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ABSTRACT (250 words or less): 

 

   The purpose of this proposal is to transform engineering education through the utilization of 

immersive virtual reality technology. This proposal requests funds for 10 VR setups, including 10 Meta 

Quest 2 headsets, required desktops and monitors, and 10 lifetime licenses of a three-phase crude oil 

separator simulation for $63,726.58. This equipment with software can accommodate 10, 20, or 30 

students at a time. Integrating this simulation across various classes throughout the college will enable 

students to bridge the gap between theoretical knowledge and practical applications, foster engagement, 

support a deeper understanding of complex concepts, and develop critical thinking and technical skills. 

Incorporating virtual reality (VR) aligns with the requirements of ABET accreditation and supports the 

university’s ADVANCE goals by promoting innovation in teaching and learning. Across 23 classes, this 

will benefit over 1000 students per year throughout several departments in the college of engineering. In 

addition, VR technology enhances recruitment activities by creating memorable and impactful first 

impressions, potentially reaching over 2000 prospective incoming students per year. And finally, VR 

promotes industry collaboration by having current, cutting-edge technology that allows opportunities for 

continuing education or professional workshop developments. This investment holds immense potential 

to revolutionize teaching and learning practices within the engineering college, empowering students to 

excel in their respective fields.     
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Purpose of grant  

 

   The purpose of this proposal is to enhance engineering education at UL Lafayette through the use of 

virtual reality (VR) immersive technologies. Manufacturing stands as one of the most expansive topics 

in engineering, encompassing all disciplines while emphasizing design and processes advancements in 

many different industries. However, engineering education primarily focuses on industrial applications 

involved in chemical and compound manufacturing which presents challenges in bringing real 

equipment and systems into the classroom environment for student engagement.  

 

   Virtual reality can generate highly authentic and immersive chemical processes and equipment 

simulations, enabling students to explore these intricate systems safely and interactively. It provides a 

controlled environment facilitating hands-on experience when diverse equipment and operations are 

inaccessible to students. VR has been used extensively in other educational fields, such as health, 

general education, and sciences.1 Still, it has not gained traction in engineering education2, albeit many 

chemical and petrochemical industries utilize immersive VR technologies for operator training, such as 

BP, ExxonMobil, Honeywell, Shell, and BASF. Studies suggest that virtual reality training outperforms 

traditional training in fostering technical and practical skills development.3  

 

   Furthermore, in conventional curriculums, students design processes or specific equipment for their 

capstone design project, even though they may have never had the opportunity to visit or engage with a 

fully operational processing plant or any equipment. These designs are rooted in steady-state conditions, 

representing ideal scenarios that do not accurately reflect the complexities of real-world industrial 

operations. Core subjects such as material and energy balances, thermodynamics, heat transfer, transport 

phenomena, and safety are taught linearly, focusing on individual concepts and progressively building 

upon them. To ensure students are adequately prepared, strict measures are taken to establish 

prerequisites and co-requisites for these subjects to ensure their success. Figure 1 illustrates core 

chemical engineering subjects' typical pre- and co-requisite requirements. However, this linear approach 

often overlooks the interconnectedness of these subjects (Figure 2) and fails to provide the necessary 

context for understanding their real-world applications. Consequently, students and instructors alike 

often neglect dynamic factors that significantly influence the performance and reliability of chemical 

processes, such as process fluctuations, equipment failures, and changing operating conditions, which 

encompass all subjects simultaneously. As a result, there is a need to bridge this gap and provide a more 

comprehensive and holistic understanding of these subjects.  

