
Application of semantic approaches and interactive virtual technology to

improve teaching effectiveness

Min Jou* and Chi-Chia Liu

Department of Industrial Education, National Taiwan Normal University, Taiwan

(Received 6 October 2008; final version received 14 July 2010)

This article describes an implementation of interactive virtual environments that
have been designed for supporting the education of technical skills in material
processing technology. The developed web-based systems provide the capability
to train students in the technical skills of material processing technology without
the need to work on actual machines in the laboratory. The effect of the
developed system was examined both quantitatively and qualitatively. Generally,
our results indicated that incorporating online interactive virtual environments
into engineering courses can enhance students’ technical skills in the operation
of instruments, process planning and justification of process parameters.
Findings also showed that the developed semantic web-based systems were
able to facilitate investigation of material processing technology. The results also
showed that there were significant improvements in the participants’ motivation
and learning.
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Introduction

The higher capital cost of acquiring equipment within each university presents a
considerable financial challenge. A great amount of time and money is used to teach
these techniques. Particularly, computerized machines are becoming increasingly
popular. The development of educating engineers on computerized machines creates
much more difficulty than using traditional machines. This is because of the extremely
expensive cost of teaching. The quality and quantity of teaching cannot always be
promoted in this respect. The traditional teaching methods cannot respond well to the
needs of the future. The evolution of computer and Internet technologies has made it
easy to access learning content from almost anywhere, anytime, and at user pace
(Wald, 1992). In 1994, Bengu developed a suite to provide comprehensive engineering
education for freshmen in manufacturing processes and systems, and in concurrent
engineering. The focus was to develop a support mechanism to deliver the
manufacturing courseware through the website. Because manufacturing education
is so vital to the creation of engineers, Bengu and Swart (1996) created a learning
process based on total quality management and critical thinking concepts. Their
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study takes advantage of computer and information technology to enhance the
delivery of education through computer-aided teaching and learning tools. A basic
proposed framework for the course brings together assembled subject material using
various media. To achieve the effective use of this new teaching and learning method,
the course proposed includes online lectures, audio-video education tools, interactive
computer software, online assignments and examinations, information about faculty,
online evaluation tools to obtain student feedback, and to improve teaching quality.

The advance in the optical-fibre network makes real-time transmission of a large
amount of data, such as three-dimensional (3D) models or video images, possible
between remote places. In particular, by connecting virtual environments through
the broadband network (Paquette, Ricciardi-Rigault, Paquin, Liegeois, & Bleicher,
1996), a 3D virtual world can be shared between remote places. The field of virtual
reality (VR) initially focused on immersive viewing via expensive equipment is
rapidly expanding and includes a growing variety of systems for interacting with 3D
computer models in real-time (Sung & Ou, 2003). Various applications in fields
including education, training, entertainment, medicine and industry have been
developing, and more and more areas will gain benefits from using VR (Craig &
Sherman, 2003). In the past few years, a number of interactive VR systems have been
developed. An educational virtual environment (Bouras, Philopoulos, & Tsiatsos,
2001) is a special case of a VR system where the emphasis is more on education and
collaboration than on simulation.

The semantic approach has become an increasingly important issue in advanced
knowledge technology. It provides a knowledge infrastructure to support the
management and application of scientific and engineering knowledge. The semantic
approach advances Web-applications to syntactic and semantic levels. The Semantic
Web is an extension of the current Web in which information is given well-defined
meaning, better enabling computers and people to work in cooperation (Berners-Lee,
Hendler, & Lassila, 2001). It is the idea of having data on theWeb defined and linked in
a way that it can be used for more effective discovery, automation, integration and
reuse across various applications. Thus, the development of an innovative eLearning
system under a semantic environment is required to support a richer set of educational
functions and increase their effectiveness (Aroyo & Dicheva, 2004). Meng and Yang
(2003) pointed out that most existing QA (Question and Answering) systems suffer
from precision problems. Because the amount of available information has increased,
users waste considerable time in searching and browsing various websites to obtain the
required information. Users must click and browse all documents returned by keyword
search to identify their desired information. When numerous documents are returned,
users may waste lots of time dealing with many unsuitable documents. Studies of
learner use of the websites have indicated that students frequently fail to establish task
relevant, meaningful, reflective activity (Hill & Hannafin, 1997). The root problem is
that keyword searches are not an ideal method for users to present their real intentions.
To solve this problem, our previous research developed two inquiry methods for
students to process question statements in natural Chinese language fashion and
engineering drawing to find out the intention of the user query.

