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Topic of interest: The use of Virtual Reality in training & development  

Introduction:
The purpose of this critical evaluation is to demonstrate the current academic literature which is currently presented concerning Virtual Reality (VR) within learning and Development. This assignment will focus on eight academic papers that attempts to identify the impact VR has on learning process. VR has been present for many years within the Gaming industry however in the last few years Maritime, Public Services, Aviation & Medical (surgeons) have introduced VR as a tool for learning (Lim lee & Wong, 2008) Initially VR was introduced within the gaming industry due to its realism, engagement, and excitement by game users. It is evident from the current literature that users of VR benefit from the experience due to its realism and reduced pressure of completing tasks without any consequences. However, some literature suggests VR has does not have a significant impact on learning (Campos, Hidrogo, Zavala & Zavala. 2022).
In this critical evaluation of several journals which focus on Virtual Reality (VR) within Learning & Development, this literature review will investigate the current application on the use of virtual reality within a training environment. Furthermore, this evaluation will identify the methodologies used to compile conclusions from the research studies reviewed. Moreover, the discussion will focus on the key findings demonstrated from the journals identified to critically evaluate the current research on how VR impacts learning & development. Eight research journals have been critically evaluated to identify the impact of virtual reality (VE) within a training environment, which relates to the potential research question which has been posed.  The rationale for choosing to critical evaluate the impact of VR within a training environment, is due to my interests in using VR within my own professional working practice. The environment in which we train people is very safety orientated, many aspects of training can only be trained out in theory. 
The training provided to Train Manager is practical due to its nature, there are elements of training which can be completed in a practical manner however, we cannot recreate a fire on a train, passengers falling down the gap, derailment and many more incidents which cannot be recreated due to safety and cost. As stated earlier in this induction, many other industries use VR to improve the learning experience for individuals. Driver simulation has been present since the mid 90’s within some Train Operating Companies (TOC’s), prior to the introduction of simulation Train Drivers would learn by using traditional teaching methods that could not compare to any simulation training. This is evident as all Train Operating Companies use simulation to train their Train Drivers, this is a current requirement set by RSSB (Rail Safety Standard Board) who regulate the standards in training. RSSB do not currently have any requirements for Virtual Reality to be used in Train Manager training however, the RSSB recognize the value in such teaching methods. Due to nature of the role of a Train Managers, traditional methods to train this safety critical role are outdated. This review will discuss the approaches to ethical considerations, reliability and validity which demonstrates the value of the findings. 












Virtual reality:
Virtual reality can be described as or commonly referred to as the use of computer-generated 3D environment, which the participants can interact with. This generates real-time simulation of potential all five senses (Burdea & Coiffet, 2003). The three aspects that are characterized VR is the visualization where the participant can look around using the head -mounted device. The second is the Immersion suspension of belief where objects are represented and the third is the control around the participants using a variety of different devices depending on the sophisticated equipment such as gloves, joysticks or computer keyboard. As in many of the studies examined all participants used these elements to learn from the experience. It must be noted there is also Augmented Reality (AR) which can be used as a learning tool also, however the difference with AR vs VR is that AR projects virtual pictures and characters through a phone’s camera or video viewer. AR is deemed only 25% Virtual compared to 75% when using VR, however there are advantages to AR which includes a wide range of applications that are continuously being improved. 










Current research:
The main purpose in using VR within a training environment is to provide an environment where mistakes can be made with no consequences, this enables the subjects more likely to make better decisions.
“VR can serve as a training environment that helps healthcare professionals improve their skills through hands-on learning. The key strength of such solutions is the ability to include even very rare clinical cases in scenarios and the total lack of consequences for wrong decisions and actions undertaken.” (Coelho, Queiros, & Reis, 2022)
VR has two main objectives, skills acquisition and transfer skills from virtual to a real-world exercise. (Coelho, Queiros, & Reis, 2022). Many studies in this sector have shown limitations in determining whether skills acquisition has taken place. 
Furthermore, VR can reduce costs to operations, for example if a novice trainee driver was learning how to drive a train on the main line, they may damage the train by completing an incorrect action. However, in a simulation/VR environment the subject could learn from their mistakes in a safe position. However, it must be said that current research published studies have shown feedback provided by subjects determine that VR does not replica a training environment where you can produce a training exercise that comes closer to the ‘real world’. One such study (Narciso, Melo, Raposo,  Cunha,  & Bessa,  2020) which examined fire fighters using VR within a classroom setting instead of their training scenarios within a controlled real environment (RE) in a container using smoke/fire. VR and simulation have been used by several sectors in the past 30 to 40 years initially in aviation industry, simulation has been used since 1910 for pilots (Moroney and Lilienthal 2009; Thompson, Carroll, and Deaton 2009). With technology improving drastically within this sector in the past 20 years has seen an increase in the use of VR in the Public services, NHS, Maritime and education/training.  Moreover, it is vitally important to understand how VR impacts learning using Virtual Reality. There are many questions that have attempted to be answered in all the studies which have been reviewed in this critical review however, many of the studies to be discuss suggest in their findings further research is required to support the significance in using VR as part of learning on a wider scale.
It is evident VR works for specific sectors due to their nature, for example trainee pilots will initially use simulators to train. This makes sense because of the potential risks involved in flying an aircraft for the first time. However, when using VR within an educational setting, does VR have a place as a tool to improve knowledge retention so performance is optimal? The purpose of using VR is to improve knowledge retention and problem solving within a safe environment. The epistemology, ontology, methods, and methodologies within each journal have been critically reviewed which demonstrates that many of the researchers/studies follow a scientific approach in identifying the worth of VR in training compared to a subjectivism/interpretivism approach.  
[bookmark: _Hlk130200096]