 

   This is where virtual reality can make a significant difference. The VR technology implemented with 

the right software allows for immersive and interactive simulations that accurately represent the 

complexities of chemical processes. By engaging students in realistic scenarios, VR can provide a 

holistic understanding of how different concepts and core subjects are interconnected and how they 

influence processes. The use of VR can enable students to actively engage with these dynamic factors 

and allow them to make decisions and draw conclusions based on their understanding of the subject 

matter in a real-world context. They can troubleshoot issues, observe causes and effects, optimize 

process parameters, and evaluate the implication of their actions within a risk-free environment. This 

active participation enhances the critical thinking skills necessary for their success and prepares them for 

real-world challenges as engineers.  
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Figure 1: Engineering Core Subject Lineage 

 

Figure 2: Engineering Core Subject Network 

    

   Furthermore, undergraduate students have limited exposure to actual industrial environments due to 

various factors, including safety and security considerations, confidentiality and intellectual property, 

and adherence to regulatory compliance. As a result, students face challenges in comprehending the 
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intricacies and complexities inherent to physical equipment. When teaching, the primary focus is 

typically on understanding the phenomena occurring within the equipment, with design parameters such 

as sizing discussed, but operational parameters receive limited attention. Individual pieces of equipment 

are often complexed with various sensors, valves, pressure relief systems, and safety features required 

for safe and effective operation, which are not emphasized when teaching theory. As stated above, most 

phenomena are taught at steady or non-changing conditions. Therefore, understanding cause-and-effect 

relationships can be challenging because these relationships involve multiple pieces of equipment, 

intricate interactions, and multiple phenomena. It is not always easy to pinpoint a single cause or 

identify all the contributing factors leading to a specific effect, as changes in one aspect can propagate 

throughout the system, resulting in multiple simultaneous effects. 

 

   Additionally, the presence of time delays between causes and their resulting effects adds another layer 

of complexity. To overcome these challenges, hands-on experiences become invaluable as they provide 

opportunities to observe and comprehend the cause-and-effect relationships in action. Such practical 

experiences help bridge the gap between theoretical knowledge and real-world applications, allowing 

students to appreciate the intricacies and nuances involved in understanding and addressing process 

dynamics.  

 

   Engineering education relies on practical application but lacks sufficient hands-on experience in most 

cases. Students are mandated to participate in a unit operations laboratory, engaging in pre-designed 

experiments designed to be inherently safe. These experiments are carefully structured to minimize risk 

at a learning expense. While the controlled nature of these laboratory exercises ensures a safe learning 

environment, which is the priority, it also results in a constrained range of possibilities and limited 

exposure to real-world process variations. Thus, students encounter challenges in gaining hands-on 

experience with the complexities and uncertainties associated with chemical processes. Having hands-on 

experience in real-world settings is vital in enhancing students’ ability to bridge theory with practical 

application, fostering engineering competence, and nurturing innovative problem-solving skills to tackle 

novel challenges. Unfortunately, some students may graduate without acquiring sufficient professional 

hands-on experience, which is crucial for their future career readiness and understanding the dynamic 

aspects of the field. Even for the students that gain cooperative experiences, numerous risk factors 

impose limitations on interns’ ability to acquire and apply operational skills effectively, which can be 

addressed by integrating simulated environments, such as the proposed technology.4 This broader 

exposure can enhance students’ understanding of the diverse challenges and variations they may 

encounter in their future careers while building further on their critical thinking skills which are essential 

in engineering fields.  

 

   The requested funds are for the software and equipment required to fully support ten individual 

immersive plant simulator licenses that include:  

 

1. 3D interactive virtual plant  

2. Multicomponent dynamic process simulator for a three-phase separator within the plant  

3. A control room operator graphical interface with DCS (distributed control system) for the three-

phase separator 

4. Built-in exercises that support individual and collaborative efforts between students 
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   The three-phase separator model is an industrial-size (65-foot) horizontal crude oil separator that 

separates natural gas, oil, and produced water. Within a horizontal three-phase separator, the mixed feed 

enters the vessel via an inlet and encounters an inlet diverter to promote the initial separation of the 

liquid and vapor. Once the vapor (natural gas) is separated from the oil and water, it passes through 

several valves to maintain pressure in the vessel before exiting the system for subsequent downstream 

processing. Next, in the liquid collection region of the vessel, the oil and water-oil emulsion undergo 

separation. A weir regulates the oil level, while an interface liquid level controller ensures the 

maintenance of the water level. The oil overflows beyond the weir and is controlled by a level controller 

that operates an oil dump valve to maintain its desired level. Traditionally, an interface level controller 

detects the position of the oil-water interface, and this controller can trigger another valve, releasing an 

appropriate amount of water from the vessel to uphold the interface height. A typical depiction of a 

three-phase separator used for teaching is shown in Figure 3. Unfortunately, as with others, this 

depiction does not give a good representation of the equipment in the field (Figure 4). For this 

equipment and other chemical processing equipment, pumps, valves, sensors and controllers, and 

pressure relief devices are required for safe and effective operation. Piping connects these all together, 

which involves space allocation. The typical teaching curriculum also looks over other safety features 

such as flares or fire mitigation systems.  

