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Background: One area of biomedical research concerns is applying new treatments to cure human diseases, moving bench-side research to the bedside practice. While using animal models is crucial in the research process, researchers should strictly adhere to the moral 4R framework to protect animal welfare—replacement, reduction, refinement, and responsibility. Virtual reality (VR) applies computer technology to create a simulated environment, allowing players to immerse and interact with animated 3D contexts. We developed a virtual animal-holding simulator (ViSi) using immersive virtual reality technology for students studying in the undergraduate biomedical sciences programme. The specific objectives of the paper are to 1) describe the development of the VR courseware for animal training and 2) describe the learning experience among students.
Method and Result: An evaluation of the courseware was conducted among Year one and two biomedical sciences students. Students who participated in ViSi responded positively about their involvement in the virtual environment experience and their concentration on the assigned task.
Discussion: ViSi is a reliable simulation technology that can train animal handling skills, which replaces real animals, while learners’ multi-cognition could still be enhanced with simulation training. Thus, the impact of immersive VR technology integrated into skills training is promising, although few technical problems are to be resolved.
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INTRODUCTION
Biomedical research has been developed over the past three decades. One of the essential purposes is to investigate the treatment of human diseases for the sake of patient wellness (Caron-Flinterman et al., 2005), especially in the fields of regenerative medicine (Mason and Manzotti, 2010) and vaccine development (Koff and Schenkelberg, 2020). During undergraduate biomedical science training, students receive integrated and multidisciplinary training ranging from research activities (Clark, 1997) to professionalism and inter-professional collaboration (McNair, 2005; Baingana et al., 2010).
Animal models are commonly used in biomedical research to investigate the mechanism of disease development and explore the therapeutic advancement of effective treatments. Even though the translation of animal experiments from bench to bedside for clinical trials is less than 8% (Mak et al., 2014; Polejaeva et al., 2016), animal studies are a core element of studying the physiological responses. While the 3R principle has long been applied in contemporary scientific practice (Russell et al., 1959), the 4R rules—replacement, reduction, refinement, and responsibility—have been adopted recently to improve the quality of care for experimental animals (Arora et al., 2011). The new 4R framework advocates reduction—to reduce the usage of animals in the laboratory; replacement—to apply an alternative technique to minimise animal suffering; refinement—to fine-tune experimental procedures, and responsibility—to ensure on-going training responding to scientific significance and accuracy for the use of laboratory livestock in academic research.
Immersive virtual reality (VR) technology is a psychological perception that is generated and stimulated by a computer-generated interface to make the user feel “being there” inside an isolated three-dimensional (3D) environment (Biocca and Delaney, 1995; Seth et al., 2011). It develops a perceptual learning style to stimulate, organise, interpret, and memorise to-be-learned information (Kratzig and Arbuthnott, 2006). The concept of simulation supports the integration of professional skill training with theories through the application. In the past decade, VR has been applied to work-based professional training sites to enable trainees to obtain experience-dependent enhancements, such as clinical skills in nursing practice (Kilmon et al., 2010), surgical procedures (Tergas et al., 2013), aviation (De Repentigny et al., 2003), and police and military training (Shendarkar et al., 2008). When commercial VRR hardware becomes affordable (Earnshaw, 2014), it enables rapid adoption and dissemination in academics (Zyda, 2005:; Riva et al., 2007).
The specific objectives of the paper are to 1) describe the development of the VR courseware for animal training and 2) describe the learning experience among students.
MATERIALS AND METHODS
ViSi Simulation
VR can be broadly applied to modern pedagogical exercises supporting active learning processes and cognitive knowledge acquisition (Seaborn and Fels, 2015; Ngan et al., 2017). This is a novel study incorporating VR simulation to teach research technique in an undergraduate biomedical sciences program to the best of our knowledge. Our earlier work described the courseware development’s conceptual theory and instructional design (Tang et al., 2020). In brief, the courseware, named virtual animal holding gamified simulator (ViSi), is designed in the context of an animal holding facility, simulating the setting of the technical training of intraperitoneal injection to laboratory mice. It consists of two game levels or learning environments. The first learning environment related to the preparation room in the animal holding facility requires the learner to put on essential personal protective equipment. The second learning environment related to the experimental room for handling animals and performing experimental procedures.
ViSi is a learner-centred game design in which the digital output of the learner’s interaction with the VR environment is displayed on the monitor that allows parallel teaching—the student working with the VR environment while others observe the process—could take place (Figure 1). The courseware offers two benefits: firstly, it allows students to comment on the right actions or the wrongdoings committed by their classmates; secondly, it enhances students’ contextual understanding of using experimental animals in the “virtual facility”. (Figures 2, 3).