Semantic eLearning system

To provide students with as realistic an eLearning system as possible, and one
expandable to the entire system, the developed system is based on N-tier
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architecture. The presentation tier is a client-side terminal that comprises the hyper text
markup language (HTML), extensible markup language (XML), and 3D web player
plug-in. The client, which runs in a web browser, provides a student interface that
handles input and output (displaying results, simulation). The web server performs
actions and computations based on student input by using XML and Java Server Pages
(JSP) languages. The application server reads and writes to the databases by JavaBean
and interfaces with external software packages. The content of the course is primarily
presented with Web pages, which are written in HTML. To move courses from one
system to another, and extract and perform automated processing on the documents,
standardized definitions for course structures are necessary. To meet requirements,
XML is used to develop course structures. To get cross-platform applications, JAVA
language is used in programming to develop interactive Web pages.

The first inquiry method is developed based on the concepts of semantic web
theory. The developed module interprets the students’ question (i.e. document
source) to extract the semantic information. The system then contrasts the source
documents with the existing engineering database by heuristic rules to retrieve
useful and precise results that meet the expectations of users. Figure 1 shows the
architecture of the proposed method. A particular problem for Chinese sentences is
that groups of Chinese characters are not separated into meaningful words by blank
spaces as English. This problem is solved by Autotag. Autotag, developed by
Academia Sinica of Taiwan, is used in this system to parse Chinese characters into
meaningful words. Furthermore, HowNet is applied to interpret words for
semantics. Like WordNet, HowNet is based on a type of common-sense knowledge
base and is presented in an ontology structure. Figure 1 shows the interface web page
for users to input information in Chinese. Besides the semantic inquiry module, this
research developed another inquiry module to allow students to present their queries
by engineering graphics as shown in Figure 2. After uploading the engineering
drawings (2D or 3D), this module interprets the input data and then extracts
the engineering information to analyze manufacturing methods. The appropriate
machining procedures are displayed for students to learn the principles of
manufacturing process planning. Students can click each manufacturing feature to
browse its machining methods, which are displayed in multimedia form. In this

Figure 1. Screenshot of semantic inquiry interface (in Chinese).
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phase, the objective is to teach students the ability to extract the manufacturing
features for a complex part from a mechanical drawing in either 2D or 3D.
Furthermore, students have a chance to accept the training of manufacturing process
planning in this stage.

Interactive virtual environments

Laser marking technology

Laser marking has been used extensively in the production of indelible and legible
alphanumeric characters and logos for product identification and traceability in the
semiconductor industry. Laser marking is essentially a thermal process that employs
a high intensity beam of focused laser light to create a contrasting mark on the
material surface. Beam-steered marking uses mirrors mounted on high-speed,
computer-controlled galvanometers to direct the laser beam across the target
surface. Each galvanometer provides one axis of beam motion in the marking field.
A multi-element flat-field lens assembly subsequently focuses the laser light to
achieve high power density on the work surface while maintaining the spot travel on
a surface. Because the target material absorbs the laser light, the surface temperature
increases to induce a colour change in the material.

There are many advantages to laser marking compared with conventional
marking methods, such as no wear on the tools, a high degree of automation, free
programming and choice of characters. The mark qualities, especially mark
clearance, are most important in the marking process. To obtain a clear mark,
suitable processing parameters must be selected. There are mainly three processing
parameters used in laser marking: the electric current used for generating the
laser beam, the pulse frequency and the traverse speed of the laser beam. Thus,
the prime task is to choose a combination of process variables, which give an
acceptable quality. To make effective use of an online interactive virtual
environment (IVR), it is imperative that a mathematical model that can be easily
programmed and fed to the IVR should be developed. It should have a high
degree of confidence in predicting the mark quality and cover a wide range of
process variables. For the automatic system, the data must be available in the

Figure 2. Searching learning contents by engineering graphics.
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form of mathematical equations. An experimental study has been carried out to
obtain an understanding of the relationship between process variables and mark
quality, and finally to develop a mathematical model that can be applicable for
IVR.

