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Chapter 6

Virtual Learning Environments 
for Manufacturing

Hamed F. Manesh
Eastern Mediterranean University, Turkey

Dirk Schaefer
Georgia Institute of Technology, USA

ABSTRACT

Since the advent of globalization, the manufacturing industry has been subject to continuous pressure of 
competition. Products have to be developed faster than before, with equivalent or higher quality, and at 
significantly lower cost. Whilst modern manufacturing systems provide the technological edge to meet 
these challenges, one tends to forget that education and training of the workforce also has to be kept 
up-to-date. Only a workforce that is familiar with the latest advancements in the manufacturing sector 
and well trained in the use of state-of-the-art technology and tools will be able to effectively face the 
competition. Although fundamental education and training may have been provided by the academic 
sector, employees need to continue developing their professional skills and competencies throughout 
their entire professional life. One potential approach to education and training of engineers in the manu-
facturing sector is the utilization of Virtual Learning Environments (VLEs). Such VLEs are currently 
widely used for fundamental engineering education in academia, but they also hold a huge potential 
for successful deployment in distributed corporate settings. Manufacturing-related VLEs may provide 
employees at all sites of a company across the globe with an affordable and safe environment for educa-
tion and training, ranging from the fundamentals of modern manufacturing to expert level training in 
manufacturing process planning and simulation, without any need for, or cost of, physical equipment, 
materials, tools or travel. In this chapter the authors discuss how Virtual Learning Environments (VLEs) 
for manufacturing-related education and training can be utilized in the corporate sector.

DOI: 10.4018/978-1-61520-619-3.ch006
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INTRODUCTION

In his bestselling book The World is Flat author 
Thomas L. Friedman (Friedman, 2006) points out 
that “Globalization has collapsed time and dis-
tance and raised the notion that someone anywhere 
on earth can do your job, more cheaply”. This 
certainly applies to the manufacturing industry, 
which is increasingly becoming a commodity. 
In recent years the manufacturing industry has 
been strongly impacted by globalization, which 
has resulted in increased global competition. 
This manufacturing competition has acted as a 
driving force for the application of new, related 
technologies in industry. In order to sustain their 
competitiveness, companies need to be able to 
adapt quickly to rapidly changing conditions of 
both the market and their competitors at reduced 
cost and at least equivalent or better quality.

While modern manufacturing systems may 
provide the technological means to face the 
above challenges, one also needs to bear in mind 
that the workforce which utilizes these systems 
has to keep up with the latest advances through 
education and training. Current students, i.e., the 
workforce of tomorrow, usually receive funda-
mental manufacturing-related education and basic 
training through engineering degree programs. For 
more senior employees this education and training 
often has to be acquired through participation in 
continuous professional development programs. 
What is missing today is an effective means to 
provide employees of manufacturing companies 
with continuous education and training oppor-
tunities on-the-job, within their corporations, 
and around the globe. An interesting question 
to explore with regard to manufacturing-related 
education and training is: “Where are we now, 
and where are we heading?”

While some universities may be able to ex-
pose their students to the latest manufacturing 
systems and technologies, others may not be that 
fortunate, due to lack of financial resources. For 
the latter, alternative avenues for providing their 

students with equivalent education and training 
have to be developed. A potential response to 
this call is the adoption of advanced computer 
technology to facilitate the provision of flexible 
manufacturing-related education and training 
programs. To date many studies have shown that 
the use of computers for teaching and training 
purposes is feasible and rapidly becoming an 
integral part of the general learning process. It 
has also been confirmed that recent advances in 
information and communications technologies 
have positively influenced and changed the eco-
nomics of engineering education (Hashemipour 
et al., 2009). These advances can be exploited as 
a powerful vehicle for educators to develop IT-
enabled learning environments for manufacturing 
that utilize simulation, automated data acquisition, 
remote control of instruments, rapid data analysis, 
and video presentations. Computer applications 
related to simulating manufacturing processes 
have shaped a field which is currently known as 
Virtual Manufacturing (VM).

An additional Computer Science field that 
increasingly plays an important role in Virtual 
Manufacturing, as well as associated educational 
activities, is Virtual Reality (VR). VR environ-
ments are synthetic environments, which provide 
a sense of reality and an impression of ‘being 
there’. They have been increasingly employed in 
various design and manufacturing applications, 
including computer-aided design (CAD), tel-
erobotics, assembly planning, and manufacturing 
system visualization and simulation. VR shows 
great potential for analyzing and investigating 
manufacturing processes prior to producing any 
physical artifacts. As a result, such environments 
help reduce operational expenses through reducing 
the number of physical prototypes and mistakes 
made. With regard to training the manufacturing 
work force, many studies have emphasized the 
potential of VR technology for education and 
training purposes. Empirical data has been col-
lected on the relative success of VR in terms of 
instructional effectiveness, as well as the transfer of 
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skills to the real world (Hashemipour et al., 2009). 
The utilization of Virtual Learning Environments 
(VLEs) in manufacturing is considered to be one 
of the most promising ways of providing a safe, 
cost-effective, and flexible environment for train-
ing and education in manufacturing.

Although such VLEs are more common, and 
more widely used, for fundamental engineering 
education in academia, they also have a huge 
potential for successful deployment in distributed 
corporate settings. Through such VLEs employees 
at all sites of a company across the world may be 
provided with an affordable and safe environ-
ment for education and training, ranging from the 
fundamentals of modern manufacturing to expert 
level training in manufacturing process planning 
and simulation, without any need for physical 
equipment, materials, tools, or travel. However, 
as discussed earlier, such Virtual Learning Envi-
ronments for Manufacturing are currently more 
predominant in academic settings and not yet 
readily available for industrial settings. Hence 
much remains to be done to replicate their suc-
cessful implementation and utilization in the arena 
of corporate education.