Journal 1. The Impact of Multi-person virtual reality competitive learning on anatomy education 
A brief overview will be discussed concerning the study on ‘The impact of multi-person VR competitive learning on anatomy education’. In many of the studies reviewed, used sample groups between 10-700 subjects to obtain their findings, this study used 18 participants to obtain their findings. Using a small sample can dimmish the statistical power, so it would be appropriate to use a larger sample group to give the study more weight in its findings (Faber, & Fonseca, 2014). This study explored the impact of a multiple-player virtual reality (VR) gaming system on anatomy learning. The methods used to obtain the findings include a quantitative approach, using statistical data and experimental. The purpose of this study was to identify if students could improve their knowledge retention within anatomy using VR. Anatomy is one of the core subjects in medical education which students spend a lot of time learning anatomy to pass their exams in this subject. 
	[bookmark: _Hlk130200026]Ontology 
	Epistemology 
	Methodologies
	Methods

	Realism 
	Positivism 
	Quantitative 
	Exam paper/ Statistical data

	
	
	
	Experimental procedure 



Journal 2: Virtual reality in training: An experimental study with firefighters 
The purpose of this study was to evaluate the effectiveness of a Virtual Environment (VE) to train firefighters using an innovate approach based on a Real Exercise (RE). The study conducted 2 exercises, 1 examined the responses from subjects using VR and the second exercise examined the responses from subjects in a RE. The same subjects were used for both aspects of the study for reliability purposes. Moreover, 4 types of questionnaires were used to determine cyber sickness, stress, fatigue, and age/VR experience. (Baseline environment (BE), habituation environment (HE), virtual environment (VE) and real environment (RE). One of the most important elements of the Quasi-experiment was to examine the physiological aspects, heart rate was analysed using ECG with the use of a vital jacket to determine stress levels in both VR & RE. (Narciso, Melo, Raposo, Cunha, & Bessa, 2020).

	Ontology 
	Epistemology 
	Methodologies
	Methods

	Realism 
	Positivism 
	Quantitative 
	Quasi-Experiment, Pre/Post-test mode 

	Objectivism 
	
	
	Presence Questionnaire 
Wilcox statistical test 




Journal 3: Comparing immersive virtual reality and PowerPoint as methods for delivering training: Impacts on risk perception, learning and decision making
This study compared safety training given via immersive reality with safety training given through power-point, the main aspects of this study was to examine effects of risk perception, learning, and risky choices. Two experiments were carried out which included 53 participants and then 68 participants. Furthermore, long term effects were examined by training information recall and risk perception after a 6-month interval were assessed. The results found that the costly procedure of immersive virtual reality does not justify for safety training, this is due to low cost of using a power-point in comparison with vivid film scenes did not fare significantly worse with respect to changes in the elements the study was examining (Risk, perception, learning outcomes or decision making) (Leder, Horlitz, Puschmann,  Wittstock, & Schütz, 2019).

	Ontology 
	Epistemology 
	Methodologies
	Methods

	[bookmark: _Hlk130222845]Realism 
	Positivism 
	Quantitative 
	Pre/Post design, PTT 

	Objectivism 
	
	
	




Journal 4: Effects of interface on procedural skill transfer in virtual training: Lifeboat launching operation study 
The aim of this study was to evaluate the transferability of two elements of procedural skills, which are procedural knowledge and technical skills. One group with a lecture and 3 VR groups with a combination of output and input devices, a monitor and keyboard/mouse, a head mounted display (HMD) and joypad, and an HMD and wearable sensors. The overall task for the participants was to memorize a ten -step procedure using 14 different parts of equipment that should be manipulated in each step. The study then examined before and after training by evaluating the subjects’ procedural knowledge and technical skill on a real lifeboat. The overall results showed that virtual training was a more efficient training format for short term training compared to a lecture. (Jung, J. K., & Ahn, Y. J. (2018).

