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    This book focuses on the innovations brought to the healthcare sector by virtual reality, artificial intelligence, and specialized logistics. The book chapters discuss how emerging technologies can advance healthcare research, improve the management of patient records, facilitate human remains logistics, development of innovative applications for vulnerable population groups, and improve health monitoring of different patient groups. Furthermore, several book chapters discuss how new-generation technologies can be used to overcome some of the major challenges caused by the COVID-19 pandemic (e.g., the design of resilient supply chains in the wake of frequent pandemics, anti-pandemic measures to prevent the virus spread across the communities, how to provide a safer environment in the senior citizen homes under the pandemic conditions, micro-business simulation models for healthcare products). We expect that this book will provide a fresh outlook on the latest technologies in the healthcare sector and how they can be effectively used in different settings. Findings, examples, and recommendations presented in the chapters will be helpful to the community and a wide range of stakeholders in the healthcare sector.
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    The design of this book aims to enrich policymakers, researchers, students, and industrial practitioners’ knowledge and skills of advanced technologies (e.g., virtual reality, artificial intelligence, and macro business simulation) and specialized logistics (e.g., human remains logistics and vaccine logistics) in the healthcare industry. As such, we illustrated various real-life examples to demonstrate across different chapters. In general, this book is divided into nine main book chapters. Chapters 1 and 2 mainly address the state-of-the-art in healthcare research. As such, artificial intelligence, computer information systems, the Internet of Things, and 3D printing are further investigated in the healthcare research in Chapter 1. Digital health with smart Internet of Things technologies is further explored in Chapter 2. The specialized logistics are provided in Chapters 3 and 4. The human remains logistics are comprehensively discussed in Chapter 3 while the vaccine supply chain is thoroughly explained in Chapter 4. Both the aforementioned chapters have been covered in the context of COVID-19. Since the COVID-19 pandemic has created a new page in human history, we illustrate real cases and memorable photos to show how the local community implements various anti-epidemic measures in Chapter 5. Chapters 6, 7, and 8 are relevant to the trending issues of the elderly. Chapter 6 mainly focuses on homes for the aged during the COVID-19 pandemic. Chapter 7 mainly concentrates on the use of advanced mobile apps for the elderly in the 21st century. Chapter 8 mainly provides a narrative review of mobile technology from the older adults’ perspectives. Chapter 9 addressed the adoption of macro business simulation on healthcare products via the use of hand sanitizers as illustrative examples.
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      Abstract




      In the digital era, many technologies such as artificial intelligence (AI), computer information systems, Internet of Things (IoT), Industry 4.0, immersive technologies, 3D printing, etc. are being adopted to facilitate operations, provide better management, and enhance workflow and working efficiency. As such, digital health technology and management are the key topics that are attracting wide attention, since it is important both in enhancing efficiency and safety. In fact, most of the healthcare and medical care tasks cannot be replaced entirely by computers. The training of healthcare workers and medical practitioners still remains important. Immersive technologies including virtual Reality (VR), augmented reality (AR), and mixed reality (MR) are widely adopted in numerous industrial and training applications. VR provides a fully immersive experience for the trainees, while AR and MR provide interactive stimulation while maintaining attention in the physical world. Despite the types of immersive technologies used for training, healthcare training, and medical simulation are key components of digital health technology. Nevertheless, in many cases, a trainee’s acceptance and behavioural training in participating in immersive training are still uncertain. Understanding their acceptance and behaviour is important not only in developing effective simulated training but also in enhancing their autonomy and motivation in participation. To this end, we also introduce some of the research models that are commonly used to support health and medical training and simulation.
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      1. INTRODUCTION




      Healthcare and medical care are the most important and essential services for any developing society worldwide. They are not only critical for promoting, maintaining, and managing the health of society, as well as preventing disease, but the item also plays a major role in reducing unnecessary disability and death. In recent years, due to the rapid increases in the size of the elderly population and the aging problem globally, the shortage of healthcare workers continues to be serious in many countries. A direct way to tackle such issues is to increase the number of healthcare workers. However, recruiting and training in healthcare




      are always difficult issues due to the lack of healthcare trainers. Cultivating and training healthcare workers are very important in order to ensure the quality of healthcare services and to ensure the safety of patients so that they can recover as quickly as possible.