This chapter presents a review of the cur-
rent state of, and developments in, both virtual 
manufacturing and associated Virtual Learning 
Environments for manufacturing-related educa-
tion and training. In addition to technological 
realization aspects, infrastructure and equipment, 
the authors focus on educational paradigms and 
instructional techniques required to implement 
and utilize such Virtual Learning Environments 
both effectively and efficiently. Key differences 
between academic and corporate settings are dis-
cussed, and guidelines for the development and 
implementation of Virtual Learning Environments 
for manufacturing-related education and training 
in distributed corporate settings are proposed.

VIRTUAL REALITY AND 
VIRTUAL ENVIRONMENT

It is difficult to define the term Virtual Reality 
(VR) in a precise manner because it is often used 
in different contexts. A very general definition 
was given byAukstakalnis and Blatner (1992): 
“Virtual Reality is a way for humans to visual-
ize, manipulate and interact with computers 
and extremely complex data.” However, many 
other definitions can be found in literature, for 
example,Manetta and Blade (1995)define VR as: 
“A computer system used to create an artificial 
world in which the user has the impression of be-
ing in that world and with the ability to navigate 
through the world and manipulate objects in the 
world”. Similarly,Sherman and Judkins (1992)
offer: “VR allows you to explore a computer 
generated world by actually being in it.”

In this chapter we leverage the above definitions 
of VR and define a Virtual Environment (VE) as 
“a computer graphic system that allows a user 
to act in a synthetic, computer generated inter-
active 3D world”. In other words, a simple VE 
is a computer system, which generates a virtual 
3D environment with which a user can interact 
and receive real-time feedback (Normand et al., 
1999). In contrast to conventional visualization 
systems, a VE is an interactive virtual image 
displayed in such a way that a user may become 
an active part of a rendered scene. Most VR/
VE system configurations fall into three main 
categories and each category can be ranked by 
the sense of immersion, or degree of presence, it 
provides. These categories are: fully-immersive 
system, semi-immersive projection system and 
non-immersive (desktop) systems (Mujber et al., 
2004). A comparison is presented inTable 1.

Fully-immersive VR systems provide a feeling of 
depth which is mainly created by techniques such 



92

Virtual Learning Environments for Manufacturing

as head mounted display (HMD), Stereoscope 
Projection and Retinal Projection. In recent years 
advancements in computer technology and ani-
mated Computer Aided Design (CAD) have made 
it possible for VR technology to be ported down to 
personal computer platforms as semi-immersive 
and non-immersive (Desktop-VR) systems and 
hence provide the possibility of harnessing immer-
sive and interactive environments (Figure 1).

A 3D virtual world can be displayed on a con-
ventional desktop monitor, without use of any 
specialized movement tracking equipment, 

through desktop-based virtual reality systems. For 
instance, many modern computer games, using 
various triggers, responsive characters and other 
such interactive devices, make the user feel as if 
they were in the virtual world. A common criticism 
of this form of immersion is that there is no sense 
of peripheral vision, limiting the user’s ability to 
know what is happing around them (Methods of 
virtual reality, 2008). The operator may interact 
with the virtual world through a mouse, keyboard 
or three-dimensional (3D) trackers.

Desktop VR systems play an increasingly 
important role in the commercial world, offer-
ing an affordable solution that displays a virtual 

Table 1. Types of VR Systems (adapted from Mujber et al., 2004) 

VR System Fully Immersive VR Semi-Immersive VR Non-Immersive VR

Input Devices Data Gloves and Voice Commands Joystick, Spaceballs,  Data 
Gloves

Mouse, Keyboard, Joystick, 
Spaceball

Output Devices Head Mounted Display, CAVE Large Screen Monitor or Projec-
tion Systems

Standard Monitor

Resolution Low-Medium High High

Sense on Immersion High Medium-High Low

Interaction High Medium Low

Cost Very Expensive Expensive Lowest

Figure 1. A desktop VR system
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environment on a conventional desktop PC in a 
non-immersive manner (Rooks, 1999). In many 
cases Desktop-VR is replacing traditional tech-
niques of communicating and presenting due to 
its low cost and portability. In addition, Desktop 
VR allows for providing the user with interac-
tive, real-time, three-dimensional visualization of 
almost any environment or scenario (Tait, 1998). 
As the technologies to support VR evolve, VE 
applications become literally unlimited and the 
benefits of VR are widely recognized by scientists 
and engineers working in many different fields, 
including natural sciences, surgery, architectural 
modeling and engineering, as well as training and 
education. It is considered that VR will help to 
reshape the interface between humans and infor-
mation technology by offering new ways for the 
communication of information, the visualization of 
processes and the creative expression of ideas.

VIRTUAL ENVIRONMENTS 
IN EDUCATION

“Understanding focuses on application and 
knowledge-in-action offers the best potential for 
knowledge transfer, the creative application of 
knowledge, and the construction of new knowl-
edge” (Chee, 2001).

In some areas of education, such as in engineer-
ing, it is often desirable for students and trainees 
to obtain a great deal of practice, which results 
in a robust understanding of the subject matter. 
Unfortunately, this is not always possible due to 
lack of resources in terms of up-to-date equipment, 
laboratory space, personnel, and maintenance. 
As stated previously, one potential approach to 
improving experience-based education is through 
the utilization of so-called Virtual Environments 
(VEs). Studies have emphasized the great poten-
tial of VEs for use in education and training at all 
the levels, for example Tan and Francis (1997) 

showed that it is possible to use VEs as a train-
ing tool, especially in the use of complicated and 
potentially dangerous equipment.