 

   Learning and troubleshooting these actual systems through hands-on experience is beneficial for 

students, as theory alone may not adequately prepare them to handle real-life situations. Take, for 

instance, the concept of overfilling a three-phase separator. This carries various safety and process 

impacts, such as increased risks of leaks, reduced separation efficiency, pressure build-up that can lead 

to explosions, loss of level control, instrumentation failure, and elevated fire and explosion hazards. 

Overfilling can be caused by various factors, including malfunctioning level control systems, excess 

inlet flow rates, pump failures, changes in operating conditions, or even human error. While safeguards 

are in place, such as alarms or automated controls to prevent such incidents, multiple process changes 

can result from a single disruption. Teaching and thus comprehending all potential scenarios and 

outcomes in theory alone can be challenging. This virtual reality software will allow hands-on 

experience in a safe, controlled environment that enables students to experiment and develop problem-

solving skills that learn to anticipate, diagnose, and resolve issues that can arise in operating a three-

phase separator.  

 

   Within this simulation, exists a fire and gas mitigation system with a flare and flare monitoring. All 

controllers, valves, pumps, and sight glasses are interactive and representative of pieces of equipment 

found in the field with the ability of interaction. In addition, there are built-in exercises with scoring for 

assessments that include, but are not limited to:  

 

1. Start-up 

2. Shutdown 

3. Level indicator failure 

4. Pressure control valve sticking 

5. Pressure relief valve lifting light, causing flaring 

6. Pump failure 

7. Pressure relief valve lifting light, causing flaring and pump failure combined 

8. Pump failure and fire  

 



7 

 

 

Figure 3: A typical three-phase crude oil separator adapted from Stewart (2021)5 

 

Figure 4: Three-phase separator simulation 

 

   In the petroleum industry, particularly in production operations managed by chemical, petroleum, and 

mechanical engineers, using three-phase separators is crucial for facilitating the efficient production and 

transportation of oil and gas. These separators are pivotal in maintaining operational efficiency, ensuring 

product quality, and meeting regulatory standards throughout the production and transportation 
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processes5. In general, all produced fluids are routed to a three-phase separator, with horizontal types 

representing the majority of installations6. The United States alone witnesses significant crude oil 

production, estimated at 11.9 million barrels per day, with further increases anticipated in the coming 

years.7 Additionally, three-phase separators find extensive applications in the chemical process industry. 

They play a vital role in the pretreatment of feeds by effectively separating water or gas from three-

phase mixtures. This separation process serves multiple purposes, including extracting desired products 

from other components, and safeguarding liquid handling equipment like pumps by preventing vapor 

entry and potential damage. Moreover, three-phase separators are commonly employed in the overhead 

systems of fractionators, also known as distillation columns which serve as the prevailing separation 

technique in the chemical industry.   

 

   Another aspect of chemical processing and associated equipment involves the utilization of controls 

and control systems. Engineers often collaborate closely with operators who rely on distributed control 

systems (DCS). A DCS is a comprehensive system comprising sensors and controllers distributed 

throughout a plant of process. These components are interconnected with a central computer, enabling 

virtual control over specific variables. The DCS facilitates continuous monitoring and precise control of 

the process while providing alarms for detecting abnormal or changing conditions. Distributed control 

systems are extensively utilized in various industries, including chemical and petrochemical, to oversee 

complex operations. However, it is essential to note that not all process variables can be manipulated 

solely through a DCS and often requires manual manipulation. This emphasizes the significance of 

collaboration and effective communication between engineers and operators to ensure seamless 

operation and control of the system.  

 

   This simulation has a modern DCS interface (Figure 5) that allows  interaction with the virtual plant. It 

is designed to be a sandbox environment, so the number of scenarios that can be created is unlimited. 

