1021–1030, 2016. 

[144] K. K. Bhagat, W.-K. Liou, and C.-Y. Chang, “A cost-effective interactive 3D virtual reality 

system applied to military live firing training,” Virtual Real., vol. 20, no. 2, pp. 127–140, 2016. 

[145] E. D. Ragan, D. A. Bowman, R. Kopper, C. Stinson, S. Scerbo, and R. P. McMahan, “Effects 

of field of view and visual complexity on virtual reality training effectiveness for a visual 

scanning task,” IEEE Trans. Vis. Comput. Graph., vol. 21, no. 7, pp. 794–807, 2015. 

[146] M. J. Smith et al., “Virtual reality job interview training for veterans with posttraumatic stress 

disorder,” J. Vocat. Rehabil., vol. 42, no. 3, pp. 271–279, 2015. 

[147] N. E. Seymour et al., “Virtual reality training improves operating room performance: results of 

a randomized, double-blinded study,” Ann. Surg., vol. 236, no. 4, p. 458, 2002. 

[148] P. Piromchai, A. Avery, M. Laopaiboon, G. Kennedy, and S. O’Leary, “Virtual reality training 

for improving the skills needed for performing surgery of the ear, nose or throat,” Cochrane 

Database Syst. Rev., no. 9, 2015. 

[149] T. Gunn, P. Rowntree, L. Nissen, and P. Bridge, “The impact of virtual reality training on 

medical imaging students’ confidence and general radiographic skills,” JMRS, vol. 63, no. S1, 

p. 28, 2016. 

[150] K. Alexopoulos, D. Mavrikios, and G. Chryssolouris, “ErgoToolkit: an ergonomic analysis tool 

in a virtual manufacturing environment,” Int. J. Comput. Integr. Manuf., vol. 26, no. 5, pp. 

440–452, 2013. 

[151] G. Chryssolouris, D. Mavrikios, D. Fragos, and V. Karabatsou, “A virtual reality-based 



RETREAT 2020
Journal of Physics: Conference Series 1874 (2021) 012031

IOP Publishing
doi:10.1088/1742-6596/1874/1/012031

17

 

 

 

 

 

 

experimentation environment for the verification of human-related factors in assembly 

processes,” Robot. Comput. Integr. Manuf., vol. 16, no. 4, pp. 267–276, 2000. 

[152] K. Pellett and S. F. M. Zaidi, “A Framework for Virtual Reality Training to Improve Public 

Speaking,” in 25th ACM Symposium on Virtual Reality Software and Technology, 2019, pp. 1–

2. 

[153] C. Hamilton, Communicating for results: A guide for business and the professions. Cengage 

Learning, 2013. 

[154] P. Lindner et al., “Therapist-led and self-led one-session virtual reality exposure therapy for 

public speaking anxiety with consumer hardware and software: A randomized controlled trial,” 

J. Anxiety Disord., vol. 61, pp. 45–54, 2019. 

[155] M. Price, N. Mehta, E. B. Tone, and P. L. Anderson, “Does engagement with exposure yield 

better outcomes? Components of presence as a predictor of treatment response for virtual 

reality exposure therapy for social phobia,” J. Anxiety Disord., vol. 25, no. 6, pp. 763–770, 

2011. 

[156] A. Almohamed, A. Dey, J. Zhang, and D. Vyas, “Extended reality for refugees: Pragmatic 

ideas through ethnographic research with refugees in Australia,” in 2019 IEEE International 

Symposium on Mixed and Augmented Reality Adjunct (ISMAR-Adjunct), 2019, pp. 422–425. 

[157] G. Koutitas et al., “A virtual and augmented reality platform for the training of first responders 

of the ambulance bus,” in Proceedings of the 12th ACM International Conference on 

PErvasive Technologies Related to Assistive Environments, 2019, pp. 299–302. 

[158] D. Mourtzis, V. Siatras, and J. Angelopoulos, “Real-Time Remote Maintenance Support Based 

on Augmented Reality (AR),” Appl. Sci., vol. 10, no. 5, p. 1855, 2020. 

[159] D. Nathanael, G.-C. Vosniakos, and S. Mosialos, “Cognitive task analysis for Virtual Reality 

Training: the case of CNC tool offsetting,” in Proceedings of the 28th Annual European 

Conference on Cognitive Ergonomics, 2010, pp. 241–244. 

[160] S. Gunkel, H. Stokking, M. Prins, O. Niamut, E. Siahaan, and P. Cesar, “Experiencing virtual 

reality together: Social VR use case study,” in Proceedings of the 2018 ACM International 

Conference on Interactive Experiences for TV and Online Video, 2018, pp. 233–238. 

[161] J. Saunier, M. Barange, B. Blandin, R. Querrec, and J. Taoum, “Designing adaptable virtual 

reality learning environments,” in Proceedings of the 2016 Virtual Reality International 

Conference, 2016, pp. 1–4. 

[162] G. Koutitas, J. Jabez, C. Grohman, C. Radhakrishna, V. Siddaraju, and S. Jadon, “Demo/poster 

abstract: XReality research lab - Augmented reality meets Internet of Things,” INFOCOM 

2018 - IEEE Conf. Comput. Commun. Work., pp. 1–2, 2018, doi: 

10.1109/INFCOMW.2018.8406848. 

[163] B. Bach, R. Sicat, J. Beyer, M. Cordeil, and H. Pfister, “The hologram in my hand: How 

effective is interactive exploration of 3d visualizations in immersive tangible augmented 

reality?,” IEEE Trans. Vis. Comput. Graph., vol. 24, no. 1, pp. 457–467, 2017. 

[164] J.-W. Wu, D.-W. Chou, and J.-R. Jiang, “The virtual environment of things (veot): A 

framework for integrating smart things into networked virtual environments,” in 2014 IEEE 

International Conference on Internet of Things (iThings), and IEEE Green Computing and 

Communications (GreenCom) and IEEE Cyber, Physical and Social Computing (CPSCom), 

2014, pp. 456–459. 

[165] T. Andrade and D. Bastos, “Extended Reality in IoT scenarios: Concepts, Applications and 

Future Trends,” in 2019 5th Experiment International Conference (exp. at’19), 2019, pp. 107–

112. 

 