	Ontology 
	Epistemology 
	Methodologies
	Methods

	Realism 
	Positivism 
	Quantitative 
	Survey, experiment 

	Objectivism 
	
	
	



Journal 5: Effects of virtual reality simulation on worker emergency evacuation of neonates

This study examined differences in learning outcomes among newborn intensive care unit workers who completed virtual reality simulation (VRS), emergency evacuation vs those workers who received web-based clinical updates (CU). 
Learning outcomes from the study:
1. Knowledge gained
2. Confidence with evacuation 
3. Performance in a live evacuation exercise 
The methods used within this study included a longitudinal, mixed methods, quasi-experimental design to analyze the results. A sample of participants were assigned training within the virtual reality simulation or clinical updates. Questionnaires and focus groups were used to capture the use of VRS. The outcome of this study demonstrated that training using VRS is effective in performance when training for disaster training. (Farra, Hodgson, Miller, Timm, Brady, Gneuhs, Ying,  Hausfeld, Cosgrove, Simon & Bottomley, 2019).
	Ontology 
	Epistemology 
	Methodologies
	Methods

	Objectivism/ Subjectivism 
	Positivism/ Interpretivism
	Mixed methods  
	Questionnaire
Focus group 

	
	
	
	






Journal 6: Evaluation of procedural learning transfer from a virtual environment to a real situation: a case study on tank maintenance training
The overall aim for this study was to analyze whether a maintenance procedure could be learnt just as equal or better using virtual-environment and conventional training. Three groups were used, 14 in each group. Group A’s were trained using Virtual environment, Group B were trained using conventional training (Using a real tank suspension and prep station) and control with no training. Once all groups completed the task, they then completed the task within a real environment, there was no significant difference between Group A or Group B in relation to time taken to complete the task or success. (Gainer, Hoareau & Tisseau, 2014)
	Ontology 
	Epistemology 
	Methodologies
	Methods

	Realism 
	Positivism 
	Quantitative 
	Random experiment, control group 

	Objectivism 
	
	
	



7: The effects of virtual reality learning environment on student cognitive and linguistic development 
The aim of this study was to attempt to better understand how virtual worlds postively impact student learning, the study used a 3D VR English language learning platform and completed an experiment to analyse the students learning effectiveness based on Bloom’s cognitive complexity level. A large sample was used of 448 participants due to the availability and resource completing such a study within a educational setting. The researchers used the t-test analysis to determine the effectiveness of the learning platform and a structural equation modeling (SEM) analysis was used to test the learning model. The findings showed that students improved their phonological, morphological, grammar and syntax knowledge. (Chen, 2016) 
	Ontology 
	Epistemology 
	Methodologies
	Methods

	Realism 
	Positivism 
	Quantitative 
	Pre/Post test, Questionnaire, Quasi-experiment, Chi-square  

	Objectivism 
	
	
	







Journal 8: Effect of virtual reality technology on the teaching of urban railway vehicle engineering
The aim of this study was to investigate the impact of VR on the operational skills and cognitive load in students studying urban railway vehicle engineering. To enable this study to be conducted a virtual reality learning environment (VRLE) was designed to support students understand how a bogie is dismantled and assembled. The subjects were randomly divided into an experimental group and a control group, and each group contained 31 males and 9 females. One group was taught using the Virtual reality learning environment, whereas the other group were taught using the traditional teaching methods. The overall results show that Virtual Reality played a positive role in students acquisition of operational skills and the Virtual Reality Learning Environment supported in reducing cognitive load in the students when they performing experiments. (Yang, Liu, Wang, Kou, Zhu, & Yao, 2021).
	[bookmark: _Hlk130200237]Ontology 
	Epistemology 
	Methodologies
	Methods

	Realism 
	Positivism 
	Quantitative 
	Pre/Post test, experiment, Questionnaire 



	Journal 
	Ontology 
	Epistemology 
	Methodologies
	Methods

	1
	Realism/Objectivism 
	Positivism 
	Quantitative  
	Exam paper/ Statistical data
Experimental procedure

	2
	Realism/Objectivism 
	Positivism
	Quantitative
	Quasi-Experiment, Pre/Post-test mode 
Presence Questionnaire 
Wilcox statistical test