A six-step methodology framework is proposed and suggested for building
IVR. The framework provides an easy way to modify and edit the IVR.
Furthermore, it increases the speed of current and future development processes.
The first step is to build the 3D CAD model of mechanical parts. The mechanical
components shall be constructed, finished, and assembled in accordance with the
requirements for the operations of the mechanical system. It is required that the
CAD data are converted to suitable formats for execution in the VR environment
through third-party converters. The virtual prototypes loaded into the VR system
can then be enhanced by adding visual effects such as shadowing, reflection, and
lighting, empowering the immersion of the models. Virtools, the VR software that
was used in the studies, allows programming in a drag and drop interface mode
rather than the traditional line-by-line approach. Because the software package is
object oriented, the user can use the nodes to rapidly build virtual models. These
nodes denote the relationships of different operations. By linking nodes of
different relationships to create routes, which can be processed by on-screen
menus, complicated programs can be subsequently built by mouse
clicking operations. The final step suggests preparation of necessary supporting
Web templates such as those for learning content and libraries of experimental
data.

To engage students in this virtual laboratory, this research implemented multiple
interactivity functions such as path design, parameter selection, viewing angles and
animation. 3D simulations can be explored using zoom, pan, rotation and machine
and working table navigation functions. This system allows students to draw the
desired marking path online or upload the designed drawings in CAD format.
Students are provided with a variety of options before they trigger an event,
animation or simulation. Depending on the selection (e.g. selection of a material,
power and speed), the quality of a mark (e.g. mark depth, width and mark contrast)
is displayed. Students can repeat the selection process to study laser marking
processes. The intention here is to emulate the operations of laser marking as
much as possible in a VR environment. Adaptive selective simulation stimulates
experimental learning through the observation of laser marking processes using
a sequence of events: (1) trigger an event; (2) observe marking process; (3)
interpretation and (4) assimilation.

Spray technology

Spray technologies are widely used in making thin film to prevent products from
deterioration due to water, air or acid, and to improve the artistic functions of
product. A basic field spraying system typically consists of the following
components: a tank to hold a mixture of active chemical ingredient(s) and water,
a centrifugal pump, a pressure gauge, throttling valves, a shut-off valve, a boom,
nozzles and the plumbing necessary to connect the components. Interactive
interfaces for this process are designed to allow students to select process parameters.
Various process parameters such as air/coating pressure, colour, voltage, speed,
range, distance and coating thickness can be changed by students.
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CNC machining

The use of computerized machines is becoming increasingly more popular. The
development of educating engineers on computerized machines is also becoming
much more important than ever. Therefore, a virtual machining laboratory was
developed to bring the machining practical training to a web-based learning system.
This will allow students to familiarize themselves with machining skills before real
practice in the laboratory. The virtual laboratory of turning, drilling and milling is
developed to simulate, as realistically as possible, the functions of machines.
Students can operate virtual CNC machines through the interactive control panel.
Furthermore, learning contents of CNC programming methods were established and
delivered to students to simulate cutting path.

Research methodology

The aim of the study was to identify the impact of online IVRs on students’ technical
skills by comparing student scores on the posttest in a blended environment with
scores on the posttest of students enrolled in traditional classes. The effect of online
IVRs was examined both quantitatively and qualitatively. A quasi-experimental
research design including a nonequivalent pre-test/post-test was used for this study
(Campbell & Stanley, 1996). The pretests and posttests were administered at the first
and last week of the 18-week semester, respectively. Analyses of data were performed
by using t-tests. Differences were considered significant for p values of �0.05.
Information about student satisfaction was extracted by surveys. Questionnaires
were designed to collect general information about what students think and feel
about the courses and their relationship with the courses. Two intact classes were
selected to participate in this study. The study population consisted of 105
undergraduate students enrolled in a course of manufacturing technology. Each class
used the same course description and received the same teaching progress. Fifty-four
sophomore students (i.e. women-to-men ratio, 13:41) studied in the traditional face-
to-face course. Fifty-one sophomore students (i.e. women-to-men ratio, 8:43) studied
in the blended course where the online IVRs of material processing technology were
integrated into manufacturing technologies.

