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Work-In-Progress: Virtual Reality for Manufacturing Equipment 

Training for Future Workforce Development

Abstract 

This Work-in-progress paper presents the pilot study of implementing a Virtual Reality (VR) 

environment to teach a junior-level Mechanical Engineering laboratory class at Prairie View 

A&M University. The target class is the manufacturing processes laboratory, which initially 

aimed to provide a hands-on experience with various manufacturing equipment. Providing 

students with systematic training followed by repetitive access to manufacturing equipment is 

required for longer knowledge retention and safety in laboratories. Yet, complications from the 

pandemic and other logistical events have negatively affected many universities' laboratory 

courses. The objective of this study is to examine the potential and effectiveness of the VR 

framework in engineering education. More specifically, this paper details the project's first 

phase, which includes the development and deployment of machining VR modules and 

preliminary outcomes. The VR module in this phase is based on the existing hammer fabrication 

project that requires the utilization of a milling machine, drill press, lathe, tap, and threading 

dies. A virtual replica of the machining laboratory was created using C# and the unity 3D game 

engine and published as an Android Package Kit (APK) for the META platform to be used in 

Oculus Quest 2 devices. The module is composed of three submodules, each corresponding to 

different hammer parts. These VR submodules replace traditional verbal and video training and 

are deployed in two semesters with 46 student participants. The student performance in project 

reports is compared with a control group for a quantitative assessment. Early conclusions 

indicate that the students remember the operation procedures and functions of equipment longer 

and are more confident in operating each manufacturing equipment leading to better quality parts 

and reports. 

 

Introduction 

The field of engineering design and manufacturing is experiencing a substantial paradigm shift 

across the globe due to the digitization of data, machine learning, and connected devices under 

the name Industry 4.0. The main focus of Industry 4.0 is optimizing automation and computer 

adoption from the third industrial revolution. Powerful computers that continually analyze the 

incoming data over the Internet are communicating with each other creating cyber-physical 

systems, the Internet of Things, and systems to drive the manufacturing sector equipped with 

advanced manufacturing technologies efficiently and effectively [1]. The product development 

framework is being redesigned for a streamlined process to accommodate these technologies and 

increase process automation. The importance of this trend is demonstrated by National Center for 

Defense Manufacturing and Machining (NCDMM) via National Additive Manufacturing 

Innovation Institute - America Makes to promote the collaborative efforts between industries, 

academia, government agencies, etc. [2].  

The rapid surge of digital concepts and technologies related to industry 4.0 is deemed to bring 

one of the most challenging tasks for engineering design and education [3]. The growing 

complication in advanced design and manufacturing requires engineers' profound understanding 



of innovative concepts from proper training and problem-handling skills. Young students in 

today's STEM field will soon face globalized, virtualized, automatized, volatile, and networked 

industries. Increased competencies and skillsets are required to meet the new needs induced by 

broader Industry 4.0 adoption in engineering [4].  

The importance of appropriate changes in engineering education and new learning of relevant 

technical and engineering topics have been emphasized in various studies [5, 6]. However, 

STEM education has not kept pace in adapting to the new trend from Industry 4.0, such as 

advanced engineering design, manufacturing, and their inter-relation into the classroom settings 

[7, 8]. In addition, the exciting development of new technologies has adjusted and sometimes 

revolutionized how people adopt knowledge and skills. Industry 4.0, with its radically new wave 

in smart manufacturing, connected devices, and data-driven design methods, has been the core 

area of government agencies' recent research. It demands the future workforce have relevant 

training, which requires updated curricula with effective teaching & learning methods [9].  

The overarching goal is to modernize the engineering laboratory experience and promote 

students' communication, life-long learning, and teamwork skills by providing a student-centered 

and evidence-based digital laboratory environment, as shown in Fig. 1. The authors will 

modernize a junior-level Mechanical Engineering Manufacturing Processes Laboratory course 

with three objectives; i) Virtual Reality (VR)-based smart factory development where the 

training and virtual operation of connected devices are possible, ii) include various additive 

manufacturing processes, and iii) infuse design methods for manufacturing to expose students to 

crucial relations between engineering design and manufacturing processes. To this end, this 

paper demonstrates the development and deployment of machining VR modules to improve 

students' hands-on experience environment and grant unlimited access to manufacturing 

equipment for repeated exercise for better long-time skill retention.  

 
Figure 1. The blueprint of course modernization for future workforce development. 