Real-time running, trending, event logging, and alarm system representative of industrial control 

systems exist (Figure 6) within the software. Students can collaborate between the DCS and plant as 

they would, which in reality is impossible to obtain in traditional class activities. The control and 

management of process variables, including temperatures, pressures, flow rates, and liquid levels, 

interact in the system comprising multiple components, phases, and non-ideal characteristics; students 

gain the ability to monitor and control process variables effectively, ensuring optimal performance and 

facilitate adjustments to maintain system stability, efficiency, and safety. This powerful tool offers 

capabilities for handling both routine and challenging operational scenarios, simple and complex 

scenarios, while providing robust assessment functionalities.  
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Figure 5: Instructor view of the three-phase separator’s DCS 

 

Figure 6: Trend monitoring in the TSC simulator 

   Overall, this virtual reality technology and future technology has the potential to revolutionize how 

engineering is taught and researched while offering several advantages to students and instructors. The 

proposal aims to leverage VR technology to enhance the learning experience, improve student 

engagement, and promote a deeper understanding of engineering concepts and principles with the goal 
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of equipping all students with valuable skills and experiences that align with industry demands, foster 

innovation, and prepare them for successful careers in engineering. Furthermore, it can be used in 

recruiting efforts, support ADVANCE pathways, and assist in industry collaboration. The utilization of 

this virtual reality technology holds transformative potential in the realm of engineering education, 

presenting numerous benefits to both students and instructors alike. If funded, the departments will be at 

the forefront of engineering education, equipped to prepare students for the industry's ever-evolving 

landscape and expand to other emerging simulations.    

 

Impact on the student body 

    

   Implementing this technology would profoundly impact the college of engineering, enriching their 

educational experience in several ways. Firstly, the integration of VR technology would foster an 

immersive and engaging learning environment, enhance student motivation, participation, and 

knowledge retention directly related to pedagogical strategies to promote active learning, critical 

thinking, and problem-solving skills to develop a deeper understanding of complex chemical 

engineering concepts and their practical applications within courses.  

 

   Moreover, incorporating VR into the curriculum would align with the requirements of the 

Accreditation Board for Engineering and Technology (ABET) accreditation, ensuring that the program 

meets the established standards for educational quality and professional readiness. Using innovative 

teaching methods and technological advancements would demonstrate the program’s commitment to 

continuous improvement. Additionally, the proposal aligns with the university’s ADVANCE program 

and would promote research within the curriculum. Furthermore, incorporating VR would enhance 

recruitment efforts by showcasing the program’s commitment to cutting-edge technologies and the 

ability to develop career workshops around this software.  

 

   In general, the proposal’s impact on the student body extends beyond the classroom, offering 

transformative learning experiences, aligning with accreditation standards, promoting research, and 

strengthening recruitment efforts, all of which contribute to a high-quality and forward-thinking 

engineering program. 

  

 Pedagogical Strategies and Practices  

   There has been a persistent difficulty in fostering the acquisition of sufficient cognitive, technical, and 

socio-emotional skills among students, partly due to the restricted availability of hands-on training and 

limited access to suitable content and learning environments. Engineering education often encounters 

significant obstacles in offering students the essential pedagogical experiences required to cultivate 

practical skills.3 This virtual reality (VR) will foster many learning strategies to overcome these 

challenges and cater to different students, such as experiential, inquiry-based, problem-based, and 

cooperative learning approaches. This range of pedagogical strategies will enhance student engagement, 

knowledge acquisition, and long-term knowledge retention. Students will be able to explore and 

discover knowledge independently in a safe and controlled environment that would be otherwise 

impossible in real-life scenarios. 

 

   Through this simulation, students can actively engage with a crude oil separator with controls, 

collaborate in group settings like in the real world, investigate cause and effect, experiment with 

complex scenarios, and tackle real-world problems for a comprehensive learning experience and 
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knowledge retention. These approaches enhance students’ understanding, critical thinking, and problem-

solving skills. In addition, authentic assessment methods can be employed to evaluate student progress, 

ensuring that the learning outcomes are aligned with practical application and promoting a deeper 

understanding of the subject matter. A summary of pedagogical strategies with specific impacts is in 

Table 1. 