      In the digital era, much of the workload can be replaced and reduced with the latest technologies such as artificial intelligence (AI) [1], computer information systems [2], Internet of Things (IoT), Industry 4.0 [3], immersive technologies, 3D printing [4], etc. Notwithstanding that the technologies can facilitate healthcare operations, improve management, and enhance workflow and efficiency, most of these tasks cannot be replaced entirely by computers, particularly in the training of healthcare workers. Immersive technologies including virtual Reality (VR) [5, 6], augmented reality (AR), and mixed reality (MR) [7] are widely adopted in numerous industrial applications [8]. They have been recently widely adopted in medical and healthcare aspects due to the features of the simulated scenarios and situations that may not be created in traditional real-life training. For instance, VR can be used to mimic sudden changes in virtual environments, external stimulations, display digital cadavers, etc.




      In this book chapter, we illustrate the latest developments in how immersive technologies can be applied in practical healthcare applications in aspects of medical and health training. On the other hand, regardless of the virtual technologies that have been proven to be effective in many types of research, the practices in healthcare research are not widely documented. Indeed, research that investigates the effectiveness of medical and healthcare training is essential in the design of training programme, as well as in determining the immersive content that can provide better training effectiveness. Here, we first provide an example of how immersive and simulation technologies can be potentially applied in healthcare training. Then, some research background is given to provide insight to readers on how healthcare research can be conducted accordingly. This provides useful insight to the readers that can be further extended to healthcare, medical care, or other related applications.




      This chapter is organized as follows. A brief introduction to the importance and the latest technologies in medicine and health is given in section 1. Then, the current applications of immersive technologies in virtual training are given in section 2. Section 3 elaborates on the keys to conducting healthcare research and the theoretical model that is commonly used in technology-based user acceptance research.


    




    

      



      2. APPLICATIONS FOR IMMERSIVE TECHNOLOGIES




      In the last two decades, VR has been increasingly used for entertainment, education, healthcare, manufacturing, design, aviation simulation, etc. VR has proven successful in healthcare and medical simulation due to the difficulty and cost of creating physical and real models for conventional training. VR offers a lot of advantages in terms of cost efficiency and outcome effectiveness in many aspects. Particularly, VR enables the creation of digital content and mimics random simulation to provide more effective and immersive training to participants. Thus, VR training in health and medical care is mainly derived from virtual training and simulation-based training which are elaborated in the following.




      

        2.1. Virtual Training




        Foronda et al. [9] noted that advanced virtual simulation technologies can be utilized in surgical nurse training. For instance, CliniSpace gives a three-dimensional computer simulation of a healthcare setting. The “world” is a clinical environment, such as an intensive care unit, an office, a clinic, or a patient's home. It is a web-based, multiuser system, so several students can log in from any location using their own laptops. Students choose a character, or “avatar,” such as a nurse. The use of a headset with a microphone allows them to be heard by others in the clinical setting and engage in real-time conversation while working with a patient and accompanying equipment. Verbal interaction between distantly logged-in people creates a sensation of immersion and physical presence. Digital Clinical Experience (DCE), developed by Shadow Health as a consequence of academic research conducted by nursing, medical, and allied health schools, is another example. The DCE is a collection of Web-based, asynchronous virtual patient simulations for the development and evaluation of clinical reasoning abilities in nursing. Autonomous, three-dimensional, virtual patients with realistic speech and motion inhabit the DCE's virtual environments, each being able to identify and reply to more than one hundred thousand inquiries. This technology enables students to generate their own patient interview questions, find opportunities for empathy and patient education, and arrange their virtual patient's physical examination. The DCE is extremely useful for teaching physical assessment, communication, clinical reasoning, and nursing processes. Another is vSim, which is primarily intended for nursing instruction. vSim for nursing was created in partnership with Laerdal, Wolters Kluwer Health, and the National League for Nursing. This Internet-based, single-user software allows students to practice cognitive nursing skills in a virtual environment. Learners will be capable of assessing a patient, reviewing instructions, administering drugs, and performing nursing interventions. When the patient responds to therapies, students are able to evaluate and learn from their mistakes. This virtual simulation enables individuals to learn in their own time and in the comfort of their own homes, as well as to rectify and repeat the simulation until mastery is achieved.




