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Abstract

Increasing complexity, flexibility, risk-taking and internationalization of activities are among the key characteristics of any engineers’ life. These characteristics represent a real challenge for those involved in teaching engineers and other technical specialists. In order for educators to be really effective, new instructional methods and tools must be developed and tested. Indeed, traditional types of teaching are no longer appropriate for preparing people to take on the challenges facing today’s project managers and professional engineers.

Aiming at authenticity, realism and student-centered instructional context is always a major challenge for educators, no matter what their subject is. When one studies engineers’ real-life work up close, one is forced to acknowledge that their duties are always situated in a context subject to various technical, organizational and environmental pressures and constraints. The use of new information and communication technologies (ICT) like video-conferencing and web-based multimedia can be particularly effective at reproducing this reality in a virtual environment. 

Based on the data obtained various studies conducted in the last few years it seems ICT use is becoming more popular. The technologies of videoconferencing and web-based education have made it possible to offer classes in a virtual setting. Thus time, distance, and location restrictions are disappearing. 

The next step contemplated in the development of ICT is to expand this instructional method internationally. It would be interesting to add the cultural and language dimension to the many challenges posed by the management of engineering projects by widely dispersed teams. Therefore, using video-conferencing coupled with online resources can be a new innovative method of disseminating engineering education globally, making this world a global village.  This paper will try to touch on the potential implementation of the use of Video-conferencing and IT-based Educational Tools on an international level. It surely will help in broadening the overall impact of new teaching technology.

1. Introduction

Universally speaking distance education has traditionally been popular among non-traditional students who are place-bound working adults, such as engineers, who want to upgrade their skills and keep current in a world of ever-changing technology [2].  Changing needs and busy schedules in a professional set up demands more innovative methods of teaching. As a result of tremendous advancement in technology, we are in an era, where we are experiencing a transition from traditional textbook and lecture teaching method to the virtual classroom. In virtual classroom students and the instructor are not necessarily at the same physical location. This new wave of information and communication technologies (ICT) like video-conferencing and web-based multimedia is rapidly gaining recognition and popularity.

The reason why teaching through the use of interactive video-conferencing and Internet is becoming more popular is the consistency in quality of education among the students taking the same course from different remote physical locations.

The success of a distance education program not only depends on students’ performance but also on an effective learning environment for both the local and the remote students. [2]

2. Distance Learning

One of the ten most outstanding engineering education achievements of the past century was the development of distance learning. This remote learning opportunity assured the continuation of technical as well as professional training of practicing engineers. Undoubtedly, distance-learning systems have changed the way engineers initially learn and maintain technical competence in an increasingly complex and mobile work environment. Such distance-learning techniques can encourage multi-disciplinary study by providing instruction in a wide variety of disciplines. For example, providing exposure to industries by bringing professional experts into the classroom from a remote site. By affording students more control of the pacing, sequencing, and style of the learning process, i.e., allowing for student-centered, and not instructor-centered learning, by enabling students access to the best professors and guest lecturers. And by increasing availability of education to those who have limited access due to geographical location, job requirements, physical disabilities, etc. 

In this respect, distance learning offers numerous benefits that can play a key role in maintaining engineer’s competitiveness in the professional engineering international marketplace. The remote-delivery of engineering courses is not a new practice. Since the mid-1960’s, various electronic media (Table 1) have been employed by universities to reach students removed from the immediate university community. Techniques have included closed-circuit microwave broadcasts, videotapes, satellite broadcasts, and more recently, the Internet and CD-ROM. Undoubtedly, each distance-learning method has its advantages and disadvantages. For example, videotapes, although inexpensive, offer no student-student or student-instructor interaction while the Internet and CD-ROM deliveries involve considerable resources for implementation [6]. 