The course of manufacturing technology was created at the university as a face-
to-face course designed to introduce technical skills of material removal processes
(i.e. turning, milling, CNC machining, laser machining), material increment
processes (i.e. rapid prototyping, spraying) and forming processes (i.e. casting,
powder metallurgy). This course was a one-semester, three-credit, required course.
Class was scheduled to meet once every week. Students were taught in a traditional
classroom without using computer technologies. Transparencies were used to
introduce technical skills including machine operations, tool preparation, selection
of machining parameters and process planning. Much effort was required for oral
interpretation of dynamic phenomena. This portion of the learning activities has
been replaced by online IVRs in the blended course.

Table 1 shows that the pretest scores of the two classes were not significantly
different. This provides support for the idea that both classes had a similar level
of knowledge before the experiment was conducted. The t-test did reveal a
difference between the posttest scores of the blended and face-to-face courses. The
means for the posttest of the face-to-face (M ¼ 78.95) and blended courses
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(M ¼ 82.28) indicated that the participants had positive attitudes towards the
blended course.

To obtain more insight on the above quantitative findings, this research analyzed
the students’ technical skills, which included basic manufacturing knowledge,
selection of process parameters and process planning. An ANCOVA (analysis of
covariance) test is presented in Table 2. Table 2 shows that the experimental group
students received significantly higher scores than control group in selection of
process parameters and process planning. Anonymous postcourse questionnaires
were completed by students. Student feedback about the online course was positive
(Table 3). The results showed that more than 90% of the students agreed that
the course had helped them to learn technical skills. For course structure, 85% of the

Table 1. Learning effectiveness measured in terms of students’ performance.

Variable

Blended course Face-to-face

df t pMean SD Mean SD

Pretest (on a
100-point scale)

52.05 12.98 53.97 12.97 103 70.754 0.453

Posttest (on a
100-point scale)

82.28 8.56 78.95 8.27 103 2.027 0.045*

Note: *p 5 0.05.

Table 2. Students’ ability to perform technical skills.

Investigated variable Research group N Mean SD F p

Basic manufacturing knowledge Experimental 51 4.65 0.78 2.93 ns
Control 54 4.41 0.83

Selection of process parameters Experimental 51 4.84 0.69 50.001
Control 54 3.56 0.72

Process planning Experimental 51 4.54 0.65 50.001
Control 54 2.98 0.89

Note: ns: nonsignificant.

Table 3. Students’ satisfaction.

Participating in blended course
Strongly
agree Agree Neutral Disagree

Strongly
disagree

I believe that the online course is
an effective means for interactive
learning.

28 20 2 1 0

The online course enhances my
interests toward learning.

45 6 0 0 0

I believe that the online course
contents are well structured.

38 8 3 2 0

I believe that the online course
helps me to learn technical skills.

42 6 3 0 0

Would you recommend this course
to your peers?

49 2 0 0 0
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students felt that the course content was well structured. Overwhelmingly, almost all
of them said that they would like to recommend the course to friends.

Conclusions

Recently, eLearning technology has been applied to every kind of specialized
education field. However, these systems are developed based on a browser and
HTML environment. The major capabilities of these systems are limited to
presenting course contents to students. Because of the framework limitations for
developing the eLearning system, students’ practical abilities cannot be performed or
disciplined through a developed eLearning system. Currently, practical training is
still applied on the shop floor to discipline students’ practice abilities.

Our studies use VR techniques to develop an interactive virtual laboratory to
discipline students’ practice ability using the internet. Four kinds of manufacturing
technology are established in this system: turning, milling, spraying and laser
marking. This system allows students to select different process parameters to view
entire manufacturing processes in real time. Students can learn and experience
machining technology through the virtual laboratory before any real practice. A
better understanding of both static and dynamic simulations can be obtained from
the visualization, which helps the students pick up technical skills much easier and
faster. Thus, the developed Web-based VR improves the safety and efficiency of
hands-on machining practice. Additionally, students are able to learn and practice
the machining techniques repeatedly, and it is much easier than with traditional
teaching methods.

Furthermore, our studies apply information theory to develop a semantic
eLearning system to allow students to present their queries in natural Chinese
language fashion and through engineering graphics. By means of such an environ-
ment, students can explore the essence of design, manufacturing and manufacturing
process planning. In this learning environment, the students constructed their
own knowledge and technology through active learning and interaction with an
eLearning system. This study has opened up an opportunity of change to the
traditional practical training method. The responses obtained were very encoura-
ging. Students in the course were appreciative of these ongoing changes and
indicated that these were indeed helping them to develop their engineering
technology and increase their motivation to study.
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