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Abstract—Project MANEUVER (Manufacturing Education 
Using Virtual Environment Resources) is developing an 
affordable virtual reality (VR) framework to address the 
imminent demand for well-trained digital manufacturing (DM) 
technicians. MANEUVER project has a set of MOOC (Massive 
Open Online Course) video contents that provides a process of 
setting up local VR server, navigating inside 3D environment, 
interacting with 3D objects, simulating CNC machines and 
different 3D printer models. The previously stated topics are 
the list of successfully created MOOC videos that have been 
deployed on the project MANEUVER website. MANEUVER is 
developing an innovative multi-modal VR framework for DM 
instruction. Using a "train-the-trainers" approach, a replicable 
faculty development model is being developed for secondary 
and post-secondary institutions. By addressing regional and 
national entry-level needs of the workforce, the project benefits 
society and contributes to national economic progress and 
prosperity.
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I. INTRODUCTION

There is an imminent need to remedy the ‘skills gaps’ in 
the digital manufacturing (DM) sector. According to the 
Bureau of Labor Statistics [3], projections estimate a decline 
in traditional manufacturing jobs accompanied by marked 
growth in digital- and computer-driven manufacturing jobs.
With proven advantages such as cost benefits, material 
conservation, minimized labor, and enhanced precision, 
manufacturing industries worldwide are adapting to DM
standards on a large scale.  In an effort to remedy the lack of 
well-defined DM career pathways and instructional 
framework, our National Science Foundation Advanced 
Technological Education (NSF ATE) project MANEUVER 
(Manufacturing Education Using Virtual Environment 
Resources) is developing an innovative pedagogical 
approach using virtual reality (VR).  

Project MANEUVER is developing an affordable VR 
framework to address the imminent demand for well-trained 
DM technicians. Over half of the 3.5 million required 
manufacturing positions in the US are expected to go unfilled
[8]. Employment projections show a decline in conventional 
manufacturing jobs with marked growth in DM jobs. This 
VR instructional framework, targeted at two and four year 
programs, will not only advance the field of DM, but will 
also strengthen education by remedying the lack of clearly 
defined career/educational pathway(s) for entry-level DM 
technicians.

The word MOOC refers to Massive Open Online Courses 
and it has now a popular tool used for online learning. 
MOOCs provide education to a multitude of people across 
the planet - usually without cost. Given that all MOOCs 
suffer from a rapid drop-off in numbers during the course, 
educators need to consider how to uphold the interest of the 
students and audience [18]. Educators needs to be more 

actively involved in a MOOC, thereby having a general 
understanding of what works and which platforms are 
appealing. 

MOOC is a video tutorial that is designed and created for 
a massive open online interactive course for students to learn 
new skills outside a typical classroom setting by having more 
interaction and cooperation with other students in an open 
digital environment.

MANEUVER project has a set of MOOC video contents 
that provides a process of setting up local VR server, 
navigating inside 3D environment, interacting with 3D 
objects, simulating CNC machines and different 3D printer 
models. The following are the list of successfully created 
MOOC videos that have been deployed on the project 
MANEUVER website: 

• Setting Up Local VR Server
• Navigation in 3D World
• Interacting with 3D Objects
• Simulation of CNC Machine
• Simulation of 3D Printers
• Simulation of FDM Technology
• Simulation of Binder Jetting
• Setting Up Dell Visor Headset

MANEUVER is developing an innovative multi-modal 
VR framework for DM instruction. This framework 
decouples the 3D DM database from functionalities, thus 
giving the instructional designer access through immersive, 
augmented, and desktop VR. Instead of pairing 
functionalities with the VR database, which prevents access 
by other modes, the decoupled approach allows for mode-
independent approach, facilitating affordable access and 
broader implementation. 

The resultant curricular modules can be replicated for use 
on multiple machines without additional costs. During 
manufacturing process training, VR tools serve as a viable 
alternative offering a cost and material-efficient solution. 
Industry standard software and hardware is being used to 
develop and deliver advanced DM exercises for instructional 
and training purposes. Using a "train-the-trainers" approach, 
a replicable faculty development model is being developed 
for secondary and post-secondary institutions. 