[image: Figure 1]FIGURE 1 | The student player wore the VR gear and played the ViSi. The classmates sat aside engaged in the learning process by discussing the accurate or wrongdoing behaviours performed by the player.
[image: Figure 2]FIGURE 2 | The student player used the pair of the controllers for training the procedures of intraperitoneal injection to the mouse. The student player (A) concentrated on the game; (B) located the animal cage on the bench; (C) drew the drug from the bottle, and (D) held the mouse and performed intraperitoneal injection.
[image: Figure 3]FIGURE 3 | ViSi Game-Mice Injection. The student player was instructed to perform the intraperitoneal injection in the ViSi. (A–C): After opening the cages, the player took the syringe, removed the bottom cap and aspired to the appropriate volume of drug in the syringe. (D–F): The player grasped a mouse from the cage, restrained it in a proper position and prepared for the injection process. (G–I): The player completed the task, put the used syringe into the sharps disposal yellow container and covered the cage.
Sampling and Recruitment
The study was approved by the Survey and Behavioral Research Ethics Committee of the Chinese University of Hong Kong.
The ViSi simulation was adopted in a skill-based training course, “Technique in Biomedical Research”, in the 2020–21 academic year. Year one and two students majoring in BSc in Biomedical Sciences enrolled in the course were invited to use the ViSi simulation. The entire class of 50 students attended a 90-min regular practical class using ViSi or observing at the side. Owing to the requirement for social distancing during the covid-19 pandemic, we grouped the students into two 90-min practical sessions. With the time constraint in each practice session, not all students could experience ViSi in this study. A possible solution is to decrease the simulation period to 5 min to prevent uncomfortable disorientation from completing each session in either the preparation or experimental room, thereby allowing more students to experience ViSi.
Students were invited to play the courseware and complete a self-administrated e-survey scoping the experiential learning experience on a voluntary basis. Participants were informed that their participation was entirely voluntary and would not affect their course assessment.
Study Measures and Analysis
Firstly, student performance in the final examination was assessed. One question was designed to examine technical and procedural knowledge in animal handling, which was used to evaluate the impact of courseware on cognitive learning. Secondly, experiential perception of ViSi was measured by two subscales adapted from a validated measure from Witmer and Singer (1998) 1) The presence subscale consisting of six items measures the capability of an individual to felt immersed in the simulation; and 2) the sensory subscale consisting of seven items measures how multisensory reception influences learning. Students were asked to rate their experience on each items using a 7-point Likert scale ranging from “Not at All” to “Completely.” At the end of the survey, Students’ perceptions of the learning outcomes from the ViSi were also surveyed using institutional standardised post-course evaluation. The internal consistency coefficient (Cronbach’s alpha) of the scale was 0.908. Descriptive results were reported in this paper. A one-sample t-test was conducted to measure central tendency.
RESULTS
Among 50 students, 26 had simulation experience (student player). At the same time, the other 24 classmates joined as audiences to discuss and point out the wrongdoings and appropriate actions of the participants in the ViSi simulation (student observer).
Student Performance in the Examination
Figure 4 shows the distribution of the examination score between the student player and observer. The overall mean and standard deviation of the student player and observer score are 7.46, 1.87, 6.20, and 2.53, respectively. There were more than 20 students who scored over seven among student players and seven among student observers. Student players scored higher than the observer group, although no statistically significant difference was observed due to the small sample size.
[image: Figure 4]FIGURE 4 | The examination question performance between student player and observer group.
Experiential Perception of ViSi
Table 1 shows students’ positive feedback on using ViSi. The mean score of the items ranged from 4.83 to 5.96. The figures indicate a significant difference between the item mean scores with a test mean value of 4. Thus, the perceptual learning experience with ViSi is positive, reflected in the mean value of over 4.83. In the presence subscale, the majority student player strongly agreed that they felt actively got involved (mean = 5.92) and moved around in the VR environment (mean = 5.67), although the feeling was not too natural. In the sensory subscale, the majority student player concentrated on the assigned tasks (mean = 5.96) and examined the objects from multiple viewpoints (mean = 5.63). Student players largely agreed that they gained hands-on experience from the ViSi.
TABLE 1 | Experiential perception of ViSi among biomedical sciences students.
[image: Table 1]DISCUSSION
This study aimed to set up an innovative virtual reality environment to promote the safe learning of animal handling skills using VR technology. The past teaching strategies in the teaching animal handling techniques depend on physical practice. However, in the contemporary time advocating for animals’ welfare, educators need to consider any alternative way to fulfil the ethical guidelines and duties (3). Specifically, our ViSi was designed to apply the 4R principles, introducing the moral concepts of animal handling to undergraduate biomedical sciences training. Our results supported the idea that problem-solving tasks incorporated in ViSi enhance examination and experiential learning among students. Although there was no significant difference could be tested due to the small sample size, students engaged in learning using the simulation.