        In the fields of medicine and nursing, the virtual operating room is regarded as an effective instrument for training technical and non-technical issues. Bracq et al. [10] conducted a study using a simulation scenario to test error recognition in a virtual operating room, intending to improve situational awareness, determine whether the VR operating room can improve the nontechnical aspects of the nurses, and assess overall perceptions of the virtual operating room. Eighteen scrub-nursing students and eight experienced scrub nurses were placed in a simulated operating room and instructed to report any deficiencies they encountered. It was determined that those who recognized more errors had a higher level of situation awareness, identified high-risk errors more quickly, and were more engrossed in the virtual operating room than those who discovered fewer problems. The outcomes also revealed a decrease in burden and an increase in nurse satisfaction, as they investigated the operating area more than specialists did and discovered more errors, particularly those that were somewhat hazardous, and virtual simulation proved acceptable and inspiring to students. Georgieva et al. [11] investigated the practical implementation of a 360° virtual environment for a clinical laboratory, a central laboratory for sterilizing, and a virtual operating room to study the benefits of VR in nursing education. It was determined that the primary benefits of the 360-degree shooting technology are that it allows students to learn about the hospital environment in general and allows for the speedier completion of practical exercises that require multiple repetitions and instructor explanations. In addition, the use of virtual reality in medical training has a great deal of potential for nurses who are learning a variety of procedures and manipulations that must be performed correctly, safely, and promptly. Students can use VR technologies to perform these operations in a simulation that creates scenes from the real world (Fig. 1).




        In today's hospitals, a patient is treated by a team of specialists employing complicated collaborative processes and techniques, rather than by a single practitioner, which is a cause of concern. This indicates that a student must practice not only patient-and-nurse communication but also complex exchanges between experts, such as while preparing a patient for surgery. To address these issues, a comprehensive and adaptable alternative that facilitates practice and exploratory learning experiences is required. However, Kleven et al. [12] provided an exploratory study regarding the use of a virtual university hospital comprising both medical and non-medical participants as a place for learning, doing research, and fostering innovation. The room was designed to resemble of one of the most contemporary university hospitals, St. Olav's University Hospital in Trondheim, Norway. The study also investigated the use of the Oculus Rift, a head-mounted display that facilitates immersion in the virtual operating room. The majority of poll respondents who tested the Oculus Rift felt it to be a more engaging and fun method of learning, with a higher sense of presence and immersion. In addition, the researchers concluded that a virtual university hospital (VUH) should ideally serve as a hub for both medical and non-medical education and that a VUH should initially support educational activities for medical professionals and students, such as procedure training, visualizing treatments, and examinations, and anatomy lectures.
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Fig. (1))


        vSim for nursing.

      




      

        2.2. Simulation-based Training




        Simulation refers to an artificial model of a real-world process utilized to achieve certain learning outcomes through experiential learning. Simulation-based medical education refers to any educational activity that utilizes simulation aids to simulate clinical circumstances [13] (Fig. 2). Wittmann-Price et al. [14] created a project that recognizes and promotes veteran nurses to seek a bachelor's degree in nursing by acknowledging their unique skills, knowledge, and attitudes. Nine concepts or competencies were verified for course credit by nursing professors. The principles were then evaluated by simulating their application. Simulation in a hybrid format (using manikins and standardized patients) was chosen as the evaluation mechanism in a controlled context because of its capacity to operationalize the constructivist theory of learning in an experiential learning scenario. Karataş and Tüzer [15] studied the impact of simulation-based training on the confidence and contentment of nursing students caring for isolated patients. After completing a pretest, the student’s initial performance was evaluated using a low-fidelity simulator. Following this, there was theoretical teaching. In an appropriate circumstance, each student in the study group interacted with a standardized patient who was under contact isolation. Then, debriefing sessions with groups of five students were held. After completing the application, the students were given a post-test to evaluate their satisfaction and self-esteem. It was determined that this permitted the provision of training and care while protecting patient safety and honoring their rights. In contrast to clinical practice, where such a technique would be unethical, the strategy enables students to learn from their mistakes by permitting them to experience the natural consequences. Following the training, the scores of the nurses' critical thinking, self-confidence, and skills all increased dramatically. In addition, simulation training has been demonstrated to increase self-confidence and self-esteem. In terms of the nurses' perspective, Awad et al. [16] attempted to elucidate the perceived usefulness of simulation technology in nursing education. It was determined that the majority of students have positive attitudes toward using simulation technology in nursing education and training. Interestingly, female students had more positive attitudes about simulation technology than male students, which could be because female students are more likely to be interested in technology. Simulators also enhance one's sense of self-worth.
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Fig. (2))


        Simulation-based training.