Ong and Mannan (2004) state that VR inter-
faces have the potential to complement existing 
approaches in education. VEs simultaneously 
provide learners with 3D visualization, multiple 
perspectives and frames-of-reference and visual 
and audio feedback. Put simply, careful design and 
implementation of VR applications can create a 
profound sense of motivation and concentration 
resulting in a deep insight into, and mastery of, 
complex materials. While such VEs are more 
common and more widely used, for fundamental 
engineering education in academia, they also have 
a huge potential for successful deployment in dis-
tributed corporate settings. In this way employees 
at all sites of a company across the world may be 
provided with an affordable and safe environ-
ment for education and training, ranging from the 
fundamentals of modern manufacturing to expert 
level training in manufacturing process planning 
and simulation, without any need for physical 
equipment, materials, tools, or travel.

The growing literature on VE-based education 
shows that its exploitation in a wide variety of fields 
is a very promising approach in terms of both effec-
tiveness and the reduction of costs. Many successful 
implementations of VEs in education and training 
have been reported. El-Mounayri et al. (2005) sum-
marized some of the recent VE-based training and 
education activities as follows: “Training for opera-
tion of engineering facilities,CNC manufacturing 
machines, vehicle driving, piloting, traffic and flight 
control, maintenance simulators, medical procedures 
training, and military operations training.”

Advantages of virtual environments in educa-
tion include:

Provision of a safe and flexible learning • 
and teaching environment.
A sense of ‘being there’, so that trainees • 
are free to develop solutions to ‘what if?’ 
scenarios.
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Opportunities to experience operating com-• 
plex and expensive equipment in a safe and 
cost-effective way.
Increased productivity in learning by high-• 
er retention and quicker comprehension.
Opportunities for intuitive learning by • 
doing.
Fewer restrictions in the number of • 
trainees.
Less geographic and language barriers in • 
the case of distance learning.

VIRTUAL MANUFACTURING 
ENVIRONMENTS

In recent years competition has acted as a driving 
force for the application of new technologies in 
the manufacturing industry. Successful companies 
must be able to adapt quickly to rapidly changing 
conditions of both the market and their competitors 
within a shorter lead time and at a lower cost.

As a result, there is an increased need for 
educators to incorporate the latest manufacturing-
related approaches, processes and tools into their 
programs. Graduating engineers and other partici-
pating trainees entering the work force must be 
aware of the latest advancements in the field and 
trained in using the latest tools in order to help 
their companies face the global competition and 
sustain their competitiveness.

The term Virtual Manufacturing (or VM) is 
now widely used in literature. From the early 
1990s, in part through the U.S. Department of 
Defense Virtual Manufacturing Initiative (U.S. 
Department of Defense, 2008), support has been 
delivered to develop virtual manufacturing terms 
and concepts. For the first half of the 1990s only 
a small number of major enterprises and a few 
academic research groups were actively involved 
in the field of virtual manufacturing (Banerjee and 
Zetu, 2001). Recently the use of virtual manufac-
turing has become increasingly prevalent, and a 
considerable volume of research has been carried 

out on both the concept and construction of virtual 
manufacturing. This has become possible due to 
significant advances in computer and information 
technology, and has increased awareness of the 
great potential of virtual manufacturing.

So how can VM be defined? In simple terms, 
the word virtual refers to a concept applied in many 
fields and is defined as “that which is not real but 
may display the full qualities of the real”. The term 
manufacturing refers to all activities and processes 
involved in industrial product development. VM 
is often referred to as “a computer system which 
is capable of using information technology to 
generate information about the state and behavior 
of a manufacturing process that can be observed 
in a real world manufacturing environment” (Ba-
nerjee and Zetu, 2001), (Lee et al., 2001), (Iwata 
et al., 1997). A VM system provides a means of 
designing and evaluating manufacturing processes 
on-screen before actual facilities or products are 
constructed. In other words, VM is understood 
to be an integrated computer-based model which 
produces comprehensive information in order 
to analyze and understand real manufacturing 
system behavior. Onosato et al. (1993) and Lee 
et al. (2001) have described VM as a concept of 
simulating manufacturing processes with com-
puters where operations can be evaluated before 
being implemented into the real world.

Similarly, Marinov (2000) has proposed a 
definition based on Norbert Wiener’s virtual 
manufacturing black box; the box contains the 
abstract prototypes of manufacturing models and 
the procedure of model exploitation is known as 
a computer simulation. Modeling and simulation 
are considered to be vital elements for virtual 
manufacturing. In recent years, with the emer-
gence of Virtual Reality (VR) technology, many 
researchers have presented VM in association 
with VR, therefore an interesting question to ask 
would be: “Is virtual reality a must in virtual 
manufacturing?”. While Chetan et al. (1996) 
describe virtual manufacturing as a research area 
that aims to exploit Virtual Reality technology to 
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integrate the design sub-functions such as drafting, 
finite element analysis and prototyping with all 
the functions within a manufacturing enterprise, 
Lin et al. (1997) and Marinov (2000) consider VR 
only as a tool for visualization, which reinforces 
the graphical user interfaces for VM.

Clearly many approaches have been used 
for defining the virtual manufacturing concept. 
Amongst these an often referenced approach has 
been proposed by the Institute for Systems Re-
search, University of Maryland, and is discussed in 
(Saadoun et al., 1999), (The Virtual Manufacturing 
User Workshop, 1994), and (Depince et al., 2004). 
According to these sources, virtual manufactur-
ing is “an integrated, synthetic manufacturing 
environment exercised to enhance all levels of 
decision and control” (Figure 2).

To summarize, from all of the above approaches 
it can be concluded that VM is “a knowledge and 
computer-based system technology that integrates 
the entire information of manufacturing processes, 
activities, and functions involved throughout the 
Product Life Cycle associated with virtual mod-
els and simulations instead of real facilities and 
manufacturing activities”.

A major outcome of virtual manufacturing is a 
Virtual Factory (VF). Again, many definitions and 

research directions have been proposed by aca-
demics and manufacturing experts. For example, 
Jain et al. (2001) have developed a basic virtual 
model of a semi-conductor factory, demonstrat-
ing its functions in the design, installation and 
operation stages. The virtual factory integrates 
the simulation models of major sub-systems at 
all levels of hierarchy thus providing a vehicle 
for validation of integration.

