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Abstract
In the field of information technology, virtual reality and simulation learning have become huge trends, not only in gaming and entertainment, but also in academic fields such as medicine. In the past, medical training has always been costly in providing tools and resources for entry-level medical students to acquire proper training. Medical training conducted in a virtual environment has not only yielded higher success rates, but has also reduced resource costs overall. However, with no standardized guidelines for conducting certain training regimens and learning skills, there are still studies that show some medical training programs do not produce the best results (Scerbo, Bliss, Schmidt, & Thompson, 2006). This research focuses on analyzing the usage of virtual reality in current medical training programs to design a medical, virtual reality, training program. This program will revolve around entry-level medical students who will be attending the University of Cincinnati’s College of Medicine. This research proposal will not only examine previous research on the utilization of virtual reality in various types of medical training, but also discuss the potential benefits of developing this training program at UC.
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Developing Standardized Guidelines for Medical Virtual Reality Training
In the field of medical training, an issue that often occurs is improving novice training in a medical virtual reality system. Medical training for entry-level medical students utilizing a virtual reality system is still in need of improvement in terms of offering the best training. Despite numerous hospitals and clinics already utilizing a virtual reality learning environment for medical trainees, many studies have not shown the best test results when training programs end. Currently there are no standardized training methods or guidelines for training medical students through a virtual reality environment (Scerbo et al., 2017). At the same time, many virtual reality simulation environments (e.g. Patient-Specific Virtual Reality Simulation (PSVR)) are still merely prototypes of what the actual training program should look like (Willaert, Aggarwal, Van Herzeele, Cheshire, & Vermassen, 2012). Through the synthesis of current medical training programs and prototypes, this research proposal hopes to design a similar training program through collaboration with educators and technology developers to set standardized guidelines for all medical trainees training with virtual reality. 
Research Questions
The research questions that this research proposal hopes to answer are:
· How can medical schools develop a virtual reality training system to incorporate the most recent knowledge on specific topics (e.g. surgical procedures, disease recovery, etc.)?
· How can medical schools incorporate traditional medical training in a virtually-simulated environment, given standardized guidelines for medical virtual reality training?
A Review of the Literature
In order to effectively explore the necessary steps that need to be taken to develop a standardized set of guidelines for medical virtual reality training, a subset of the literature on this topic will be analyzed based on the following questions:
· Are there traditional medical skills that are currently being examined to be put in medical virtual reality programs?
· How is virtual reality currently used for medical training?
· Are there already guidelines for medical training, especially those utilizing virtual reality?
Traditional medical skills being examined for medical VR programs.
Many medical skills necessary for trainees and new medical students are still being taught via traditional methods. These methods often require these trainees and students to purchase learning materials as well as pay for the training program. Often times, these methods also require them to go beyond using artificial models to train on real patients. Matzke and fellow authors also explain how laparoscopic surgical skills, or skills involved in performing surgery through small incisions on a location elsewhere in the body, are very necessary for medical trainees and students who intend on completing the Fundamentals of Laparoscopic Surgery (FLS) tasks (Matzke, Ziegler, Martin, Crawford, & Sutton, 2017). Scerbo also explains that phlebotomy, which is the practice of drawing blood from patients and comparing various blood specimens, is a current medical skill that has trainees and students learn via artificial limbs (Scerbo et al., 2006). For both laparoscopy and phlebotomy, the skills involved are fundamental in the medical field, and medical trainees and professionals can both strengthen these skills through a VR training program. Despite these important skills are still currently being evaluated to be included in medical VR training programs, there are already skills that are being taught in medical training programs that use VR.
Current medical training utilizing virtual reality. 
Many medical training programs have already transferred over to a virtual reality environment. Ruthenbeck discusses the current state of virtual reality medical training, stating how simulation-based training for various types of surgery and procedures is on the rise (Ruthenbeck & Reynolds, 2015). In general, surgical training has already been improved through the use of simulation learning. Mariani discussed how training programs for laparoscopy, cardiopulmonary resuscitation, and anesthesia procedures have already become connected with simulation and virtual reality (Mariani & Pêgo-Fernandes, 2011). Selvander took it a step further and established the construct validity for different cataract surgery methods through the use of the Eyesi surgical simulator (Selvander & Åsman, 2013). Matzke also devised a virtual reality training curriculum that includes proficiency goals for medical trainees undergoing the FLS tasks (Matzke et al., 2017). Medical simulations in general have also made some advancements recently. Willaert discusses the Patient-Specific Virtual Reality Simulation (PSVRS) and how it can be applicable to not only the medical field, but also other fields like aviation, military, and sports (Willaert et al., 2012). Whether it is surgery or general medicine, virtual reality has already been used as a technology for training professionals in many fields.
Virtual reality is also being utilized in medical education in general. Ellaway has already discussed how virtual reality, as well as augmented reality, has already been utilized in medical education by creating immersive virtual reality learning environments (Ellaway, 2010). De Faria took Ellaway’s study a step further and designed and implemented a virtually interactive and stereoscopic method of teaching neuroanatomy (de Faria, Teixeira, Sousa, Otoch, & Figueiredo, 2016). Nomura also instructed students to go through an evaluation in an augmented reality simulator instead of a real operation after a six-week training program (Nomura, Mamada, Nakamura, Matsutani, Hagiwara, Fujita, & Uchida 2015). Nomura hopes to use the virtual operation results to develop an effective training program for future medical students to improve their laparoscopic skills (Nomura et al., 2015). However, virtual reality has already also been implemented in other disciplines besides medicine like psychology and pedagogy. Eichenberg emphasizes how virtual reality and “E-Learning”, or learning using technologies outside of a traditional classroom, should encourage scientists and researchers to further their own research on topics like treating mental disorders through the use of virtual reality (Eichenberg, 2012). With so many different forms of medical training already using virtual reality as a form of distributing training programs, guidelines for medical virtual reality training should be established.