      




      

        2.3. Surgical Simulation




        Virtual reality (VR) could serve as a suitable substitute for cadaveric temporal bone surgical dissection courses, which are an integral part of otolaryngology residents' training. Mickiewicz et al. [17] examined the virtual reality temporal bone surgery simulator during a simulation of antro mastoidectomy. The VR system was based on the Geomagic Touch Haptic Device from 3D Systems. The study was designed as a prospective trial with three VR simulation training sessions in which 11 otorhinolaryngology trainees and four ENT physicians with no prior surgery expertise performed virtual dissections on a VR temporal bone model. The effectiveness of the VR system was demonstrated by an increase in performance quality and a decrease in errors, as well as the indication that VR training should be incorporated into medical training programs because it provides a structured, safe, and motivating environment to learn complex anatomy and practical skills. Endotracheal Intubation, a life-saving treatment that requires putting a tube into the trachea (windpipe) through the mouth to preserve an open airway and permit artificial respiration, has also profited from technological advancements. It is a difficult psychomotor skill that requires substantial training and knowledge to avoid difficulties. As a just-in-time training platform, Rajeswaran et al. [18] designed AirwayVR, a virtual reality (VR)-based simulation trainer for beginners to study and practice endotracheal intubation and for professionals to mentally prepare for a hard case before surgery. AirwayVR was developed in UnityTM and runs on the virtual reality device HTC ViveTM with two-hand controls. The hand controllers are used to interact with the virtual reality learning environment and make use of the many available resources.




        To maximize and expedite the productivity of new employees in the medical device manufacturing industry, skill training is essential. Ho et al. [19] introduced and evaluated a self-adaptive and autonomous virtual reality training system for the assembly of hybrid medical devices. This system incorporates AI, virtual reality, and gaming principles, and enables training to occur in a virtual work cell without the need for a physical trainer. As a sort of hybrid medical device, a Carbon nanotubes-polydimethylsiloxane (CNT-PDMS) based artificial trachea prosthesis is used as a case study to demonstrate the usefulness of the system. The findings of the evaluation demonstrated that the suggested system may effectively impart skills and information to users, boost the participants' sense of accomplishment, shorten the time required to learn new things and train and eliminate any costs associated with hiring a physical trainer.


      




      

        2.4. Health Professions Education




        In the realm of health professions, education, and skill training are essential for maximizing the productivity and professionalism of healthcare staff. However, as a result of these needs, various underlying issues occur, including contamination and safety problems, a lengthy training period, high skill and experience requirements for operators, and greater training costs [19]. Consequently, immersive learning, such as virtual reality, augmented reality, and 360-degree video, is widely recognized as a useful tool for the development of physical skills in the training of health professionals (Fig. 3). Patel et al. [20] conducted a study to determine which training approach, i.e., lecture, a virtual world operating theatre, or a simulated operating suite (SOS), would be more beneficial for novices in training for their first visit to the operating room for the introductory session based on knowledge from a theatre induction curriculum developed to guide the education. The study revealed considerable improvements in the virtual world operating room and simulated operating suite groups. With just a few hours of instruction, beginners' knowledge, abilities, and attitudes toward the operating room can all be enhanced. If such a curriculum were implemented as a supplement to the World Health Organization's undergraduate curriculum on patient safety, it might potentially improve the quality of care from the outset. Immersive and realistic training environments, such as the SOS, provide novices with the most useful experience conceivable. Abelson et al. [21] proposed a novel virtual reality team training system to determine if it was possible to create a virtual reality operating room to simulate a surgical emergency scenario and to test the simulator for construct facial validity by modifying ICE STORM, a virtual reality system capable of simulating a variety of health-care professionals and settings. Using ICE STORM to simulate a common surgical crisis scenario, participants were required to remedy four factors responsible for the loss of laparoscopic visibility. The results demonstrated that the participants found the training environment to be realistic and the simulation to be stimulating. All participants felt that the simulation's workload was manageable. It was determined that the building of a virtual reality operating room for surgical team training is feasible and can provide a realistic setting for team training.




        In addition to surgical emergencies, VR applications also include paramedic emergencies. In their research, Schild et al. [22] exhibited a multi-user virtual reality (VR) system that aims to give novel paramedic training tools that supplement conventional learning methods. The hardware configuration consists of a two-user, full-scale VR environment with head-mounted displays for two interactive trainees and an additional desktop computer for a trainer participant. The software generates a networked multi-user environment that presents a paramedic emergency simulation with a focus on anaphylactic shock, a representative scenario for urgent medical cases that occur too seldom during a standard vocational training term. The prototype enables several individuals to participate in paramedic training as trainees or instructors in a co-located or remote virtual environment and demonstrates how Virtual Reality may be utilized to increase hardware quality in vocational training.
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Fig. (3))


        Virtual reality medical training.