Lin and Fu (2001) have proposed a virtual 
factory wherein a VR prototyping test bed allows 
the design of a detailed model to support system 
operations. The major goal of their prototype 
virtual factory is to define an operating procedure 
to capture the requirements of manufacturing 
engineers. A method for constructing large, rapid 
and complex virtual manufacturing environments 
has been developed by Xu et al. (2000), which 
provides the data link and user controls to enable 
streamlined data transfer between the virtual 
environments. Iqbal and Hashmi (2001) have 
developed a 3D virtual environment for design 
and analysis of a factory layout by applying 
problem-solving techniques. In their virtual fac-
tory approach, alternative layouts were compared 
and a new aisle system was introduced. Another 
factory layout planning problem has been studied 

Figure 2. Virtual manufacturing 
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by Kroves and Loftus (2000): an immersive VR 
interface was used in order to compare an im-
mersive system with a monitor-based VR system 
for manufacturing workspace analysis. Wiendhal 
and Fiebig (2003) have also reported a virtual 
factory approach for modeling and cooperative 
planning of factories and production systems. 
They describe a digital factory for planning the 
manufacturing operations and processes for an 
industrial case study.

In summary, a Virtual Factory can be defined 
as “a complex computer based simulation system 
that provides the manufacturing system designer 
all the resources and tasks necessary to achieve 
the optimized operation of designing, producing 
and delivering a product” (Banerjee and Zetu, 
2001).

THE SCOPE OF A VIRTUAL 
MANUFACTURING SYSTEM

The concept of virtual manufacturing can en-
compass the entire enterprise hierarchy. From 
the definition of Onosato and Iwata (1993), 
each manufacturing system comprises two 
sub-systems: a real information system and a 
physical system. Whilst the real information 
system is associated with the entire system’s 
architecture, manufacturing information activi-
ties and decision making within cost, weight, 

investment, timing and quality constraint, the 
physical system comprises important units such 
as resources, machines, and parts. The scope 
of virtual manufacturing systems (VMS) can 
be subdivided into three levels (Figure 3): the 
information system, product and process design, 
and factory/shop floor.

In VM systems the simulation of the real in-
formation system, also called virtual information 
system, provides the necessary control commands 
for the virtual physical system (Lee et al., 2001, 
Iwata et al., 1997, Iwata et al., 1995). At virtual in-
formation system level the functional architecture 
of the manufacturing system is modeled, and cov-
ers all aspects directly related to the manufacturing 
of products. The product and process level of VM 
systems can be decomposed into design-centered, 
production-centered, and control-centered (Virtual 
Manufacturing User Workshop, 1994):

• Design-centered VM makes use of man-
ufacturing-based simulations of different 
virtual designs to production prototypes 
in order to provide comparative informa-
tion about the new product to the designer 
for use in optimizing the product design 
process.
Production-centered VM uses simula-• 
tion capability to simulate the activities 
in process development and alternative 
process plans. It aims to optimize the 

Figure 3. General scope of virtual manufacturing
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manufacturing process by evaluating and 
validating the production plan, new pro-
cesses and paradigms.

• Control-centered VM make use of VM 
technology to control models and actual 
processes, aiming to optimize the actual 
production cycle.

At the lowest level, virtual manufacturing 
includes not only modeling the items and facili-
ties used for executing physical manufacturing 
activities, but also the simulation of their func-
tion throughout manufacturing processes such 
as Virtual Assembly, Virtual Machining, Virtual 
Prototyping, Virtual Inspection, and Virtual Opera-
tional Control (Lee et al., 2001). These simulated 
processes are developed independently from the 
other components of the virtual manufacturing 
system and possess individual interfaces to in-
teract with.

VIRTUAL MANUFACTURING 
SYSTEM INFRASTRUCTURES

A Virtual Manufacturing System can be defined as 
a “computer-based simulation of the entire manu-
facturing activities and processes”. According to 
this definition, two core infrastructures of VMSs 
are modeling, which encompasses specifying what 
to model and at what level of abstraction, and 
simulation, which is the procedure of the model 
exploitation and provides manufacturing process 
attributes with certain degrees of accuracy and pre-
cision. Furthermore, Depince and Chablat (2004) 
have outlined the following infrastructures for 
comprehensive virtual manufacturing systems:

• Manufacturing characterization: in-
cludes capturing, measuring and analyz-
ing the parameters that may affect material 
transformation during manufacturing.

• Modeling and representation tech-
nologies: different kinds of models for 

representation, abstraction, standardiza-
tion, multi-use, etc. are the major outcomes 
of such technologies. The same protocol 
and standard need to be created for manu-
facturing-related technologies to represent 
all the types of information associated with 
the process and product design in such a 
way that the information can be shared 
between all software applications, for ex-
ample, knowledge-based systems, object-
oriented, feature-based model, etc.

• Visualization, environment construction 
technologies: with recent advancements 
in computer graphics, the exploitation of 
Virtual Reality technology is more preva-
lent. The representation of information and 
manufacturing processes can be visualized 
in greater detail by the user in a way that is 
interactive and comprehensible.

• Verification, validation and measure-
ment: all the results and decisions provid-
ed by virtual manufacturing systems need 
to be verified and validated.

• Multi discipline optimization: VM and 
simulation are used in combination with 
“traditional” manufacturing research.