Earlier research show that the implementation of VR simulation is feasible for facilitating technique learning in biomedical research and assessing competencies, including knowledge, attitudes, principles, and skills in health professional education (Konge et al., 2014; Khan et al., 2015; Khan al., 2017). Similarly, ViSi simulation allows students to learn by application, which produces a higher level of engagement using virtual animals. The current literatures show that animal research awareness among students is scarce. A survey studied Indian medical undergraduate “students” views on using animals in basic medical research. About one-tenth were aware of ethical guidelines regarding animal research and believed that animal research required stringent regulations (Nerlekar et al., 2018). Some Brazilian students were uncomfortable using animals during practical classes and refused to stay in the classroom (Rochelle et al., 2016). These responses show the requirement for more educational efforts in addressing ethical reflections that can arise through conflicting situations and low moral awareness.
An advantage of using VR simulation in perceptual learning is that students are allowed exposure to a fun atmosphere, which helps to increase learning concentration and retention time for memorisation and prolonged sensory constellations over hands-on work (Goswami, 2008). Consistent with another study (De Jong and Van Joolingen, 1998), our students reported that they engaged in experiential learning, incorporated with game elements that require problem-solving tasks. Specifically, students benefitted by implementing the theoretical knowledge in a simulated setting. However, these advantages are not provided in the traditional classroom teaching medium, mainly delivered by PowerPoint presentations and textbooks (Yahaya and Ahmad, 2017). The majority of participants agreed that they could concentrate on the assigned tasks rather than on the procedural mechanisms to perform those tasks or activities during the simulation. From the observation in the practical sessions, both sides of the students are excited, engaged and enjoyed the digital simulation.
Current students were adaptive to information technology. Most students in our study reported high satisfaction in the sensory reception and seamlessly integrated into the virtual reality, suggesting that the courseware provides them with an immersive and interactive experience. In the ViSi, we adopted Unreal Engine 4 (UE4) to create the VR scene, which provides an actual render process, creating a “lifelike” and immersive experience when the student is inside the task environment. The incorporation of the fun search atmosphere into knowledge development can also enhance students’ learning motivation. Furthermore, it provides a new era of strategic pedagogy for other broad-based techniques in research activities that encourage more students to participate in biotechnology industries with interest. Additionally, it improves the quality of teaching, promotes active learning among students, uses different skill training methods during practical sessions, and promotes after-class discussions between students and teachers, rather than a one-way effort. Although they cannot sense the touching animals, an intrinsic limitation of controllers, it is not surprising that students felt naturally immersed in the simulation due to the leverage of gamified setting simulation.
CONCLUSION
ViSi represents an excellent example of how VR guides and enhances learners’ cognition of the virtual environment. More importantly, it arouses the learner’s critical thinking, stimulates problem-based learning, and shares the learning experience with peers. The impact of VR technology integrated into skills training is promising, although few technical problems are required to be resolved. For example, the learner may feel dizziness or cybersickness after using the head-mounted device, and game engine software has insufficient detection of the learner’s posture. VR is in-house developed courseware, which incorporates conventional didactic pedagogy and is novel from both teachers’ and students’ perspectives. It is a reliable training material that can help students understand animal handling skills and replace the usage of real animals and enhance learners’ multi-cognition with the use of simulation. Students appreciated the early exposure to animal handling, especially for drug administration, and found it an opportunity to acquire the humanistic side of science in animal ethics. In future, VR technology can be a supportive teaching pedagogy for perceptual learning in technical practice.
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Control factors 1. How natural did your interactions with the environment seem? 483 263 0014
2. To what extent did the visual aspects of the environment involve you? 5.67 7.78 0.000*
3. How natural was the mechanism that controlled movement through the environment? 513 437 0000
4. How compeling was your sense of objects moving through space? 513 494  0.000"
5. How completely were you able to actively survey or search the environment using vision? 592 1211  0000"
6. How compeling was your sense of moving around inside the virtual environment? 542 655  0.000"
Sensory factors 7. How closely were you able to examine objects? 521 473 0.000*
8. How well could you examine objects from multiple viewpoints? 563  7.54 0000
9. How were you involved in the virtual environment experience? 575 956  0.000*
10. How proficient in moving and interacting with the virtual environment did you feel at the end of the experience? 520 499  0.000"

1. How well could you concentrate on the assigned tasks or required activiies rather than on the mechanisms used to 596 9.60  0.000""
perform those tasks or activities?

12. Overall, were you able to anticipate what would happen next in response to the actions that you performed? 546 7.31  0.000"
13. Overal, were you able to gain hands-on experience from the VR game? 542 631  0.000"

Notes: p < 0.05%, p < 0.01™, Test value = 4, Mear

Likert score mean.
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