   Table 1
Distance Learning methods  [6]

	Distance Learning Method
	Comments

	Internet
	Synchronous/asynchronous; limited interaction; considerable development time and resources

	CD-ROM
	Asynchronous; no interaction; considerable development time and resources

	Videotape
	Asynchronous; no interaction

	Satellite
	Synchronous; limited interaction

	Audio and computer
	Synchronous; limited interaction

	Two-way video / two-way audio
	Synchronous; can have interaction


3.  Information and Communication Technologies 

Information and Communication Technologies offers comprehensive communications support to the administration, faculty, and staff pertaining to any field of specialization. It is primarily defined as the “emphasis on the technology facilitating the process and transfer of information.” Its importance has been recognized at the international level, 

2.1. Web teaching and Learning
The potential impact of the Web on teaching and learning is enormous. The use of the Web to deliver teaching/training material online is now commonplace and many tools exist to support teachers and trainers. The use of discussion mechanisms, both synchronous and asynchronous, is also widespread, but fewer, purely educational tools exist to support this type of activity. Web-based assessment and evaluation is becoming more important and tools are also being developed in this area. 

Innovative use of the Web to create "Virtual Environments" that support task-based learning and simulation are now possible by making use of Java, VRML, Desktop video conferencing etc. Tools that support the development of these "Virtual Environments" are thin on the ground, but it is likely that new tools will be developed to meet the demand. Examples of "best practice" need to be identified. This applies to both the identification, with justification, of the best tools and the recognition of innovative techniques for using the Web to support learning online. 
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Figure 1     Configuration of web-based learning
2.2. Video-conferencing
The use of Video-conferencing has been found to be a very versatile tool as an innovative new teaching method, but still needs a greater deal of attention in terms of applications and performance evaluation. See Figure 3 presents equipment and system used as a part of ICT in conducting short time interactive web conferencing workshop [5]. The Figure 1 shows the use of this technology in the real world application.
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Figure 2
    Three audio and video configurations
2.2.1
Advantages of Video Conferencing

1)
Allow both audio and video communications. It is generally considered the "next best thing to being there." 

2) Facilitate personal feelings, i.e. video-teleconferencing enable students and instructors to see facial expressions and body language, adding personalities to communication. 

3) Enable high levels of interaction. Most video communications are synchronous, allowing high degrees of interactions, questions and answers, etc. 

2.2.2
Disadvantages of Video Conferencing

1)
May be expensive. Cameras and editing equipment can be expensive. In addition, the infrastructure at each site and the links between sites can be costly. For example, in Florida the rate is $400 per hour for satellite time. 

2) Require a great deal of planning and preparation. To be effective, the camera crews and the instructor must practice and become a team. 

3) Must be scheduled. Most videoconferences are not spontaneous. Instead, they must be planned and the necessary resources must be scheduled. 

4) Require technical support team, because of the complexity of video recording, mixing, and transmission. In addition, site facilitators are necessary to ensure the equipment works properly at the receiving stations. 

2.2.3
Guidelines for Incorporating Video Conferencing
1)
Avoid the "talking head. Talking head refers to simply videotaping the instructor while she or he is talking. Instead, try to vary the camera angle, include still images of appropriate graphics, and encourage student interactions. 

2) Practice with the cameras and the crew before the lesson. It is important to plan practice times for the instructor and the camera crew. By working together, they can anticipate each other's needs and provide the best possible transmissions. 

3) Encourage interactions. Interactions can be added to video-based delivery in many ways. If the lessons are two-way, questions and other types of interactions can be included. If they are one-way video, interactions can be added through e-mail messages or the telephone. 

4) Use the best cameras possible. 

5) Ensure quality audio. Losses in audio quality will be noticeable long before losses in video quality. Always ensure good recording, playback, and speaker quality. 

4. Traditional Classroom Teaching versus ICT

The current form of classroom-based lecture instruction is mature and has not changed dramatically in many years. The professor instructs and the students listen and participate when called upon to do so. The form of classroom lectures is based upon traditional means of communication. With the advent of information technologies, significant changes in work patterns have been observed, such as increases in Interactive Video-Teleconferencing (IVC). The environment is one of rapid innovation. It seems likely, if not inevitable, that information technology is having a significant impact on the teaching methods.