VIRTUAL MANUFACTURING 
ENVIRONMENT APPLICATIONS

As discussed above, in virtual manufacturing the 
simulation environment created by computers is 
an artificial environment reflecting real physi-
cal objects and dynamic behavior. Advances in 
virtual reality technology have made it feasible 
to directly utilize VR for the modeling and real-
ization of Virtual Manufacturing Environments. 
The use of virtual environments in simulating 
manufacturing environments gives engineers or 
trainers the opportunity to play a pro-active role 
in identifying flaws and optimizing any aspect of 
manufacturing-related processes and activities. 
The features of virtual environments provide an 
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important foundation of virtual manufacturing. 
Virtual Manufacturing Environment systems 
can be used in a wide variety of manufacturing 
systems contexts and have often been classified 
into several categories:

Product Design – 3D product design: For 
engineers who are involved in product design 
it is desirable to visualize the performance and 
the analysis of the design process throughout 
the development cycle. Virtual Environments 
provide the synthetic and expandable Virtual 
Manufacturing Environments for the designers 
in the conceptual design stage of a new product 
without the actual testing of the physical product. 
At this stage the functional experimentation of 
mechanical features can be performed to evaluate 
the conceptual design and any modifications can 
be made as required by the customers (Iqbal and 
Hashmi, 2001).

Product Design - Virtual Prototyping: Vir-
tual prototyping is another application of VM in the 
product development design context. It provides 
the designer with important features of a product, 
which can be used before building the physical 
prototype, to prove design alternatives, to carry 
out engineering analysis, manufacturing planning, 
support management decisions, and to obtain feed-
back on a new product from prospective customers 
(Iqbal and Hashmi, 2001). In other words, virtual 
prototyping leads not only to the reduction in the 
fabrication of physical prototypes and product 
cost and time, but also supports product design 
presentation through qualitative simulation and 
analysis (Weyrish and Drew, 1999).

Process and Production Planning: The po-
tential of VM in process and production planning 
has been outlined by many researchers. Schaefer 
et al. (2001) state that optimal planning of a manu-
facturing system can be obtained by providing 
all those people involved in the planning process 
with a visual environment in which to monitor 
and compare the factors that may result in inad-
equate outcomes. Such a visual comparison can 
be performed based on the human experiences and 

leads to rapid start-up of production and robust 
manufacturing processes.

In addition, VM has been found useful by 
academic researchers and industry specialists for 
Computer Aided Process Planning (CAPP). For 
example, a VR-based CAPP system developed by 
Peng et al. (2000) allows users to create a 3D model 
of components from an original design, simulate 
the machining process based on exiting NC code 
and pass the code to NC machines in the real world 
to create the real part. Thus any inconsistency in 
material and information flow can be detected 
and solved before being employed in practical 
manufacturing, which prevents costly mistakes 
(Maropoulos, 2003; Mujber et al., 2003).

Factory layout operation: Virtual Machining 
comprises of a virtual machining process and a 
virtual machining operation, and mainly involves 
cutting processes such as turning, drilling, mill-
ing, grinding, etc. In virtual machining, material 
removal processes and the relative motion be-
tween tool and work piece are simulated, and all 
the factors affecting machining setup time and 
processing time, quality and costs are studied. 
As a result, the feasibility of designed parts and 
selected processes for machining can be evaluated 
(Lee et al., 2001).

Virtual Assembly: Assembly is one of the 
most important stages in product development. 
In virtual assembly, the entire design and plan-
ning of the assembly process can be simulated in 
a 3D environment. Thus the assembly operation 
is verified and potential difficulties encountered 
in manufacturing are identified. Virtual assembly 
can benefit the manufacturer by saving time and 
costs in real production. Choi et al, (2002) suggest 
that virtual assembly can influence the efficacy 
of assembly, i.e., assembly methods, assembly 
sequence, and assembly time.

Virtual Inspection: Product inspection and 
measuring, specifically in machining operations, 
are time-consuming and require expensive physi-
cal experimentation. Virtual inspection is used 
to simulate both the inspection process and the 
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physical and mechanical equipment. Yao et al. 
(2002) developed a test-bed in a 3-D environ-
ment for predicting surface roughness in virtual 
measuring and the topography of the machined 
surface of the virtual workspace.

Virtual Operational Control: Material and 
information flow play an important role in the 
manufacturing system. Manesh et al. (2007) and 
Bal et al. (2008) developed a VMS based on a vir-
tual environment for simulation of manufacturing 
material and information flow, which facilitated 
the simulation of the manufacturing activities in 
a more efficient and cost effective way, both prior 
to, and sometimes in parallel with, manufacturing 
operations in the real enterprise.

Virtual Agile Manufacturing:Bal et al. (2008) 
presented a Virtual Reality-based methodology 
for design of holonic-agile manufacturing sys-
tems. Their methodology uses VR for modeling, 
simulation and monitoring holonic manufacturing 
control systems and their operation. This allows 
users to interact intuitively with the manufactur-
ing environments and its objects as if they were 
real, by immersing them in a highly realistic 3D 

environment. As in the earlier step of developing 
and implementing the VR-based holonic design 
and operations of agile manufacturing systems, 
the concept and technologies were validated; the 
original objective was achieved, thus leading to 
further development and application.

Virtual Material Handling System: The ap-
plication of a material-handling system (MHS) in 
a manufacturing environment aims to optimize 
productivity and improve equipment utilization 
and ergonomics. A virtual MHS enables the 
system designer to compare alternative material 
handling designs through a 3D environment in 
order to reduce the cost and increase the scal-
ability and reliability of the system. It can also 
help the designer to identify and solve potential 
problems during design and operation to confirm 
the system model before constructing the actual 
enterprise. Furthermore, virtual material handling 
is widely exploited in controlling material han-
dling systems such as Automated Guided Vehicles 
(AGVs). Wei and Chen (2002) have developed a 
virtual reality-based tele-autonomous for AGV 
path guidance. They have applied virtual reality 

Figure 4. VR factory layout operations
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technology to establish a VR-based guidance 
system. In the developed system, AGV can be 
controlled through a more realistic and interac-
tive 3-D environment by the operator. It was 
reported that this method provides better AGV 
guidance with less error.