The curricular moduli were implemented at a summer 
workshop to test the effectiveness of the material and provide 
feedback on how to best distribute the curriculum. By 
addressing regional and national entry-level workforce 
needs, the project benefits society and contributes to national 
economic progress and prosperity.
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II. BACKGROUND AND RELATED WORK

DM offers advantages such as cost benefits, material 
conservation, minimized labor, and enhanced precision.  
“Digital manufacturing uses a 'digital thread' to link every 
phase in the manufacturing lifecycle, from early stages such 
as design through to sale and service. The goal of digital 
manufacturing is to provide manufacturers with better insight 
at critical decision points to avoid costly errors, gain 
efficiencies and be able to respond to customer and market 
demands in a more agile manner” [10]. At present, there is 
no clearly defined career or educational pathway for 
preparing technicians with DM skill set(s). Hence, there is a 
clear and imminent need to educate and train our future 
workforce with the skills required to avail the opportunities 
from the DM boom. An economic and efficient way to 
accomplish this will be to ‘train the trainers’ that deliver 
technician education. Advances in DM technologies have 
revolutionized key aspects of manufacturing including 
design, development, testing, etc.

The Deloitte Review points out a concern that is relevant 
in this context: “A skills gap is the US manufacturing 
sector’s Achilles’ heel, with nearly 3.5 million jobs at stake 
over the next decade [8]. It is no longer a short-term issue of 
filling current hard-to-fill open positions, or one that can 
reasonably be expected to be solved in time by government 
policy-makers.” The following excerpt from EMSI (2015) is 
especially relevant from the perspective of ‘training-the-
trainers’: “According to EMSI quarter 2 data it is projected 
that between 2016-2025 there will be over 21,000 new high-
tech manufacturing/computer based jobs within Chicago and 
Northwest Indiana, region 1. Providing highly specialized 
digital manufacturing “train the trainer” style professional 
development will aid in creating a fluid pipeline of entry-
level technicians to fill the large number of projected future 
opportunities.” 

Figure 1: BLS employment projection from 2014 to 2024 
in manufacturing sector.

As seen in Figure 1, the employment projections from 
2014 to 2024 show a decline in conventional manufacturing 
jobs accompanied by marked growth in digital- and 
computer-driven manufacturing jobs [3]. The Bureau of 
Labor Statistics has projected a 7% decrease in the traditional 
manufacturing workforce (814,100 jobs) from 2014 to 2024. 
Meanwhile, the U.S. digital manufacturing industry is 
estimated to grow by 7.55% from 2015 to 2019 [17].

An insightful observation made more than a decade ago 
about barriers to learning is still relevant to our current 
challenge pertaining to digital manufacturing instruction. 

Wohlers Report stated, “the most significant barrier to 
realizing new applications and powerful benefits is the 
tendency to resist change [19]. Established processes and 
procedures (in Rapid Prototyping) are difficult to displace.” 
This may also be equally applicable to academic scenarios 
involving digital manufacturing instruction. Academic 
institutions as well as instructors may resist adapting to the 
new technologies because of: (1) The unwillingness to depart 
from traditional manufacturing concepts; and (2) The lack of 
awareness of the benefits of DM.  

With due consideration to the issues and concerns 
discussed and considering the imminent need for well-
trained technicians to match the demands of the 
manufacturing industry, interactive VR-based tools can be 
quite effective in stimulating interest and reducing cognitive 
load [4,9].

III. METHODOLOGY

MANEUVER project has a set of MOOC video contents 
that provides a process of setting up local VR server, 
navigating inside 3D environment, interacting with 3D 
objects, simulating CNC machines and different 3D printer 
models. The info graphic below gives a brief description of 
the main parts of a MOOC, all figures made in Photoshop 
exclusively for this paper.

Figure 2. MOOC Infographic

With the technology available now, people have more 
tools and options to provide education. Students are not 
bound to the same limitations of time and space as before 
due to online classes, video calls, and other online services 
offered by universities. Due to this change in options, more 
students have the ability to perform class work and 
communicate from almost anywhere on earth, and with more 
flexibility to schedule their activities. It is due to this trend, 
that MOOC has been so successful and garnered much 
attention [12].

Student reception to MOOC courses has been mostly 
positive. Students have listed knowledge, work, convenience, 
and personal interest as the main reasons for joining a 
MOOC course. And lack of time was listed as their main 
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reason for hesitating to take a MOOC [18]. This suggests that 
the time and flexibility to complete work is the main reason 
that students are attracted to MOOC.