 

Table 1: Impact of Learning Strategies 

Teaching Pedagogy Impact to Students 

Experiential Learning 

• Presents students with authentic problems that reflect 

real-world scenarios  

• Provide students with a “hands-on” learning 

environment 

• Allows students to engage with material and their 

knowledge in practical situations  

Inquiry-Based Learning 

• Requires students to create questions on their own  

• Obtaining supporting evidence to answer questions 

• Explaining evidence collected 

• Connecting the explanation to the knowledge obtained 

from the investigative process  

Problem-Based Learning 

• Promotes deep understanding of concepts  

• Develops students’ critical thinking skills as they 

analyze problems, evaluate evidence, and make 

decisions 

• Enhances students’ problem-solving skills by providing 

opportunities to identify, analyze, and develop solutions 

during troubleshooting exercises  

• Fosters long-term retention of knowledge as students 

engage in problem-solving and connect theory to real-

world scenarios  

Cooperative Learning 

• Establishes shared goals for a group 

• Promotes positive interdependence and the idea each 

student’s efforts and achievements are interconnected  

• Nurtures positive interpersonal relationships and 

effective communication  

 

  

 

 

Course Alignment 

   By aligning courses with industry demands, such as dynamic operation and operation of distributed 

control systems, students would be equipped with relevant skills and competencies that enhance their 

employability and future success. They will also gain the critical thinking skills essential for students to 

become competent engineers. The following courses with aligned activities are described below in Table 

2, which enrolled 1071 students throughout these courses in 2022 The shift away from a linear approach, 
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as depicted in Figure 1, leads to a more interconnected curriculum where topics are interdependent and 

cannot be effectively utilized in isolation for real-life applications. By utilization of the software and 

VR, students will gain a heightened awareness of this interdependence. They will actively observe and 

engage in the connection between these topics, as illustrated in Figure 7. The three-phase separator 

encompasses the whole network of these topics allowing the software to serve as a bridge, enabling a 

cohesive learning experience that demonstrates the interplay between different subject areas and 

promotes a holistic understanding of topics. It is noteworthy to mention that although Figure 7 shows 

chemical engineering courses, these topics are also taught in the respective engineering courses.  

Table 2: Course Alignment 

 
COURSE No. of Students/year 

Chemical Engineering 

CHEE 101 – Introduction to 

Chemical Engineering 
39 

CHEE 201 – Chemical 

Engineering Calculations 
55 

CHEE 310 – Chemical 

Engineering Thermodynamics 
76 

CHEE 307- Safety, Ethics, and 

the Environment 
32 

CHEE 401- Stage Operation 

Design 
24 

CHEE 405 – Heat Transfer  46 

CHEE 413 – Process Controls  46 

 

Petroleum Engineering 

PETE 321 – Phase Behavior of 

Hydrocarbon Systems 
10 

PETE 431G – Petroleum 

Production Engineering 
18 

PETE 432 – Petroleum 

Production Laboratory 
18 

Mechanical Engineering 

MCHE 101 – Introduction to 

Mechanical Engineering 
126 

MCHE 358 – Energy Systems 

Lab 
97 

MCHE 362 – Thermal 

Engineering 
73 

MCHE 471 – Fluid Mechanics 23 

Electrical Engineering 

EECE 447 – Electrical Machines 

and Power 
33 

EECE 450G – Power Systems 9 

Engineering Technology  
ENGT 250 – Construction 

Materials and Methods I 
60 
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ENGT 268 – General Safety and 

Accident Prevention 
56 

ENGT 399 – Advanced Safety 0 

Other 

ENGR 304 – Fluid Mechanics  115 

ENGR 305 – Transport 

Phenomena  
66 

ACSK 120 – Topics in Academic 

Skills 
12 

UNIV 100 – First Year Seminar 19 

 

 

Figure 7: Interdependence of course topics with respect to the three-phase separator specific to 

chemical engineering 
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ABET accreditation 