VIRTUAL MANUFACTURING 
ENVIRONMENTS IN 
EDUCATION AND TRAINING

The efficient use of human skills, knowledge 
and experience is the major power of modern 
enabling technologies of agile manufacturing. A 
manufacturing enterprise needs skilled, coopera-
tive and motivated people in order to achieve its 
goals. The participation of people throughout the 
enterprise in planning, designing and implement-
ing new technologies and systems is the essential 
success factor. Hence, in the development of an 
agile manufacturing system, technical systems 
need to be designed not just to meet economic and 
technical goals, but also to satisfy organizational 
and human skills, judgment, creativity, knowledge, 

and ingenuity, and to make full use of modern 
computer-based technologies.

Flexible Manufacturing Systems (FMS), 
automation equipment, robotic manufacturing 
lines, programmable systems such as Computer 
Numerical Control (CNC) machines and Auto-
mated Guided Vehicles (AGVs) are examples of 
systems that fit into the category of modern and 
computer-based technologies which improve 
manufacturing agility. However, the technologies 
that make these systems agile consist of highly 
expensive and complex systems, which involve 
potentially dangerous machinery and robots. Com-
panies incur high costs in order to train their work 
force to use such systems and equipment.

In manufacturing education it is often desirable 
for engineers, technicians and even line manag-
ers to gain more practical experience in handling 
modern equipment and productions systems. How-
ever, it is time-consuming to learn how to use the 
fine controls of the equipment, as well as how to 
implement new manufacturing systems. Trainees 
have to be supervised while operating manufac-
turing equipment to avoid potentially expensive 
damage and large amounts of money have to be 

Figure 5. Virtual operational control
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invested to experience different production and 
manufacturing activities. To date many studies 
have shown that the use of computers in teaching 
and laboratory work is feasible, and has changed 
the economy of manufacturing education (Koh et 
al., 2002). It also has a positive impact on student 
motivation and appears to have similar educational 
effectiveness to ‘hands-on’ training.

The utilization of Virtual Environments in 
manufacturing education (Virtual Manufacturing 
Learning Environments) has been emphasized by 
many researchers, e.g., Youngblut (1997), Francis 
and Tan (1999). It has been shown that people 
can indeed learn to perform certain tasks such as 
console operation from virtual environments and 
that knowledge and skills acquired through a VR 
simulation can be effectively applied in the real 
world (Koh et al., 2002).

Virtual Reality in instruction utilizes computer 
models in order to simulate the behavior of a manu-
facturing system or process (Avouris et al., 2001). 
In this way it is possible to repeat an operation 
many times, comparing the findings with model-
based values. In general, one can expect that the 
use of VE and other types of educational software 
in manufacturing training will provide a sufficient 
degree of interaction with the trainees. Their use 
also improves the overall quality of manufacturing-
related education and offers a number of important 
advantages in terms of pedagogical value:

Trainees devote their time to useful discus-• 
sion and observations, have the opportu-
nity to analyze results, repeat experiments, 
compare results with theory, etc.
Trainees concentrate on understanding • 
fundamental concepts and not performing 
tedious writing.
Drilling can be enabled at any time without • 
supplementary effort by the instructers.
Minimization of failures due to incorrect • 
parameters.
Trainees can gain experience in manufac-• 
turing activities that usually require hours 

or days to complete within a few hours or 
even minutes.
Pace and complexity of education can be • 
adjusted to suit individual experience.
Any number of trainees can practice and be • 
trained at any time.
Trainees can be provided with a virtual • 
tour, guidance, and assistance during the 
training.
New possibilities for continuous educa-• 
tion, distance learning, and collaboration 
with other industries in training (Avouris 
et al., 2001, El-Mounayri and Aw, 2005, 
Sunrise, 2008).

The various applications of Virtual Environ-
ments in manufacturing which were outlined in 
the previous section can be effectively utilized 
in manufacturing education. One of its most 
important applications is for training in operat-
ing manufacturing equipment such as machining 
equipment and robots. It is generally accepted that 
training on real machines includes disadvantages 
such as:

High costs because of system down times.• 
Fixed site for the training.• 
Hazards for trainees and instructors.• 

CNC machines are one of the most widely used 
pieces of machining equipment in the manufactur-
ing industry. Due to their high cost and complexity 
it is often difficult for companies to keep up with 
the rapid developments in equipment. The same 
applies to training of the workforce. Traditionally, 
the user needs to work through operation manu-
als and then follow the instructions to practice 
and learn how to use the equipment. The user 
may also ask an experienced worker for help, 
however lengthy explanations are time consum-
ing and ineffective. A new user may make many 
mistakes while operating the real machine in the 
initial stage of familiarization. In addition, limited 
availability of facilities and personnel can make 
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it difficult to train large numbers of trainees for 
any given machine.

Taking all these problems into account there 
is an increasing desire to adopt a new education 
paradigm know as Virtual Reality Based Training 
and Education in order to make training safer, 
more economic and effective. Users acquire the 
same experience and basic operational knowledge 
using VR-based training for CNC machines as 
they would using the actual machine. More im-
portantly, it will be safer and more economic to 
practice on a virtual CNC machine rather than on 
the real machine.

The use of robots is another manufacturing 
equipment operation which is categorized as being 
potentially dangerous, as well as expensive if dam-
aged. In addition, robots are time consuming and 
difficult to use, and trainees have to be supervised 
when operating such machinery. To overcome 
these problems, virtual robots are widely used 
in education and training for programming and 
operation purposes. The user can write an off-line 
task program and then use the virtual robot for 
teaching trainees to control of its movement in a 
virtual environment, as well as storing the robot 
positions into its memory.