	3
	Realism/Objectivism 
	Positivism
	Quantitative
	Pre/Post design/PTT 

	4
	Realism/Objectivism 
	Positivism
	Quantitative
	Surveys/Experiment 

	5
	Objectivism/ Subjectivism 
	Positivism/ Interpretivism
	Mixed methods  
	Questionnaire

	6
	Realism/Objectivism 
	Positivism
	Quantitative
	Random experiment, control group

	7
	Realism/Objectivism 
	Positivism
	Quantitative
	Pre/Post test, Quasi-experiment, Questionnaire, Chi-square 

	8
	Realism/Objectivism 
	Positivism
	Quantitative
	Random group, experiment, questionnaire, Pre/Post test


Overview:






Critical review:
As mentioned above there are several sectors that are using virtual reality as another method to gain optimal performance in real life situations. Using virtual reality is gaining momentum in training in a variety of professions, it is paramount to identify the impact VR has on retaining knowledge and the overall experience from the exercises. This critical review has identified several key themes with all studies examined, it is important to establish the paradigm within the studies as this will influence how the results have been generated (Ontology, Epistemology, Methodologies, Methods and Axiology). All journals used within this critical review have provided reliable findings from the studies conducted, using valid and appropriate methodologies for their individual studies. When searching for the appropriate journals to review, key words were used such as ‘The use of virtual reality in training and development’. This provided the appropriate journals to review, furthermore all journals were published, and peer reviewed which demonstrates the value of each journal. 









All researchers need to identify their methodological framework to determine the right approach to be able to solve a problem or examine whether a topic needs further investigation. 
Ontology: This is the nature of being or reality, how you perceive it, this will inform the ontological position
                                                 
Epistemology: The nature of knowledge, how do we know what there is to be known? A person’s ontological position will inform the way you view knowledge. The nature of knowledge, how do we know what there is to be known? A person’s ontological position will inform the way you view knowledge
      
Methodology: How do we acquire knowledge & make changes, how you understand knowledge will inform the methodology

Methods: Which techniques are best for acquiring knowledge (Grix, 2004)