Deployment of the virtual environment has shown remarkable success in various clinical 

research, including surgeon training [10, 11], human rehabilitation [12, 13], and manufacturing 



for the automotive [14] and aerospace [15, 16] industry. VR adoption has been reported to be 

especially useful in classroom settings; it significantly increases students' interest and awareness 

levels [17], and 3D game-based, immersive VR and Augmented Reality (AR) motivate students 

to participate and interact with the course content [18-20] regardless of age. More recently, the 

VR modules were found to engage students via dynamic interaction with the necessary 

information for critical thinking [21], spatial reasoning ability [22], and 3D modeling [23], to 

name a few.  

At Prairie View A&M University, a hammer fabrication project (see Fig.2) involving the manual 

lathe, milling machine, and drill press had been traditionally used to train students with 

machining devices. Due to space limitations, limited equipment, staff, and safety requirements 

within the laboratory, relevant experiments were usually conducted in groups of 3~4 students at 

a time. This infrastructure gave each student minimal hands-on experience each week, perhaps a 

couple of minutes at maximum. The lack of hands-on experience in machining devices in the 

manufacturing processes laboratory classes was often discussed during exit interviews with 

graduating seniors. Additionally, while the students are exposed to various traditional subtractive 

manufacturing equipment, it is far from contemporary to prepare students for industry 4.0. 

Evidence-based learning components, which can help students' long-term knowledge retention, 

were also missing. 

 
Figure 2. Students fabricated a predesigned plastic hammer using a manual mill, drill press, and 

lathe (center three images). A detailed procedure to create this hammer is designed in a virtual 

environment. 

Research Design  

The VR app was published on the Meta platform to be used in Oculus Quest 2 VR headsets. This 

VR module, in the 1st phase of the work, replicated the hammer project previously described in 

collaboration with a third-party company using C# and the Unity game engine. The authors 

wanted to answer the research question: Does VR-based training improve student engagement, 

and if it does, to what degree? There are two VR modules; traditional machining processes 

(phase 1) and additive manufacturing (phase 2). The VR module for machining processes 

includes simulations of the milling machine, lathe, tap, and threading die and is divided into 

three submodules (see Table 1). 

Table 1. Structure of VR module for traditional machining processes using hammer project. 

VR module for machining 
Major simulations 

Submodules Parts to be fabricated Duration (min) 

Goal 1 hammerhead 10 milling machine, tap 

Goal 2 shaft 15 lathe, threading die 

Goal 3 handle 10 lathe, tap 



 
Figure 3. Left: VR app has modules for machining and 3D printing; Right: machining module 

has three submodules for each hammer part. 

 Long-term exposure to a virtual environment can also lead to other medical conditions, 

including stiff shoulders, eye strain, etc. The factors such as the level of immersive-ness and the 

length of exposure time play a role in cybersickness [24, 25]. The VR environment that 

participants of this study are going to experience will require minimum motion (hand-only 

operation) in a fixed position on the newest VR head-mounted display (Oculus Quest 2), which 

has been found to provide significantly less chance of cybersickness [26]. Due to these reasons, 

each VR submodule is designed to be less than 15 minutes, with most interactive activities 

designed to be completed by hand motion only. This way, the VR modules are deemed to pose 

minimum risk to participants. 

Traditionally, hammer fabrication was done over three weeks; each week was devoted to each 

hammer part. Actual machining was done right after safety training of manufacturing equipment 

and a verbal explanation of the procedure. The VR application was implemented into a class to 

replace the verbal explanation and the actual machining in an attempt to reinforce students with 

knowledge related to each equipment that can lead to better engagement and promote safety, as 

depicted in Fig. 4. The safety training, procedure explanation, and mock machining are done 

within the virtual replica of the machining laboratory. That is, the VR trainings were done during 

the designated class time using the Oculus Quest 2 devices. Yet, the students were encouraged to 

do the VR training outside the regular class time to ensure maximum access to the virtual 

training content which was nearly impossible previously. 

 
Figure 4. The VR app was implemented into a class to replace the traditional verbal safety 

training and procedure explanation. 

Implementation 

The module starts with instructions on how to navigate within the virtual space, along with the 

functions of each button. The VR module prompts the participants to log in with their full names, 

and this is to save students' performance and monitor the progress for future reference. It also 

discusses safety rules and regulations that must be obeyed in the machining laboratory. Once 

participants acknowledge their completion of instructions and safety briefing, they are moved to 



the virtual machining space, as shown in Fig 5. The virtual space is similarly designed to the 

actual machining laboratory, and the computer models of lathe and milling machines are created 

based on the real machines. Students get to observe the machine within the virtual space visually, 

and critical components of each machine are highlighted so that the students understand the 

function of each controller. 