These changes beg the question of how teaching could alter and exploit information technology and provide more effective and economical engineering education. Some clearly beneficial changes are already happening. Many educators are using the medium as an efficient mechanism to administer classes and assignments [2].
Various studies regarding the efficacy of technology-mediated course delivery have shown that when properly implemented, the remote delivery of graduate level courses can provide learning environments on a par with in-classroom (i.e., face-to-face) settings [4]. The interactive nature of the class sessions, and the ability of students at remote sites to participate in the learning experience, rather than passively observing (as occurs during traditional distance learning lectures), is thought to be a critical element in the performance of students at remote sites. Many factors influence student performance in an educational environment, but is possible to construct a combination of course framework and delivery method such that the performance of students at remote sites is generally comparable to that of students in the classroom. However, such parity is by no means automatic. Careful planning, regular feedback from students at the remote sites, and a continuing commitment to course improvement are important components of a successful effort in distance learning. [4]

Figure 3 Video-conference Classrooms at the University of Florida
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5. Use of ICT in International Engineering Education 

International affiliation of Universities with each other is an old concept, but adding another dimension to this traditional approach can open new ways of disseminating engineering education at the international level. It’s about time to take the present ICT one step further, by incorporating international factor into it.
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This can be a bridging stone between different countries and their students. It would be interesting to add the cultural and language dimension to the many challenges posed by the management of engineering projects by widely dispersed teams. Therefore, using video-conferencing coupled with online resources can be a new innovative method of disseminating engineering education globally, making this world a global village.  It surely will help in broadening the overall impact of new teaching technology.

The cutting-edge technology has already played a vital in reducing the time and distance needed to get the information across from one end to the other globally speaking. This use of ICT can be another milestone, which will enhance the application of current distance teaching methods. Figure 4 gives the recommended video-conferencing configuration for global ICT application, since its validity has already been checked in one of the recent studies [5].

5.1 Distance Learning Technology Analysis

According to the study conducted at the University of South Florida the geographic locations of the teachers and students can also impact the technology solution (Distance Learning: A Primer, 1997). The following table provides recommendations based on the number of sites. This analysis further strengthens the concept that Video-teleconferencing is probably the best distance learning technology available today for disseminating engineering education internationally in a virtual classroom setup.

Table 2 Distance-learning Technology Analysis
	Origination Sites
	[image: image1]Reception Site(s)
	Synchronous
	[image: image2]Asynchronous
	[image: image3]Technology

	One
	Many
	S
	
	Satellite videoconference

	One
	Many
	
	A
	Video/audiotapes, CD-ROM

	Few
	Few
	S
	
	Computer videoconference

	Few
	Few
	
	A
	Web-based education

	Many
	Many
	S
	
	Internet chat

	Many
	Many
	
	A
	E-mail


5.2 Limitation in the use of ICT internationally

ICT is the instrument that can help developing countries to be a part of the global economy. It is also a question of everybody’s right to get information. While ICT provides tremendous opportunities for the poor people of the developing world, there also exists a risk that the ICT revolution can enhance the gap not only between the rich and the poor countries but also between the rich and the poor people in the same country.
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Figure 5     Technical Description of Video-Conferencing System [8]

5.3 Implementing ICT as a Distance-learning Educational tool at the international level

Based on the general guidelines for the implementation of distance learning with some modification a four-phase process is recommended for ICT application:

1) Conduct needs assessment
The needs assessment or analysis phase consists of four parts: course analysis, audience analysis, instructor analysis, and technology analysis. 

Course analysis. The course analysis seeks to identify content areas that could be enhanced, expanded, or initiated through ICT. Begin by examining the instructional needs that are not being met and determining if distance learning could contribute. Potential areas could include courses that have a high demand, but few instructors; courses that are needed in geographically diverse locations; courses that would benefit from remote experts; and courses that could address special needs, such as homebound students. 

Audience analysis. Distance learning techniques such as ICT is not appropriate for all students. In most cases, a great deal of motivation and the ability to work in a self-paced environment are essential. Careful examination of the locations of the students is a must. For example: Will the instruction be delivered to schools or to homes? Can the students read? What are their learning styles? Is supervision required? 

Instructor analysis. With video teleconferencing, facilitators and technical support teams are also necessary. If the class is sent to several schools throughout the area, and remote students participate. At each site, supervisors must be in the room with the students; technical support staff must make sure that the equipment is functioning. 

Technology analysis. Selecting the most appropriate technology attributes depends on the content area, the learning styles of the students, and the existing hardware and software. 

