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Abstract

With rapid advances in communication and information technologies, globalization has become a reality in many aspects of today’s interactive world environment.  Economics as well as the engineering profession are among the top foundational elements shaping the global events.  The energy sector in general and interconnected electrical power networks in particular have long been cross-border linked.   While globalization has direct benefits in effective sharing of technology, resources and experience among the nations, it introduces great challenges in its implementation due to the diversity in both cultural differences and technical standings.  Engineering education must now include the global nature of system design constraints.  In the past two decades, engineering and technology applications have sharply grown. Graduate engineers are required to not only learn vast amount of technical information in a four- or five-year period, but also gain sufficient knowledge of economical and cultural impact in a multidisciplinary worldwide setting.  In this paper, the effects of globalization on engineering education are investigated.  The global trends in engineering curricula are reviewed.  The current needs of the power engineering profession and their impact on curriculum reforms are pointed out.  A brief comparison is made between power engineering curricula in the US and those in Egypt.  A methodology for effective teaching of engineering courses is also presented.

INTRODUCTION

Recent advances in communication and information technologies have resulted in the emergence of a global community where engineering education faces new challenges.  Globalization now entails more than ever the linkages of economical, technological, cultural and environmental dimensions across borders.  This multidisciplinary integration process imposes on engineering education the need for the transition from traditional methods to a continually changing education paradigm.  In response to this need, a few attempts have been made to internationalize engineering education [1]-[3].  A general structure for an international engineering degree has been proposed.[1]  On one hand, the Input-Output–Outcome (IOO) model for a traditional engineering degree was to achieve a high level of technical competence with the outcome of successful engineering of the natural environment without feedback to the input.  On the other hand, the IOO model in the desired engineering degree will be both technically competent and environmentally sensitive graduates.  The outcome in this case, includes sustainable practice integral to design and effective long-term resource management.[1]  In order to achieve this outcome, a continuous feedback to the curriculum must exist to reflect the emphasis on the role of the professional engineer in management, leadership and development of skills for multidisciplinary  approach to problem solving.

Most engineering programs in the USA are evaluated through the Accreditation Board of Engineering and Technology (ABET) which develops and updates its evaluation criteria and periodically carries out the accreditation process.  In Criteria-2000, ABET focuses on self-study and outcome assessment of engineering programs.  These programs are required to demonstrate that graduating engineers have: [4]

· ability to apply engineering, science and mathematical knowledge

· ability to design components, systems and interpret experimental data

· language and communication skills

· knowledge of multidisciplinary subjects and team work

· self-assessment and continuous learning capabilities

· ability to effectively use engineering tools

· understanding of professional and ethical responsibility 

In addition to the above requirements, engineers under globalization would need both the knowledge of international standards and practices and the mobility across borders.   In Europe, the traditional engineering education follows either a short (3-4 years) or a long (typically 5 years) program.[2]  Since most universities in Europe teach in their national languages, the employability of their graduates across boarders has been limited.  Recent European trends in engineering education, however, include the adoption of a system of comparable degrees and comparable criteria and methodologies in quality assurance, development of a credit-system thus promoting student mobility and promotion of international competitiveness of higher education system.  

In the wake of globalization of economy and related fields, global trends in engineering education thus point toward a closed-loop education model where the program assures continuous self-assessment and improvement on the engineering graduates’ broad knowledge with emphasis on design capability in multidisciplinary and global settings.  New trends in engineering education also involve design capabilities [5]-[8] and team work approach by establishing closer ties between engineering students and industry. [9],[10]

In what follows, an evaluation of modern power engineering education is made.  Factors influencing power engineering curricula under globalization are identified.  In particular, ways of further strengthening the outcome of educational exchange programs between the US and Egypt are pointed out.  For electrical engineering programs in Egypt in general and power programs in particular, it is suggested that closer interaction between industry and classroom is developed.  Field training as a part of curriculum would help students identify real-life problems facing engineers in industry.  This can intern both motivate subject grasping and provide opportunities for student contributions in possible solutions to those problems. 