 
Figure 5. Left: Victor 1660B Lathe and Webb 3VK milling machine, Right: Machining 

equipment in virtual reality. 

The VR module then reviews the engineering drawing of the corresponding hammer part, then 

prompts the user to measure and mark the essential dimensions of the starting workpiece using a 

dial caliper. For the hammerhead, as an example, the 0.86" marking (see Fig. 6, right) is 

necessary to indicate the reference for milling the tapered end of the hammerhead. The 

workpiece is moved to the milling machine and secured using the vise on the milling platform, 

which is controlled via X, Y and Z axis handles (see Fig. 7). 

 
Figure 6. Left: Engineering drawing of hammerhead, Center: Dimensioning of the starting 

workpiece Right: Marking the reference lines. This process allows students to comprehend the 

importance of the dimensions and prepare the workpiece for subsequent machining. 

 
Figure 7. Screenshots of virtual milling machine training (Goal 1). Key operations and 

functionalities include an on/off switch, spindle speed knob, vise, and X, Y, and Z axis handles. 



VR module for hammerhead fabrication includes the simulation of the vise, X, Y, and Z axis 

handles, on/off switch, etc. comprising seven distinct steps as shown in Table 2. No automatic 

machining takes place within the VR module and each student needs to complete the interactive 

tasks correctly in order to proceed to the next step. Once the students have options to repeat the 

desired step as necessary or take the built-in quiz to assess their understanding of the milling 

process. The quiz problems focus on features of the corresponding machine, workpiece 

preparation, and safety rules related to the current VR module (see Figure 8).   

Table 2. Procedure of hammerhead machining in the VR module for Goal 1. 

 Target tasks Simulation components used 

1 Introduction and review of VR device control  

2 Measurement and marking for milling dial caliper 

3 Mounting and securing the workpiece onto a mill vise 

4 Aligning the milling cutter for milling X-, Y-, and Z-axis handles 

5 Mill one end to create surface at 15° 
switch, custom fixture, 

X-, Y-, and Z-axis handles 

6 Mill another end to completed tapered end 
switch, vise, custom fixture,  

X-, Y-, and Z-axis handles 

7 Drill a hole and tap threads 1/2-13 tap, chamfering tool 

8 Built-in quiz  

 

 
Figure 8. VR app provides a built-in quiz for user assessment. Students have the options to 

repeat any key steps as necessary. 

Once the VR module was complete, the students were formed into smaller groups to machine 

using real manufacturing equipment, as shown in Figure 4. One of the most noticeable 

differences that the instructional team found is students' eagerness to operate the machine. With 

the traditional approach, the students were nervous about pressing buttons, controlling the levers, 

etc., since they knew the manufacturing equipment's high-powered and heavy-duty nature. 

However, with the VR modules, the students actively communicated each other to make sure 

they all understood the function of each component and how to control them before and while 

they were operating the equipment. 

The pilot version of the VR module for phase 1 (machining process) was implemented in the 

MCEG 3103 manufacturing processes laboratory in the FA 2022 semester. Including SP 2023 

semester, forty-six students used the VR module for the traditional machining process training. 

The app was also showcased in multiple outreach activities and regional meetings.  



Evaluation and Assessment 

The overall evaluation plan of this project has three focuses: in what directions and to what 

extent student participants' (1) content knowledge, (2) communication skills, (3) lifelong learning 

skills, (4) teamwork skills change (or evolve) over the course of their participation in the project 

activities. Authors are in the process of employing quantitative research methods to explore the 

changes in those outcomes [27]. The characteristics of the students' communications with one 

another in the online forum and students' lived experiences in their project activities will also be 

explored and documented. Qualitative research methods [28, 29] to explore the students' online 

communication characteristics and their lived-experiences in the project activities will be used.  

More specifically, the following three questions will be asked for the internal evaluations: 

1. What are the effects of the students' participation in the online forum on their content 

knowledge and communication, lifelong learning, and teamwork skills? 

2. What are the characteristics of the students' interactions in the online forum? 

3. What are the students' lived experiences in the project activities (including VR and online 

forum discussions)? 

Students will be asked to complete the lifelong learning and teamwork scales early in the 

semester and at the completion of the semester. The pre- and post-test score differences will be 

computed. For control purposes, the project team will collect data from students who do not 

participate in the activities (SP 2022 semester). Their content knowledge will be quantified 

through their regular exams and final grades, followed by completing the demographic 

questionnaire. A quasi-experimental pre- and post-test study design will be employed to find the 

differences between control and experimental group students' lifelong learning and teamwork 

skills. Statistical tests (e.g., ANOVA, Effect size, t-test) will be run to explore the impact of the 

project activities on changes in students' skills received across their demographic characteristics. 