The first MOOC course emerged in 2006, offered by 
HASTAC [7], before the term MOOC was officially created 
by Dave Cormier [6]. Currently, new MOOCs are coming 
out on a weekly basis from major universities with a range of 
course providers. Wayne Whiteman, PhD, Senior Academic 
Professional, Georgia Tech, reported that many instructors 
are using MOOC material to “flip” or “blend” their 
classroom learning experience. In this model, students study 
MOOC material prior to class attendance, and then 
participate in more advanced discussions and problem 
solving in the class setting. There is a lot of research, 
currently being conducted regarding the efficacy of these 
flipped/blended learning styles. In addition, Whiteman 
informed that he is using this technique in his current classes. 
And, although he has not done any detailed research, his 
experience has been quite positive [16].

What separates a MOOC video from a regular normal 
video seen on the web is how they are structured to interact 
with students. Traditional videos only serve to instruct on a 
clearly defined topic, going through a process or 
explaining/condensing a particular lesson that is 
accompanied, followed by a quiz to test the students’ 
knowledge. MOOC videos can also interact with students by 
giving them tasks and activities that relate to the course or 
specific lesson being taught in several ways:

• Relating the topic to a real or current topic that they 
can choose

• Have students create their own work that is related 
to the course.

• Provide discussion and student to student feedback
For example, after watching a video on how to use a 

Photo shop tool, the students will then be asked to create 
their own images using said tool. After the students finish 
their work, they will share their designs on the MOOC 
course for other students to see and evaluate. This allows 
them to see the work of others, discuss ideas and opinions, 
and be able to learn from each other. The figure below lists 
the major advantages MOOC provide, that we have just 
discussed.

Figure 3 Benefits provided by MOOCs

It is due to this interactive element, that MOOC is able to 
get the attention of students and provide instruction in a fun 
and interesting manner [5]. Larger MOOC courses that are 
accessible 24 hours a day have a good chance of at least one 
person using the site. This allows a multitude of people, with 
different learning styles, to communicate with each other at 
any time [14].

When Duke University ran their first MOOC course, it 
took them 600 hours of work and had over 12,000 students 
sign up from over 100 countries [2]. Duke stated that the 
motivations for being beginning with MOOC were 
promoting teaching and learning experimentation, global
outreach, and enhancing the universities reputation [1].

Although the course started with so many students, 
throughout the semester there was massive fallout of students 
after the first week. Due to the massive size MOOC courses 
can accommodate, it is very easy for students to sign up, but 
will be unable to satisfy the needs/wants of so many 
individuals [13]. However, despite this issue the MOOC 
course was still able to maintain involvement from over 1000 
students every week, and was still able to provide a course 
that hundreds of students were able to complete.

MOOC videos require a large amount time, some times 
more than one or two weeks doing video presentations for 
one course. Each week of video can have around two to 20 
segments, each one nominally 10 minutes in duration. These 
videos should be similar in style or creation from those used 
in classes; the difference here is that the goal is to create 
them all in advance of the course’s beginning, to have them 
organized on servers and to have them become available to 
students at fixed dates and times [1].

While research on MOOCs’ is still ongoing, some studies 
have provided evidence for the effectiveness of MOOCs’ as 
a teaching tool. Research was performed to test the viability 
of MOOC as a platform to teach Japanese, and was found to 
be very effective [11]. The study also suggests that MOOC 
teaching can also be effective in other fields.

Another study found MOOC was also an effective 
manner to train researchers in developing countries [15].
Results showed that the MOOC courses were able to 
maintain a substantia number of students engaged with peer 
assessment activities and social learning aspects. Participants 
also reported increased confidence due to involvement with 
the activities performed. The study also noted that female 
learners were more active and more likely to finish the 
course. 

Continues advancements are still being made studying 
MOOC and how to better utilize it as a training tool. One 
emerging area is using VR in combination with MOOC to 
maintain student involvement and increase immersion. A 
framework for incorporating VR and MOOC was created in 
a recent study [20] and the analysis found that this model of 
teaching can combine the advantages of face-to-face 
classroom teaching and online learning to achieve the 
optimal teaching effect.

IV. MOOC TRANING MODULES

The MOOC training modules that have been developed 
for DM education are: 

1. Additive manufacturing (AM) product comparison.
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2. Direct digital manufacturing with computer numerical 
control (CNC) machine.

3. Virtual product assembly.

These topics were selected based on the survey and study 
described in the previous section. Comparing different AM
products and technologies, students will note the similarity 
and dissimilarity between designated printed parts by AM
machines available from three different companies, e.g., 
LutzBot™, FormLabs™, and UPrint™. The 3D printing 
technologies that employ these machines are Fused 
Deposition Modeling (FDM) technology (LutzBot™, and 
UPrint™) and Stereolithography technology (FormLabs™). 