Standardized guidelines for medical virtual reality training. 
Currently, there are no standardized guidelines for medical virtual reality training. There may be specific medical tasks and requirements like the Fundamentals of Laparoscopic Surgery (FLS) tasks (Matzke et al., 2017) and Patient-Specific Virtual Reality Simulation (PSVRS) guidelines, but as Scerbo mentioned, there are still no standardized training standards and guidelines for common medical procedures like phlebotomy in virtual reality (Scerbo et al., 2006). Without these standards and guidelines, training can ultimately lead to injuries as well as unreliable or invalid test results (Scerbo et al., 2006). Ruthenbeck mentioned that virtual reality medical simulations can provide standardized experiences, but these simulations provide numerous styles of learning that traditional methods cannot provide (Ruthenbeck & Reynolds 2015). However, the quest for developing standardized guidelines for medical virtual reality training has made some progress. Lövquist and fellow authors, however, mention two aspects of medical virtual reality training that could be the focuses of a standardized guideline: patient safety and proper medical education (Lövquist, Shorten, & Aboulafia 2012). In the end, it seems necessary for medical educators to work closely with clinicians and virtual reality developers to properly set standardized guidelines for future medical virtual reality training.
Research Method Design
The main purpose of this research is to see how medical schools can develop a VR training system incorporating the most recent medical knowledge while determining a set of standardized guidelines for medical virtual reality training. Therefore, it would logical to have the participants of this study to be entry-level medical students. There will be no specific restrictions on the population from which these students will be chosen, but entry-level medical students from the University of Cincinnati’s College of Medicine would be fairly local and ideal. Since the medical student participants will be selected from UC, the total number of participants for this study will be determined by the number of entry-level medical students who will be entering UC’s College of Medicine. At the same time, since the selection of these students will not be random, other factors like age and gender will not be exclusively considered or relevant to the research. However, since this study will be inviting these students to participate in this medical virtual reality training program, extra course credit will be offered to these students upon completion of the program. The representativeness of UC’s participating medical students will be determined by the curriculum. If the curriculum for these students is shared by most colleges of medicine across the United States, these students will most likely be representative of other entry-level medical students. 
[bookmark: _Hlk498858476]The procedure involved in this study will include having UC’s participating medical students undergo medical training that covers a wide array of medical topics in a virtual environment. The training program will include different surgical and medicinal skills that are necessary for every entry-level medical student to have. These skills will be determined through collaboration with a range of people including UC College of Medicine professors, doctors from the UC Medical Center and Cincinnati Children’s Hospital, and other medical professionals within Cincinnati. The training program will last two semesters while working closely with UC’s Center for Simulations and Virtual Environments Research to interact with the most recent virtual reality technologies. Each student’s station will be in separate rooms and will include a headset, a pair of controllers, virtual reality sensors, and a computer to run the training program software. The software will be designed and developed to not only include virtual surgical and medical environments, but also virtual tools in real life available for these environments. Modules will be created within the software to teach the students the predetermined set of skills and topics, with a test given at the end of each module.
On the last week of each semester, the students will perform an examination that includes all skills that have been taught, with the second examination being cumulative. Upon completion of the program, students will be given a survey that will include questions asking how they believe the program did on preparing them for the examination, whether the program was taught at a reasonable pace, and more. Program leaders will also be given a survey upon program completion and compiling of the examination results to obtain feedback on the design of the program and its implementation. Test results from the students and survey results from both parties will be examined to determine what the initial set of standardized guidelines will be for all future incoming entry-level medical students who will be trained within a medical virtual reality environment. At the same time, these results will also analyze what aspects of the program could be improved in the future.

Discussion
Potential Contribution. 
One of the biggest potential contributions that this research will offer is the introduction of an immersive and interactive training environment for medical students. Another contribution, which directly stems from the previous one, is a different approach for students to learn traditional medical knowledge and skills. At the same time, this training program will also allow students to practice in an environment where mistakes during practice are less costly than those made during a real operation. In addition, when it comes to surgical training, resetting a simulation to a previous state would be much easier than acquiring a new artificial model or cadaver. With these contributions, this training program will not only accelerate UC’s medical students’ learning process, but also provide them with all of the necessary skills designated by the standardized guidelines set for the program.
Limitations of the Study. 
Since this medical training program works closely with virtual reality, one limitation of this research is the cost of the initial setup of the virtual reality environment. Ideally, each student participating in the study will be able to interact within their own station, but the potential cost of setting up all the virtual reality stations could be very expensive. In addition, with how rapidly technology, especially virtual reality, is improving and changing, the cost to maintain or upgrade virtual reality technology within this program could also be extremely costly. More importantly, the graphical capabilities of virtual reality are still less than ideal, meaning the simulations within the program may not fully reflect real life objects. The space available for the training sites might also pose as an issue since there might not be enough rooms open to setup virtual reality equipment for all students participating in the program.
Conclusion and Directions for Future Research
[bookmark: _GoBack]To incorporate most recent medical knowledge and develop standardized guidelines for a medical training program that is entirely based in virtual reality, it is necessary to examine previous training programs that utilized virtual reality. While analyzing the usage of virtual reality within various medical training programs, this study has only produced the base framework of a similar training program for the University of Cincinnati. Given the limitations of the study, the development of a more robust version of this training program will include extensive discussion and cost analysis with the University of Cincinnati’s Center for Simulations and Virtual Environments Research. Survey feedback from the students and program leaders after the first run-through of the program will allow for further improvement to future iterations of the program. As the medical virtual reality training program improves upon each completion, hopefully it will also become a more integral part of the University of Cincinnati’s College of Medicine. 
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