As a preliminary study, the content knowledge from a control group (SP 2022 semester) and the 

pilot group (FA 2022 semester) is compared via students' performance related to the hammer 

fabrication project. Homework assignments were designed to require the detailed step-by-step 

procedure of hammer part fabrication along with the CAD model and engineering drawing based 

on the fabricated hammer part's dimensions. Three separate assignments were given to students 

corresponding to each hammer part, followed by a final report, a compilation of the three prior 

homework assignments. For both control and pilot groups, the final report was assigned after all 

previous homework assignments were graded with feedback from the instructional team. This 

means that both groups were assessed consistently. The following graph compares the 

assignment grades between the control group (without VR) and the pilot group.  

There were 29 students in the control group and 21 in the pilot group. The enrollment decrease in 

the pilot group was due to the number of VR devices and the space for VR activities. It should be 

noted that the students who missed at least two assignments and dropped the course have been 

excluded from this comparison. The number of students who were excluded from this analysis 

was three and two, respectively, for the control and pilot groups. The exact values of the 

assignment grades were tabulated in Table 3. 

 

 



Table 3. The average grade on homework assignments before and after the VR module 

implantation. The value in the parenthesis is the standard deviation. 

 
Control Group 

(SP22 semester) 

Pilot Group  

(FA22 semester) 

Percent 

Improvement 

Homework 1 (Head) 66.56 (32.10) 78.05 (14.34) 17.27 

Homework 2 (Shaft) 67.42 (37.91) 76.52 (14.38) 13.51 

Homework 3 (Handle) 77.08 (16.41) 80.89 (14.36) 4.94 

Homework 4 (Final Report) 77.32 (15.43) 90.56 (5.54) 17.15 

 

 
Figure 9. Grade comparison between the control group (without VR) and the pilot group on 

relevant assignments. 

The result of this preliminary study shows that the pilot group with the VR module training 

received consistently better grades on the relevant assignments. This indicates that the students 

with VR training have better content knowledge. In addition, a consistently smaller standard 

deviation in the pilot group compared to the control group means the grade gap between the 

better- and less-performing groups has reduced. This could be interpreted that the VR module 

brought a positive impact on the learning environment by improving student engagement. In SP 

2023 semester, the complete VR module has been employed along with the 2nd phase 

implementation (additive manufacturing modules). The evaluation infrastructure that will allow a 

quantitative study of the impact on students' lifelong learning and teamwork skills has been 

established. The subsequent findings from this study will be reported via future publications. 

Conclusions and Future Work 

Learning to operate manufacturing equipment necessitates providing students with systematic 

training followed by repetitive access to manufacturing equipment for longer knowledge 

retention and safety in laboratories. This study used a virtual reality platform to replicate the 

current manufacturing laboratory with the functioning machining equipment (e.g., lathe, milling 

machine, tap, threading die, and 3D printers). Previously VR-based trainings have shown to 

minimize potential future risks in dangerous job training [30], fire fighter training simulator [31], 
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medical skill training [32, 33], etc. Similarly, this VR app allows dynamic interaction and 

drastically minimizes injury risk since it eliminates the direct contact with moving parts of high-

powered machines. The VR training modules replaced the traditional verbal training process in 

junior-level Mechanical Engineering manufacturing laboratory courses. This way, students can 

mock machining before facing the actual manufacturing equipment. Instructors have identified a 

few important findings from this study, i) students with VR training are eager to operate the 

machine compared to nervous and scared students in the control group, ii) this proactive course 

participation leads to consistently better performance (up to 17% in homework 1 and the final 

report) in assignments. The decreased standard deviation indicates fewer students struggled, 

which is another positive benefit of VR modules. The interactive learning via the VR platform 

stimulates the students' interest but also improves students' willingness to solve relevant 

problems in the course. The preliminary study shows promising results, encouraging the usage 

and scaling up of VR platforms in other engineering courses and disciplines. We plan to invite 

students who participated in this study for short interviews after a certain time frame to assess the 

impact of VR modules on long-term knowledge retention. Currently, in the Spring 2023 

semester, a VR module on additive manufacturing and additional group project assignments that 

incorporates online forum (assessment items #1 and 2) is implemented into the laboratory class. 

Additional findings and significance from this study will be reported to the community via 

follow-up publication. 
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