The VR learning modules, simulating different AM
technologies, will provide students with materials and 
equipment needed to create the same part on three different 
AM machines. Students can utilize three different types of 
equipment to understand that the same technology can be 
demonstrated in different processes and still produce a 
similar product.  Figure. 4 below shows the simulation of 
three popular 3D printing devices namely UPrint™, 
LutzBot™, and FormLabs™, from left to right.

Figure 4. MOOC training video of three 3D printing 
machines (UPrint™, LutzBot™, FormLabs™)

This section discusses the simulation of one major 
subtractive DM machinery: computer numerical control 
(CNC) machine. Both AM simulation and CNC simulation 
were developed in Unity3D game engine. To simulate the 
virtual CNC milling process, three game development 
techniques were employed including a NavMesh system, a 
mesh collider and a Mesh voxelizer. The mesh voxelizer will 
pre-process the final 3D model of product to be 
manufactured, and subdivide the mesh into thousands of 
small cubes. The mesh collider will determine if the drill 
head touches individual voxelized cube based on the drill 
head movement. If the drill head touches the cube, the 
touched cube will be removed from the scene, thus 
simulating the subtractive manufacturing (SM) effect. The 
NavMesh system utilizes built-in Artificial Intelligent (AI) 
pathfinding system. The final output mesh would be marked 
as a non-walkable agent, meaning the moving milling head 
would avoid touching it. The remaining area to be carved out 
would then be procedurally baked for NavMesh movement. 
Alternatively, the final mesh in the center can be defined as a 
step, meaning the AI drill bit would move over it while 
moving up vertically. This would give the appearance of the 
drill bit excluding the mesh while still moving in a 
normalized and predictable pattern. One possible movement 

path would be to have the drill bit move left and right in rows 
while moving up each time that a row is completed. The 
destination point of the NavMesh agent can be dynamically 
set via coding. 

Figure 5. MOOC training module of Virtual CNC 
Milling Simulation

The third topic for MOOC training module is virtual 
product assembly. DM parts from either AM or SM need to 
be assembled to become a product. Currently, the virtual 
assembly process was implemented using simple 3D 
geometric shapes to focus on the user interaction with virtual 
3D parts. A user can also import a digitally created 3D part 
file to be assembled with another part. Figure 6, shows three 
main functionalities of virtual product assembly process. A 
user can use the ‘W’, ‘A’, ‘S’, and ‘D’ keyboard key to move 
and navigate a 3D scene. A keyboard shortcut key ‘I’ can be 
used to import the mesh that represents a DM 3D part. 
Keyboard shortcut key ‘E’ will be used to pick up and move 
a 3D part to a new location to assemble with other 3D parts.

     

Figure. 6.Interaction with 3D Parts for Virtual Assembly

V. RESULTS AND DISCUSSION

The MOOC training modules were used as part of a 
summer workshop to test their efficiency. All the participants
were able to experience the simulations and provide 
feedback of their experience. All 16 of the participants 
responded, and then their scores for the workshop were 
calculated and averaged. All the areas received scores of 
moderate to high, with most participants showing a favorable 
outlook of the material presented. The table below shows the 
average scores of all aspects of the workshop. 
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TABLE I. PRE SUMMER WORKSHOP SURVEY

Pre Workshop Survey Questions (n=16) Score (1 to 5)
1: Least 5:Most

To what extent you are engaged with the local 
manufacturing industry? 3.25

To what extent are you knowledgeable about 
digital manufacturing (DM)? 2.00

To what extent are you knowledgeable about 
virtual reality (VR)? 2.13

To what extent is your administration supportive 
of a DM-VR curriculum? 3.06

TABLE II. POST SUMMER WORKSHOP SURVEY

Post Workshop Survey Questions (n=15) Score (1 to 5)
1: Least 5:Most

After the training, to what extent do you consider 
yourself knowledgeable about digital 
manufacturing (DM)?

3.92

After the training, to what extent do you consider 
yourself knowledgeable about virtual reality 
(VR)?

3.92

How would rank the quality of the workshop 
materials? 4.17

How would rank the quality of the workshop 
presenters? 4.58

How would you rank the VR equipment for 
delivering the VR and DM instructional 
modules?

4.25

Based on the training you received how likely 
you will recommend the next year’s 
MANUEVER workshop?

4.67

How would you rank the overall effectiveness of 
the training? 4.25

Workshop logistics, support, and information 
were timely, useful, and thorough. 4.67

Training objectives were clearly defined, the 
training objectives were met, and the topics 
covered were relevant to the profession.