   By integrating virtual reality into the curriculum, the program would align itself with the stipulations 

of ABET accreditation, thereby guaranteeing adherence to the prescribed benchmarks for educational 

excellence and professional preparedness. This accreditation impacts students by assuring the quality of 

their education, expanding financial aid opportunities, supporting professional licensure, improving 

employment prospects, and fostering ongoing improvements. Incorporating cutting-edge instructional 

approaches and technological advancements would serve as tangible evidence of the program’s 

dedication to continuous improvement and staying ahead of developments in engineering education. The 

software and hardware employed would actively support the attainment of program educational 

objectives and student outcomes while providing means to assess specific outcomes. Through the 

utilization of this software with various applications, the following student outcomes can be effectively 

achieved:     

 

1. ABET STUDENT OUTCOME 1: an ability to identify, formulate, and solve complex 

engineering problems by applying principles of engineering, science, and mathematics 

2. ABET STUDENT OUTCOME 4: an ability to recognize ethical and professional responsibilities 

in engineering situations and make informed judgments, which must consider the impact of 

engineering solutions in global, economic, environmental, and societal contexts.  

3. ABET STUDENT OUTCOME 5: an ability to function effectively on a team whose members 

together provide leadership, create a collaborative and inclusive environment, establish goals, 

plan tasks, and meet objectives.  

4. ABET STUDENT OUTCOME 6: an ability to develop and conduct appropriate experimentation, 

analyze and interpret data, and use engineering judgment to draw conclusions.  

 

  And the program’s educational objective for graduates expected within a few years of graduation to 

have:  

 

1. Established themselves as practicing professionals or engaged in advanced application of 

chemical engineering design  

2. Demonstrated their ability to work successfully as a member of a professional organization and 

function effectively as responsible professionals  

 

   While ABET outcome 1 can be easily achieved through traditional coursework, outcomes 2, 5, and 6 

present more significant challenges in such settings due to various factors. However, implementing this 

software introduces transformative opportunities for students to recognize ethical and professional 

situations and make informed judgments in a controlled environment. By directly observing the impact 

of their decisions within economics (how much product is produced in the simulation), environmental 

(flare monitoring), and safety contexts (hazards such as a fire), students gain valuable insights. The 

collaborative nature of the software’s realistic operations satisfies the requirements of ABET outcome 5, 

as students engage in group and individual tasks within the group. Furthermore, the software’s sandbox 

environment offers various situations and outcomes for analysis, allowing students to interpret data 

trends and draw meaningful conclusions. By effectively achieving these student outcomes, the 

program’s educational objectives are better positioned to be fulfilled, providing students with the critical 

thinking skills needed to have a strong foundation for success.  
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Advance program  

   Incorporating TSC’s simulation software into the curriculum will impact the students by providing a 

robust foundation for students to excel in research endeavors, foster a passion for scientific inquiry, and 

prepare them for future research opportunities. In complete accordance with ADVANCE’s goal 1, which 

aims to increase student participation in meaningful research experiences, the proposed courses outlined 

in Table 2 perfectly align with ADVANCE’s definition of student research experience (SRE). As per 

ADVANCE’s definition, an SRE involves a sustained effort by a student to apply their subject 

knowledge, skills, and abilities to a highly regarded project within the discipline. This includes engaging 

in systematic inquiry to uncover facts, principles, or perspectives, as well as the application of 

professional skills.  

 

   By actively participating in these courses, students gain hands-on experience by conducting “what if” 

analyses, observing trends, analyzing data, and drawing meaningful conclusions. Since the software is 

designed to be a sandbox environment with unlimited scenarios that can be created, the students are 

encouraged to explore different approaches, test hypotheses, and make evidence-based decisions. In 

addition, students have the flexibility to manipulate boundary conditions, alter variables, and observe the 

corresponding outcomes, allowing them to deepen their understanding of cause-and-effect relationships 

within the context of research.  

