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Abstract 

This project aims to allow industrial engineers (IEs) access to an inaccessible, complex environment such as an 

operating room (OR) to learn and apply an IE technique such as kanban. It does so by using immersive 3D virtual 

reality (VR) to simulate an OR and typical aspects of a kanban implementation. We developed a novel approach to 

engage IEs to learn and apply kanban in a virtual OR in a CAVE. The 15 minute activity in the CAVE was tested by 

14 participants. We found that immersive 3D VR is an acceptable tool to learn and apply IE techniques to 

healthcare environments. This project opens up opportunities for other engineering techniques to be simulated in 

3D VR systems to adequately learn how to apply them. 

Introduction 

Healthcare faces many problems that industrial engineers (IEs) can help solve, particularly in inventory management 

within highly complex, mission critical environments like operating rooms (ORs). However, ORs are difficult for 

IEs to access1 and learn because they are complex, expensive, and high risk areas. Innovative computer technology 

like immersive 3D virtual reality (VR) can accelerate the application of IE techniques to healthcare logistics. The 

goal of this project is to see if humans can tolerate VR to learn and apply a known IE technique to an OR. 

Kanban, a visual IE technique for inventory management which is often used in manufacturing, can be used to 

reduce inventory errors (such as stock outs during surgical procedures) and save time2. It does so by optimizing and 

standardizing where supplies are located and when they are replenished to ensure quality and accessibility. In an 

example of a common two-bin kanban system, sponges would be kept in two different bins. When a healthcare 

employee had depleted the supply of the first bin of sponges, the empty bin would be a signal that more sponges 

should be ordered. While on order, the healthcare employees can continue to use the sponges in the second bin until 

replenishment occurs. This signaling system ensures that supplies needed for a surgical procedure are always on 

hand, which supports the delivery of high quality care. To learn an IE technique such as kanban, reading about it in a 

textbook or magazine is not enough; engineers have to apply the technique to understand it. Moreover, applying an 

IE technique developed for manufacturing to an OR is difficult to do in a straightforward application because the 

environments are so different. For these reasons, finding an efficient way to let IEs have access to ORs and modify 

the implementation of kanban in this environment is critically important. 

This project demonstrates a novel use of computer technology in promoting patient safety and organizational health 

by allowing IEs to efficiently learn in a clinical setting. Immersive 3D VR systems provide high fidelity simulations 

that can recreate the critical features of a complex and realistic environment, such as the visual cues, psychomotor 

skills, complex perceptual tasks, and variety of collaboration activities that are important to an OR,
 
to allow IEs to 

apply kanban within the environment. Thus, immersive 3D VR provides a less expensive way to learn an IE 

technique without disrupting patient care or endangering the health of themselves, patients, and clinicians. 

This project uses a CAVE3 system to simulate the aforementioned features of an OR. The CAVE is a six sided (9’6” 

x 9’6” x 9’6”) 3D interactive rear-projected system. The CAVE has four rear-projection canvas display walls, one 

rear-projection solid acrylic floor, and one rear-projection canvas ceiling. The CAVE uses wireless wands and head 

trackers for full user-viewpoint-dependent stereoscopic viewing. Ultrasonic tracking emitters embedded into the 

CAVE corners provide full tracking of the head and wand. The head tracking units are placed on shutter goggles to 

provide stereoscopic 3D viewing within the CAVE. Simulating physical environments in a CAVE allows for the VR 

environments to be easily modified in order to examine different room layouts and equipment, and provides the 

flexibility to complete a wide variety of tasks within any healthcare environment, not limited by a physical space.  

Methods 



We have developed an innovative, interactive kanban implementation activity in a virtual OR simulation in a 

CAVE. To do so, we modified an existing virtual OR to include aspects of a typical kanban implementation, such as 

surgical materials, replenishment cards, bins, and the skills that are necessary to complete the tasks of sorting 

materials into bins, labeling them with replenishment cards, and organizing them onto shelves. The simulation 

allows for IEs to physically see the same visual cues that healthcare providers would see in a real OR, enabling them 

to critically evaluate how they optimize and standardize where the materials are organized to be most accessible. 

Our activity uses a novel technology called Dual View, which allows two users to have a tracked, perspective-

correct 3D stereoscopic immersive experience (rather than a single user perspective). Due to this capability, the 

activity allows two users to simultaneously work together in the CAVE. Since users are close to one another within 

the CAVE, they can communicate and virtually interact with each other within the OR using the wand controls. For 

example, users can pass surgical objects between each other to organize surgical items into bins. 

To test this simulation, we engaged 14 students from a health systems engineering course in a 15 minute exposure 

within the CAVE. These students have a lot of similar characteristics with potential users of this computer 

simulation. The students worked in pairs and implemented kanban in a virtual OR. At the end of the activity, each 

participant completed a 16-question, investigator-developed survey about their experience. 

Results and Conclusions 

Self-reports from the participants indicate that the kanban activity in a virtual OR was a valuable tool for learning an 

IE technique in a healthcare setting. Participants demonstrated that they gained knowledge about how kanban can 

improve quality of care provided and that inventory management and visual cues are important in ORs by providing 

27 relevant examples of how kanban can be used in healthcare. They also found that completing the tasks in VR was 

possible, but would have preferred a longer time to do so. Participants indicated that collaborating in pairs was 

beneficial to complete the activity, and they saw ways to learn and apply other engineering tools in the VR 

environment. One participant suggested, “It might work for ergonomic learning, where a given task is executed and 

the operator can think of ways to make the task more efficient physically.” Participants liked the realism of the OR, 

and commented that it helped them learn better. One participant remarked, “I just had a conceptual understanding 

before but now I better understand how the process works.” Two aspects of the activity participants were dissatisfied 

with were usability of the wand controls and resolution of the projected images. 

These results indicate that while functional and display performance of the VR system can be improved upon, 

immersive 3D VR is an acceptable tool to allow IEs access to learn and apply IE techniques in healthcare settings. 

Furthermore, results indicate that if psychomotor skills, perceptual tasks, collaboration activities, and visual cues are 

successfully replicated in a VR environment, it would be a good environment to allow IEs to learn without 

disrupting patient care, endangering anyone, or undertaking considerable costs. 

Implications of the Work and Further Investigation 

This is the first time that we know of that a healthcare environment has been replicated in VR for engineers to 

collaborate and apply an IE technique. This research project opens up possibilities for whole other suites of 

engineering techniques to be demonstrated and applied in VR. 
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