4.33

The quality of logistic and administrative support 
had a positive impact on the experience. 4.83

The training materials/handouts distributed were 
helpful, and the facilities were adequate and 
comfortable.

4.75

15 participants would recommend the workshop to their 
colleagues. The reason the rest of the participants did not 
recommend it is because they wanted more interaction and 
directions during the workshop. However, all participants did 
believe that the curriculum could be disseminated to high 
schools and colleges in some form similar to the workshop. 
The interaction and group aspects of the workshop are the 
elements the participants believe should be the most 
emphasized, especially when the curriculum is later 
distributed to other schools.

In the next sections, we will show simulations of 1 major 
SM example and 3 popular examples of AM machines. For 
the AM comparison module, the simulation presented results 
of two distinct 3D printing technologies: FDM and 
Stereolithography. For the FDM technology simulation, a 
pre-imported mesh was used to test the functionality of the 
3D printer system with the LutzBot™ 3D printer. However, 
it is required that users be able to import their own models to
see how the process works. In order to accomplish this, the 
same basic system from importing in the ideation scene was 
used. In this system, a model is loaded from the local 
directory and placed in an empty game object in the scene. A 
new empty game object prefab was created for the printer 
scene since this required a different material than the models 

imported in the previous scene. The simulation result of 
FDM with LutzBot™ 3D printer is shown in Figure. 7.

Figure 7.  Simulation of Fused Deposition Modeling 
Technology with LutzBot™ 3D Printer

To simulate Stereolithography technology, FormLabs™ 
3D printer requires a new script for handling the motion of 
the printer. Unlike the FDM based 3D printer (and other 
standard filament printers) the FormLabs™ 3D printer 
creates material with polylactic acid (PLA) resin rather than 
strings of plastic filament. PLA can be derived from renew-
able sources such as starch and sugarcane, or food packaging 
and bottles. Recycled PLA can be winded onto 
biodegradable spools to lower the cost of the 3D printing 
process and mitigate the harmful effects on the environment 
[21].

Figure 8.  Simulation of Stereolithography Technology 
with FormLabs™ 3D Printer

The motion consists of a printer head attached to the 
printer mesh which gradually pulls the mesh out of the vat of 
liquid. A scraper moves along the liquid to level it when the 
printer head is raised and a laser solidifies the material when 
the head is down and in the correct position. In order to 
create the motion of parts stopping and waiting for other 
parts, a co-routine was used. Co-routines are functions which 
run parallel to the main program and do not stop the 
functioning of the main program while loops are running. 
One can include a return inside of loops to cause only one 
iteration to run each frame. It also has return functions for 
waiting where after a defined number of seconds, the co-
routine will resume running. Two different routines are used 
for the printer head and scraper. The scraper will only move 
while the head is moved up and is waiting to move down 
again. The laser motion runs when the FormLabs™ 3D 
printer head is down. It generates a random position within 
the printer bounds to simulate the rapid jumping around of 
the real printer. A co-routine is run with wait functions, 
albeit very fast ones, to change the position every tenth of a 
second (6 frames) rather than every frame. Figure 8, displays
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the simulation result of Stereolithography technology with 
FormLabs™ 3D printer.

The last simulation presented shows the result of the 
CNC milling process using NavMesh system and Mesh 
Voxelizer script. This script is able to display the changing 
condition of the materia as it goes thought he milling 
process, in order to better replicate the real world process. 
Figure 9, shows CNC machinery simulation.

Figure 9. Simulation of Computer Numerical Control 
Machinery

VI. CONCLUSIONS

This paper creates MOOC training modules to DM-
pathway for small manufacturing organizations as well as 
those companies and educational institutions that cannot 
afford to establish a lab with physical equipment. MOOC is 
an additional way to connect students with potential careers, 
specifically within AM. This project employs an innovative 
pedagogical approach using multi-modal VR for DM 
instruction specifically targeted at 2-year Associate degree 
programs. Currently, there is no clearly defined career and 
educational pathway(s) for preparing entry-level technicians 
in DM. The faculty partners will capitalize on prior 
experience in VR and manufacturing projects to design user-
friendly DM instructional modules. Based on successful VR 
modules developed/presented/published earlier by the faculty 
partners, this paper created MOOC training modules for each 
VR application. By addressing regional and national entry-
level workforce needs; the project benefits society and 
contributes to national economic progress and prosperity. 
Students will learn in a flexible and engaging manner, from 
anywhere and at any time. This method will help satisfy the 
needs of students in our modern world due that requires more 
connectivity and accessibility. 17
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