 

Recruitment and Outreach 

   Incorporating the three-phase separator into our recruitment efforts presents an exceptional 

opportunity to captivate and engage prospective students, leaving a lasting impression. By harnessing 

the immersive and interactive capabilities of the VR simulator, we can offer aspiring students a truly 

unique and compelling experience that showcases the vibrant learning environment and our unwavering 

commitment to cutting-edge technologies. This integration enhances the overall appeal of our program 

and demonstrates our dedication to innovative teaching methodologies and the continual advancement of 

technological advancements. By positioning ourselves as a forward-thinking program that embraces 

emerging technologies widely employed in industry, we can attract a diverse pool of talented students 

who are inspired and ignite a curiosity about the field. As a result, we can attract top-tier talent and 

cultivate a vibrant and diverse student body, shaping the future of our program. When incorporated into 

recruiting efforts, it has the potential to impact more than students. Activities and student numbers from 

2022 are shown in Table 3.  

 

Table 3: Student numbers in outreach activities for the college of engineering 

Outreach Activity No. of students in 2022 

Engineering and technology day 1000+ 

College tours 40+ 

High school visits 650 

Preview days 268 

Junior day (2023 expected) 315 

     



16 

 

   Additionally, this technology can be utilized in the college’s career workshop development program 

which is open to all engineering majors and designed to prepare students for their professional careers. 

This will directly impact 80 students per year.  

  

Future growth and industry collaboration 

   In addition to the proposed model for the three-phase separator, the hardware in this proposal can be 

extended to encompass a broader range of chemical processes and simulations, taking advantage of 

technological advancements. Furthermore, readily available hardware can enhance the potential for 

obtaining donations from prospective sponsors, who may be more inclined to support hands-on learning 

experiences. Building on this momentum, efforts will be made to establish connections with industries, 

with the possibility of arranging virtual tours similar to Exxon Mobil’s participation and sponsorship of 

the Digital Garage at the Society of Women Engineers Conference in 2022. These collaborative 

endeavors will provide students with valuable insights and real-world exposure, fostering of a deeper 

understanding of industry practices and inspire their career aspirations.   

 

Assessment of learning outcomes specific to VR technology 

   To understand if learning outcomes are being achieved, as well as if the VR is impacting the student 

body, as mentioned above, assessment methods will be developed and maintained. Currently, senior exit 

interviews are required and measure specific aspects of the program, including students' perspectives of 

their knowledge in particular subjects such as mass and energy balances, transport phenomena, heat 

transfer operations, thermodynamics, stage operation, process controls, and also how the integration of 

these concepts related to skills such as safety, professionalism, communication, problem-solving, ethics, 

teamwork, the impact of engineering solutions, the importance of life-long learning, and knowledge of 

contemporary issues. After a few semesters of gathering data, the data will be compared pre-VR and 

post-VR by significance testing. This survey can also easily be adjusted to include questions 

incorporating the VR simulation to gauge student’s long-term retention, engagement, course materials 

integration, and the overall perspective of VR technology. A similar approach to the VR evaluation 

survey conducted by Halabi in 2020 (Figure 8) can be utilized to guide the development of the 

assessment survey and ensure comprehensive data collection.8 

 

Figure 8: Halabi (2020) Course Evaluation Survey 
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    The method discussed above is subjective, so averages of assessments (exams and assignments) pre- 

and post-VR will be compared that cover topics mentioned in the course alignment (Table 2). VR 

experience metric tools have not been created, so innovation in developing metrics that matter most 

must be discussed with faculty and advisory board members simultaneously. However, this platform can 

collect data on student interactions and performance during learning activities, such as time spent on 

tasks and decision-making processes with outcomes. By collecting this data, the department can gain 

valuable insights into students’ progress in subject matter and practical skills development, critical 

thinking abilities, problem-solving proficiency, and overall student engagement. The departments can 

gain valuable insights into student progress and identify improvement areas by analyzing these metrics. 

Overall, by analyzing gathered data over multiple semesters, assessment methods will provide valuable 

insights into the effectiveness of the VR approach, its impact on student learning outcomes, facilitate 

continuous improvement (required by ABET), and refinement of engineering education. Results can be 

published at an American Society for Engineering Education (ASEE) journal or conference.   