2) Outline Instructional Goals and Objectives; Produce Instructional Materials

A well-structured distance-learning course must place instructional objectives foremost. The technology should be as invisible as possible -- just another tool that teachers can use to effectively convey the content and interact with students. 

After the goals and objectives are outlined, the instructional materials can be designed and developed. It is important not to underestimate the commitment required for this step -- creating effective materials for distance learning is an extremely time-consuming and energy-consuming process. Ample time must be allocated to ensure that the materials are accurate, appropriate, and structured to maximize the benefits for distant students and to minimize the limitations. 
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Figure 6    Implementation Process

3) Provide Training and Practice for Instructors and Facilitators
Teacher training programs are important to acquaint the teachers with the use of technology as well as to help with the re-design of the instructional strategies. 

In particular, most teachers need assistance and practice with: 

a)
Effective strategies for implementing small group activities and individual practice 

b)
Techniques for maximizing teacher/student and student/student interactions 

c) Successful approaches for integrating technology into the teaching/learning process 

d) Tactics for motivating students at a distance 

Facilitators and support personnel are also crucial to successful distance learning experiences. If students are located at remote sites, facilitators will likely be the on-the-spot contacts for the students. It is important that they are fully integrated into the course and communicate frequently with the instructor. In addition, support personnel are important for both the instructor and the students to ensure that the technology functions as it should and does not cause undue frustration. 

4) Implement the Program 

After the training is complete and a pilot test has been conducted to ensure the technology is functioning, the program can be implemented. One important factor to keep in mind is the need to include structured activities. Timelines, deadlines, and feedback help to motivate students and provide the framework the students need to function in a flexible environment. 

Another important aspect to keep in mind during the implementation phase is the need to emphasize interactions. Research strongly supports the need for interaction in distance learning initiatives. Students of all ages respond positively when they know someone cares. 

Conduct On-going Evaluation
Formative evaluation takes place throughout the development and implementation. At each step of the way, instructors and administrators should stop and review. In addition to querying the students, ask others who have implemented similar programs to assess the approach. Make revisions as often necessary. 

Summative evaluations take place after the instruction is completed and provides data for future planning. Evaluations can be conducted through surveys, achievement tests, interviews, or other methods. Careful analysis of summative evaluations can be used to identify both strengths and weaknesses of the distance-learning course, content, and approach. 

5.4 Area of focus
Some of the major concerns that still needs to be addressed, in case this new wave of ICT has to stay and has be used as an innovative teaching method for dissemination of engineering education at international level are:

1)
 Learning Goals - why should academia use it? And how do goals change using ICT? 

2) Audience Characteristics/Needs - is everyone ready to use it? How do we take age into account? What do we do about accessiblity? Does organisational culture have an influence? What motivation level is desired? 

3) Social, Cultural and Ethical Issues - how do learners socialise? What does accessibility mean for different cultures? What are the ethics of access? In a global market how will the third world stand? 

4) Development Process/Team and Institutional Issues - who will develop, dedicated support staff or experts? What are the staff development issues? How does use of the ICT fit in with Institution/Organization policy? 

5) Technology Issues - how do we choose the right technology? How important are standards? Does the technology really facilitate learning communities? How do we know we are getting value for money? 

6) Tracking Effectiveness - how do we know what we do is any good? Are desired goals being met? Which evaluation instruments are most effective? 

Hence comprehensively speaking the future success of ICT as an innovative teaching method depends on how this method aims to address the real-world applications. This depends on the approach being adopted by the educators and their proper understanding of the technology.
6. Conclusion (Specific Goals and Expected Outcomes)

Based on the current available literature, studies conducted and data, the specific goals that are stipulated for future consideration includes the following:

1) To explore the range of techniques employed to support teaching and learning using ICT. 

2) To identify tools that is of use and identifies scenarios where they are most useful. 

3) To identify examples of "best practice". 

4) To publish a "state of the art" review of ICT techniques and tools applicable to teaching and learning. 

It is stipulated that this new ICT has a great potential to become one of the leading teaching methods all over the globe. Making this world a global village. Researchers are very much optimistic about using ICT more extensively in the near future.
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Figure 4     Configuration of Satellite Video-conferencing
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