Manufacturing systems are complex. In or-
der to design an effective and efficient system, 
manufacturing system requirement analysis and 

information modeling are required. Therefore, a 
user concept diagram which contains icons rather 
than data flow bubbles or boxes for representing 
the actual physical system is proposed. Billo et 
al. (1994) state that most trainees, and even users, 
find diagrams too abstract to understand the sys-
tem, and difficult to modify and apply to another 
manufacturing system. A virtual environment 
constitutes an effective communication means 
since it is constructed from images which corre-
spond to their real counterparts. Hashemipour et 
al. (2009) reported that the VE assists the trainees 
in the modeling and analyzing of the relationship 
between the material and information flows. Vir-
tual reality-based requirement analysis promotes 
modeling and understanding of complex systems 
and reduces the costs and time involved at this stage 
by producing precise and accurate specification 
requirements for plans and designs for manufac-
turing systems. In addition, it allows the users to 
interact intuitively with the virtual environment 
and its objects as if they were real, by immersing 
them in a highly realistic 3D environment.

Inspection is one of the major factors that af-
fects the quality of the finished product. In virtual 
inspection the trainee engineer can practice all 
the inspection procedures, operations and skills 
in a completely safe and interactive 3D environ-
ment.

Figure 6.Virtual robot control
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In virtual assembly environments engineers 
and trainees are to be trained to investigate the 
feasibility of different assembly processes based 
on certain production constraints. Such training 
enables engineers to optimize the assembly pro-
cess in response to the rapid change of product 
types and markets.

In summary, virtual environments provide 
excellent training opportunities for manufactur-
ing by allowing each employee full access to the 
entire facility. The virtual environment enables 
trainees to practice new and existing tasks in a 
safe, controlled environment. They will be able to 
see how a product takes shape as it moves through 
the manufacturing systems, which result in more 
effective training (Wang and Li, 2004).

KEY DIFFERENCES BETWEEN 
HIGHER EDUCATION AND 
CORPORATE EDUCATION

It is widely accepted that each society’s broad 
mission is to provide a skilled work force so that 
it can build and maintain the productivity of any 
given industry. Higher education and corporate 
education are recognized to have an important 
role in achieving this mission and are equally 
important to society.

Higher and corporate education are related 
by different pursuits. Both deliver knowledge 
and concepts specific to their respective sec-
tors. Higher education encourages analytical 
thinking which contributes to contribute to the 
professional and intellectual development of the 
student. Corporate education delivers practical 
knowledge, skills and techniques. Many studies 
have shown that the higher education sector re-
quires up-to-date resources, together with rapid 
technological advancements, in order to meet the 
needs of the labor market and industry for high-
level user skills (Hashemipour, 2009). In order 
to fulfill such requirements, higher education 
needs a major investment in terms of capital and 

manpower; unfortunately, a shortage of resources 
could undermine the facilitation of a quality learn-
ing environment.

Although some higher education institutions 
have adopted new educational resources, such as 
VLEs, to cope with rapid technological changes 
and to provide students with opportunities to use 
the latest equipment and technologies during their 
university education, there is still a gap between 
industry needs and higher education’s output. This 
is due to the fact that educational institutions are 
usually more concerned with meeting the require-
ments of the university with regard to curriculum 
design and academic content of courses rather 
than industrial needs.

For the corporate sector to achieve growth, in-
novation and sustained competitiveness, learning 
is the most fundamental of the dynamic capabili-
ties (Teece et al., 1997). An essential distinction 
needs to be made between aspects of learning for 
an individual in the corporate sector and an indi-
vidual in the higher education sector. Relentless 
competitive pressure makes the corporate sector 
increase the productivity of all resources in the 
short term, and may be emphasizing short-term 
needs which could be at different levels, or in dif-
ferent geographic places. However, an individual 
in the higher education sector may spend several 
years acquiring knowledge which may no longer be 
relevant in the future. In other words, change de-
mands continuous development of an individual’s 
knowledge beyond higher education.

The importance of investment in corporate 
education is justified by a number of studies, e.g., 
(Paton et al., 2005, Becker, 1964). Major outcomes 
of corporate education are:

Boosting individual job performance.• 
Providing competent employees at low • 
cost.
A growing link between business perfor-• 
mance and workforce skills.
Providing advice and assistance to the in-• 
dustry on skill development.
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Meeting the demands of both the market • 
and specific technologies.

SYNERGY BETWEEN VIRTUAL 
LEARNING ENVIRONMENT AND 
CORPORATE EDUCATION

Over the past decade, the rapid developments 
and growth of Information Technology (IT) have 
exposed a new paradigm for educational technol-
ogy research and development in a wide range of 
subject areas and at all levels. Exploiting infor-
mation and computer technology as teaching and 
learning tools provides such a learning environ-
ment. The so-called Virtual Learning Environment 
(VLE) overcomes the limits of space and time in 
knowledge delivery and utilization, along with 
allowing trainees to determine their own learning 
path and pace. Studies have shown that VLEs offer 
a number of advantages over traditional teaching 
environment in terms of knowledge acquisition, 
convenience and flexibility (Carrillo, 2004).

VLEs are simply defined as “computer-based 
environments that are relatively open systems” 
(Wooldridge, 1999). They are capable of supple-
menting traditional face-to-face teaching methods 
and normally work over the Internet. A significant 
body of literature demonstrates how VLEs can be 
an effective means of enhancing, motivating and 
stimulating the trainee’s understanding of learning 
material, as well as reducing educational cost (Xa 
et al., Pan et al., 2006).

Despite all the VLE advantages, it is not always 
effective and sometimes fails to meet the learning 
objectives. Xa et al. (2006) reported insufficient 
interactivity and dynamism as one of its major 
limitations. One potential approach to overcome 
these limitations is the utilization of Virtual Reality 
(VR) technology. VR interfaces are capable of be-
ing used to complement existing VLE approaches 
in education (Pan et al., 2006). Recent advances 
in computer technology, networking, and advent 

of the World-Wide-Web allows Web-based dis-
tributed Virtual Environments to be created that 
are available from any Internet-enabled computer. 
Distributed Virtual Environments have been used 
in a wide variety of educational settings of dif-
ferent types.