[bookmark: _Hlk130235316][bookmark: _Hlk130236642]There are several ways in which to investigate a topic however the key to a successful study is using the correct tools to obtain a reliable and valid hypothesis (Costley, Elliott, and Gibbs, 2010). Initially it would be vital to critically evaluate the ideology of a researcher and identify the aim behind the study/project. It would be appropriate to identify why someone has chosen a particular topic, this can have an impact on the results. 
Within this topic of Virtual Reality all researchers/studies used the Ontology of realism/objectivism, however there was 1 exception where mixed methods was implemented to determine the findings from the study. There are many positives in using the Ontology of Realism/Objectivism when completing a study concerning Virtual Reality (VR). One positive to using this approach for this type of study is being able to replicate the study, many of the studies would have been able to replicate by another researcher and obtaining the same results. Moreover, the researcher is very much external to the study which supports the reliability and values of the project. As stated earlier none of the studies examined followed the approach of Subjectivism, using this approach would have allowed the use of qualitative methods. This approach may have unearthed further insights into the studies examined. Using Interviews and focus groups can generate subjects perceptions, experiences or preferences. Furthermore, structured interviews could have been used to produce easily compared answers. Many of the studies used questionnaires to obtain data however there is one advantage in using interviews over questionnaires is that they allow the researcher to explore areas of ambiguity and seek clarification (Costley, Elliott, and Gibbs, 2010). There were several studies (Journal 2 & 4) where subjects did not understand some of the questions raised in the questionnaires which had a negative impact on the results. 
A positivist approach was mainly used throughout all the studies examined due to Ontological approaches; a positivist approach treats reality as objective. Many of the studies followed a scientific approach which enables the researcher to measure what has tested, this is how a positivist researcher investigates their findings using statistic methods. There is an argument that a mixed methods approach can be beneficial to testing if Virtual Reality supports learning in a variety of ways. Using methods such as statistical data, questionnaires, and semi-structured interviews to obtain results can create a research outcome stronger than either method on their own merits. Implementing both domains combined enables the project to explore more complex elements and relations of the human and social World. (Malina, Nørreklit, & Selto, 2011). There are some authors who believe both qualitative and quantitative approaches are incompatible (Lincoln & Guba, 1985). However (Patton, 1990) believes that an experienced and skilled researcher can successfully combine both approaches to fill the gap in limitations of research. 
A positivist approach treats reality as objective, the research is classed as external to the study and they’re very rare instances of value-based issues. (Costley, Elliott, and Gibbs, 2010).
[bookmark: _Hlk130242109]Due to the Ontological and Epistemological stances from the research within this topic field, the majority used quantitative methodology to obtain results and evaluate the findings.  Many of the studies used statistical analysis to configure findings from the studies, quantitative methodology seeks to obtain accurate and reliable measurements that allows the statistical analysis to take place. (Costley, Elliott, and Gibbs, 2010). 
 Both methodologies offer limitations that must be identified when providing information on future work required in any study. In most studies this was the case, as many researchers identified areas of limitation with the project. As stated above 1 but all studies followed the quantitative approach, the quantitative approach is rigorous clarification and relies on the reliability of statistical tests. There are draw backs in using this approach for testing whether Virtual Reality improves the learning process. The results are based on numerical responses which gives little insight into the potential thoughts of subjects and their experiences. Furthermore, if the statistical design is incorrect this will make the results invalid. In contrast some of the studies could have adopted a qualitative approach, journals 1 and 3 had significant smaller subjects which could have used interviews for example to gain some insights into their experiences. Having a smaller group size can lend itself to using interviews and focus groups as they are more manageable compared to journal 7 which has a larger sample size of over 700. 
As the majority of studies included quantitative approach the methods used to analyse the data were of the method of statistical data. This included Quasi-experiment, questionnaires using 1-5 point scale, Chi-square, survey, random group, controlled group & pre/post tests. 5 of the 8 journals used questionnaires to gain some results from the participants. The use of questionnaires provides some thoughts from the participants which can generate good information for the researcher to make assumptions. Many of the researchers stated that the questionnaires were numerical answers and some closed questions, none of research stated that written responses were used within the questionnaires which would provide some qualitative analysis. The questionnaires used were appropriate for the studies examined as it provided statistically analysis and supported other data gathering such as the quasi-experiment or experiments that were used in the studies. However, in journal 2 in its discussion it stated that some participants potentially did not understand some of questions on the questionnaire which may have had an impact on the results. Therefore there is case in the use interviews within smaller sample groups to ensure responses are clarified. Questionnaires must consider the following to prevent confusion, these aspects can be followed to ensure results are reliable. 
Will the questions produce all the data, Are the questions clear and unambiguous, or could they be misinterpreted in any way, is the questionnaire straight forward to complete and can responses be analysed in a straight forward way (Costley, Elliott, and Gibbs, 2010)
 Many of the studies included experiments to determine if Virtual Reality has a positive impact on learning/knowledge retention. The experiments are useful tools when trying to answer the question if VR has a significant impact on the learning process, being able compare two exercises with traditional methods compared to VR. Experiments consist of planned action, results of which are recorded and analysed. The overall sample between all the studies varied from 10-750 participants, sample sizes should not be too small or too big as both have limitations. Some studies examined had less than 50 participants, this may prevent the findings from being extrapolated, whereas too large a sample may amplify the detection of differences.  (Faber, & Martins 2014)
When conducting any study, it is vital to consider ethics when designing the project, several elements must be considered. The participants consent for example, in all the studies no ethical issues were raised. However, it is important to note that the participants must be made aware of all the information that will be gathered. If any personal details are needed and are fundamental towards the study these must be kept confidential, consent forms must be used to allow participants to understand what they will be required to do within the study. Due to the nature of some of the studies conducted for example Journal 2 (Trainee firefighters) this exercise was part of their course so the trainees would have been made aware when applying for the position of a fire fighter they would be put in a potentially dangerous position. Fleming, & Zegwaard,  2018).







Conclusion and future direction:
In conclusion, all studies provided a good source of information concerning the impact virtual reality within training and development, most studies took the stance of Objectivism, Positivism and Quantitative methodology with 1 study taking the stance of mixed methods. The studies examined, researchers favor the Ontological and Epistemological stance in gaining knowledge through statistical analysis with the use of experiments and potentially questionnaires. This approach provides a wealth of evidence that Virtual Reality can have a positive impact on the learning process compared to traditional teaching methods. Using VR in certain sectors works better than potentially in others, for example in journal 3 the findings showed that VR did not have a significant impact on the safety training program. However, compared to Journal 2, the results showed VR had a positive impact on training especially within the spatial awareness element which is vital within that profession. As stated by many studies in their future work and conclusions more studies are required to identify the full impact in using VR compared to traditional methods. There are costs to VR which can be substantial however depending on the significant impact it has on learning could just become a luxury rather than an essential piece of equipment. 
With technology improving, VR will become even more realistic and important tool for many safety critical roles. The purpose of using VR is to recreate an exercise which cannot be safely or easily executed in the classroom exercise. 
Due to significant research undertaken within this assignment a topic questions has been potentially devised: 
An investigation into the impact of Virtual Reality on Safety Critical personnel within the role of a Train Conductor completing risk-based tasks  
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