 

Projected lifetime of enhancement 

   The anticipated lifespan of the technology is projected to be five years or longer, ensuring a 

sustainable and valuable investment. Although the software license is deemed a lifetime purchase, it 

should be acknowledged that ongoing advancements and updates in technology are likely to occur. As a 

result, determining the precise projected lifespan of the enhancements is challenging due to the dynamic 

nature of VR technology. However, the enhancements are expected to remain relevant and effective for a 

considerable period, estimated in the upward of 10 years.   

  

Responsible parties  

i. Implementation 

   Ashley Mikolajczyk, P.E., an instructor in chemical engineering, is responsible for 

implementation. In this role, she will oversee the procurement process by placing purchase 

orders for the necessary software and hardware components and effectively manage all logistical 

aspects to ensure a smooth integration of the VR system within the curriculum. She will also 

collaborate with other faculty members within the college.  

 

ii. Installation 

   Timothy Boudreaux, the laboratory technician in the chemical engineering department, will 

oversee the installation of the software and hardware on PCs. The Oculus headsets and 

controllers will be connected to the PCs to access the interactive plant. TSC will support the 

installation process of the software in collaboration with Timothy Boudreaux. Since lifetime 

licenses will be purchased, technical support will be provided by TSC when headsets are 

compatible with operating on a server, estimated around three to five years.  

 

iii. Maintenance 

   Ashley Mikolajczyk and Timothy Boudreaux are responsible for maintaining all the equipment 

and software funded through the STEP grant. Additionally, the software comes with a one-year 

ongoing support package provided by TSC to address any malfunctions or technical issues with 

the TSC software.  

 

iv. Operation 
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   Several faculty members within the college of engineering will assume responsibility for the 

operation of the software. This collaborative effort ensures that the software is effectively 

utilized across different courses and instructional activities, as mentioned above. In addition, 

faculty will oversee the integration into their respective courses, guiding students through the 

virtual simulations and facilitating interactive learning experiences.     

 

v. Training  

    The software package includes two training sessions conducted by a TSC staff member, 

specifically focusing on the more complex aspects of the TSC software. Ashley Mikolajczyk will 

undertake the training sessions to gain expertise in these advanced areas and assume the 

responsibility of training other faculty members. As the designated faculty member for software 

implementation, Ashley will receive comprehensive training to ensure a deep understanding of 

the software’s functionalities and capabilities. She will leverage this knowledge to effectively 

train and support other faculty members in utilizing the software to its full potential.  

   Along with software training, ongoing training and support mechanisms will be provided to 

faculty to easily integrate the technology into the existing curriculum while maximizing its 

educational benefits.  

 

 

Budget Justification 

   VR headsets are necessary to implement the software, with Meta Quest 2 being the recommended 

choice for optimal compatibility with TSC’s three-phase separator software. Twelve Meta Quest 2 

headsets are budgeted, allowing ten headsets to be active while keeping two spares for backup and 

maintenance purposes at $328.89 per headset and controller, equating to $3,946.68. A budget allocation 

of $38,400 is designated for ten-lifetime licenses of the TSC Simulation three-phase separator simulator. 

This software comes with user guides for both students and instructors, standard operating procedures 

(SOPs), and maintenance procedures. To run the simulation on the headset, 10 Dell OptiPlex Plus 7000 

series desktops are required with an NVIDIA RTX 3070 graphics card. The desktops cost $1398.00 per 

computer and the graphics card cost $499.99. An additional 256GB is recommended and cost $50.00 per 

unit. Twenty-two-inch monitors are quoted at $190.00 per unit. A total amount of $63,726.58 is 

requested. All quotes are attached in the supporting documentation section.  
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Budget 

 

Quantity Item Cost/Unit Cost 

 Equipment 

10 Meta Quest 2 Headsets (128 GB) $328.89 $3946.68 

10 Dell Optiplex Plus 7000 series Desktops  $1398.00 $13,980.00 

10 NVIDIA GeForce RTX 3070 Graphics Card $499.99 $4,999.90 

10 250 GB Internal SSD  $50.00 $500.00 

10 Dell 22” Monitor  $190.00 $1900.00 

 Software 

10 
Lifetime License of TSC Simulation 

Software (Three-Phase Separator) 
$3,840.00 $38,400.00 

Total:  $63,726.58 
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