Integrating VLE with Virtual Environments 
provides an immersive, interactive and flexible 
Virtual Learning Environment where learners, 
especially distributed ones, can share information 
and form the environment according to their needs 
(Prasolova-Førland, 2008). Such educational 
environments can actively involve the trainee in 
the learning process, which in turn facilitates deep 
learning, improves learning quality and reduces 
educational costs.

Though lacking immersion factor, the power 
of VLEs in the global learning market is demon-
strated by a report from Ambient Insight (2007). In 
2007 the approximate value of the global market 
for E-learning products and services (VLEs) was 
$17 billion. This total is forecasted to rise to $50 
billion by 2010, which implies that the market 
will expand in the near future by applying VR/
VE potential into VLE (Pan et al., 2006).

With rapid globalization the emerging tech-
nologies are currently being developed faster, 
as well as more efficiently and at lower cost, in 
places beyond their origin. One consequence is 
that many industries, in particular manufacturing 
industries, are not only outsourcing manufactur-
ing, but also research and development sections. 
This course of action is resulting in the need to 
keep their workforce both familiar with the latest 
manufacturing-related technologies and trained in 
utilizing state-of-the-art equipment. This implies 
that access to education is crucial for the success 
of manufacturing industries.

The authors propose a system architecture 
for corporate manufacturing education utilizing 
virtual reality technology to assist learners in im-
proving individual skills or collaborate with other 
learners through a realistic virtual environment for 
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the realization of the VLE/VE system. A Modular 
Client/Server approach has been chosen, which 
provides the the following features:

Multi-user and multi-screen is inherent to • 
the client/server approach.
Discrete event simulators are easily • 
compatible.
The modular structure of the system al-• 
lows the trainers and trainees to alternate 
the training material configuration and in-
put parameters to contribute to the design 
of further practice.
Modules can take advantage of the distrib-• 
uted nature of a client-server environment.
All modules can be categorized as either • 
independent or collaborative.
Develops clients’ understanding of their • 
working practice either individually or in 
a group.

An overall architecture of a VLE/VE system 
is shown in Figure 7.

The Client-side refers to operations which are 
performed by clients. In the proposed system, the 
client is categorized into ‘trainer’ and ‘trainees’. 

All the operations such as processing, storage of 
data from clients, managing, reconfiguring, etc. 
are performed by the server side. The server side 
includes the VE-server, Output-sever, HTTP-
Server, Database-Server, and system configura-
tion module.

VE-server: the VE-manager is the central 
component of the VE-server. Its main task is to 
coordinate the work of different VE modules. 
The VE-manager collects the information from 
all modules and corresponding clients and stores 
this in a VE simulation knowledge repository.

HTTP-server: is responsible for accepting 
requests from clients through web browsers and 
establishing the safe communication between 
server-side and client-side by proxy server and 
web server modules.

System configuration module: allows clients 
to access each module through different work 
stations and reconfigures the whole system after 
new modules have been added or modified by 
defining a set of configurations in a file.

Database server module: stores all informa-
tion regarding clients and system settings, and 
also manages access to all shared data in the 
program.

Figure 7. Proposed VLE/VE system architecture
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Output-server: comprises a client manager 
and evaluation modules. Scheduling, defining 
the level of difficulty and assigning a client’s 
relationship are carried out by the client manager. 
In addition, the client manager allows trainees to 
dynamically load modules through an interface 
by specifying their execution features such as 
profile, assigned task, scheduling, and completed 
tasks. The Evaluation Module provides a two-way 
feedback mechanism for each module completed. 
Trainees provide details of the procedures fol-
lowed, results obtained, their analysis and con-
clusions and receive a module report. In addition, 
trainees can complete a questionnaire regarding 
bugs, usability and effectiveness of the module 
materials for their learning.

CONCLUSION

The focus of this chapter is the use of Virtual 
Learning Environments as an important and stra-
tegic means to facilitate future corporate education 
initiatives. VLEs are one of the most promis-
ing methods of delivering safe, cost-effective, 
convenient and flexible learning to supplement 
traditional teaching and offer an effective means 
of enhancing the learning process.

A review of existing virtual technologies is 
provided and a number of VE applications in 
manufacturing-related education and training have 
been highlighted. Guidelines for the development 
and implementation of such a system in distributed 
corporate settings have been proposed.
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KEY TERMS AND DEFINITIONS

Virtual Reality: “Virtual Reality is a way 
for humans to visualize, manipulate and interact 
with computers and extremely complex data.” 
(Aukstakalnis and Blatner, 1992). “A computer 
system used to create an artificial world in which 
the user has the impression of being in that world 
and with the ability to navigate through the world 
and manipulate objects in the world” (Manetta 
and Blade, 1995).

Virtual Environment: A computer graphic 
system that allows a user to act in a synthetic, 
computer generated interactive 3D world.

Virtual Manufacturing: “A computer system 
which is capable of using information technol-
ogy to generate information about the state and 
behavior of a manufacturing process that can be 
observed in a real world manufacturing environ-
ment” (Banerjee and Zetu, 2001), (Lee et al., 2001), 
(Iwata et al., 1997). “An integrated, synthetic 
manufacturing environment exercised to enhance 
all levels of decision and control” (Saadoun et 
al., 1999; Virtual Manufacturing User Workshop, 
1994; and (Depince et al., 2004). A knowledge and 
computer based system technology that integrates 
the entire information of manufacturing processes, 
activities, and functions involved throughout the 
Product Life Cycle associated with virtual mod-
els and simulations instead of real facilities and 
manufacturing activities”.

Virtual Factory: A Virtual Factory can be 
defined as “a complex computer based simulation 
system that provides the manufacturing system 
designer all the resources and tasks necessary 
to achieve the optimized operation of designing, 
producing and delivering a product” (Banerjee 
and Zetu, 2001).u