        The COVID-19 outbreak wreaked havoc on in-hospital medical education, leading to the prohibition of medical students in their first year from accessing hospitals. Virtual reality that simulates the clinical setting can alleviate this challenge, and it can be especially useful to enhance traditional hospital-based medical education during the pandemic. De Ponti et al. [23] evaluated how a cohort of medical students felt about fully virtual learning, which included simulations of clinical settings during the pandemic. It was determined that the change in the teaching modality prevented the interruption of medical training, and the majority of students who participated in the study felt that this teaching approach was of excellent quality. In addition, the majority of students who attended the session reported that the teaching style was effective and met their expectations. In addition to typical training at the patient's bedside, the findings indicated introducing online access to these materials for future maintenance. Frost et al. [24] conducted a second study to investigate the mixed reality (MR) learning experience of Bachelor of Nursing sophomores. The research focused on a specific sort of MR that projects a holographic picture into a real classroom using a head-mounted display (HMD). The assessment results confirmed the efficacy of this developing technology, demonstrating that MR can aid in the development of clinical judgment in student nurses. Additionally, when used in pairs, it has the potential to enhance students' ability to build professional discussion while describing a patient's state to another health professional, as well as their ability to recognize physical signs. Students are able to view patient symptoms and have unlimited exposure to events without patient risk or suffering, which is a significant advantage of this sort of virtual learning experience.




        Based on the existing literature, it is apparent that the use of digital technologies, such as virtual reality (VR) and simulation, for health professions training is becoming increasingly popular, with some studies evaluating the attitudes of students or health professionals toward advanced training methods. Even though the application of digital health technologies has been extensively investigated in recent years, the vast majority of studies have not addressed the evaluation of participant's perceptions by observing their autonomous behavior while completing the VR training program. In addition, there have been numerous inadequate healthcare studies on research models to measure the efficiency of digital technology-based training. Consequently, there is an incentive to conduct additional healthcare research.


      


    




    

      3. Healthcare Research and Models




      In healthcare research, there are two key approaches: qualitative and quantitative methods. The quantitative approach is the process of collecting and analyzing numerical data and is usually used to discover patterns and generalize results from various population groups. The qualitative approach usually involves collecting and analyzing non-numerical data such as text, video, or audio to understand concepts, opinions, or experiences. The questionnaire, interview, and focus groups are some of the approaches for conducting qualitative research. Recently, the mixed approach integrating qualitative and quantitative methods has also been adopted in many studies. The questionnaire is a good medium for data collection using the mixed approach. In spite of the methods used for healthcare research, virtual reality and simulated training in digital health usually involve understanding user acceptance and behaviour before and after conducting the tests. In this regard, a research model is very important to study user behaviour in the examination scientifically. There are several commonly used research models for investigating user acceptance and behaviour in digital health and technology adoption. The research models and the selection considerations are elaborated in the following sections.




      

        3.1. Technology Acceptance Model (TAM)




        One of the most important theories of technology adoption is the Technology Acceptance Model (TAM) [25], which states that two key elements influence a person's intention to use new technology: perceived ease of use and perceived usefulness (Fig. 4). The subjective probability that using a given application system would improve one's work performance within an organizational environment is described as perceived usefulness (U). The degree to which the prospective user expects the specific system to be effort-free is referred to as perceived ease of use (EOU) [25]. For example, an older person who thinks that digital games are too hard to play or a waste of time will be less likely to adopt this technology, whereas an older adult who believes that digital games provide the required mental stimulation and are simple to learn will be more willing to learn how to use them [26]. TAM claims that attitude, which is a combination of perceived usefulness and perceived ease of use, is the most important factor in a user's behavioral intention and actual usage. Many studies of user acceptance have scientifically validated the causal links between these constructs [27].







OEBPS/Images/9789815179996-C1-F2.jpg





OEBPS/Images/bentham_logo.jpg





OEBPS/Images/Cover.jpg
VIRTUAL REALITY, ARTIFICIAL
INTELLIGENCE AND SPECIALIZED
LOGISTICS IN HEALTHCARE

51"‘;‘ N\
r .-
Yui-yip Lau y y
Yuk Ming Tang
Leung Wai Keung Alan
) Bemham‘ooks





OEBPS/Images/9789815179996-C1-F3.jpg





OEBPS/Images/9789815179996-C1-F1.jpg