education of Power Engineering

Traditionally, the power engineering curriculum has remained confined to a circle of specialized sub-disciplines such as power generation, transmission and utilization sectors.  In a typical 4- or 5-year program, power engineering graduates had been able to cover most of the above specialized areas in addition to extensive background in science and mathematics.  Advances in computer and communication technologies have expanded power applications tremendously.  Power engineering is now a multidisciplinary field more than ever.  Almost every engineering system is in need of an efficient power source.  Furthermore, globalization of economy has imposed additional dimensions to the power engineering profession including environmental and cultural constraints.  Interconnected power transmission networks span boarders in North America, Europe and Middle East.  Therefore, communication and foreign language skills have become essential assets for power engineers.

With the vast amount of subject materials to teach in the power engineering field in addition to the critical need for humanities and related skills, the challenge is how to reform a balanced curriculum optimized to face the emerging globalization constraints.  While a typical undergraduate engineering curriculum in the US requires only about 130 semester units, Egyptian Universities impose some 200 units for an engineering degree.  The US curriculum is built around a solid general education coverage limiting the specialized field to a balanced core requirement in addition to a small number of elective courses.  On the contrary, engineering curricula in Egypt offer a limited number of general education courses besides comprehensive and strong specialized fields.  The current trend in Egypt is to gradually increase the general education content and continuously reform the degree requirements.  The engineering graduate from a US university has thus balanced general education and core requirements and is set to gain deeper specialized knowledge out in the industry.  One advantage of this generalization is that there is still an opportunity for the graduate to further select a field of specialization based on the nature of his startup industrial positions.  The engineering graduate with a specialized field, as in Egypt, has too an advantage in gaining a solid knowledge in a specific subject early-on, thus acquiring a better opportunity for securing a suitable career or continuing for a graduate degree.

Due to these differences in curriculum requirements, the process of student transfer from Egyptian Universities to the US Universities must be evaluated.  Students with 2 or 3 years in an Egyptian University wishing to complete the B.S. degree in a US University are likely to be required to take a larger number of units than what they would need to complete the degree at their home University.   Students, who have completed a B.S. degree in Egypt, however, could continue for a graduate degree in the US without being required to take additional general education courses except for some technical writing or language courses.  Future reforming efforts can aim at both minimizing these extra units and providing smoother transition.  This may in-turn result in enhancing and expanding the ongoing educational exchange programs between USA and Egypt.

EFFECTIVE TEACHING OF ENGINEERING COURSES

The methodology of teaching engineering courses varies largely based on nature of the subjects covered.  However, there are common practices to follow that would result in effective outcome of the course.  For power engineering courses, these practices may be divided into three categories:

1. Classroom Performance

The instruction performance may be significantly enhanced by adhering to the following steps:

· Evaluate the level and mathematical background of students early-on in the course

· Cover the necessary prerequisite background (inclusion of a detailed review chapter)

· While following the course outline, achieve a gradual progress in depth of subjects presented

· Apply oral probing questions continuously.  This results in both gaining the attention of students and test their preparedness for the immediate topic to follow. 

· Present numerous examples with a gradually increasing difficulty

· Allow group problem solving in class as time allows

· Continuously monitor  student progress though quizzes

· Include practical examples with typical values and show how to identify apparent errors in solution results (results that are significantly out of the practical range)

2. Use of Software Tools

The use of simulation software tools to aid classroom instruction can save enormous time and allow covering of a larger number of topics.  It can also assist in deeper grasping of complex topics.  In power systems, topics that would traditionally need two or three separate courses may be offered in a regular 3-credit hour course.  For example, in a senior level course, topics such as transmission line modeling, load-flow analysis, symmetrical components, short-circuit studies, distribution system analysis (voltage-drop and power loss calculations), and power quality analysis including harmonics may all be covered in one course with the help of a software simulation tool.  By using these tools, students can model real-live examples, get results and study what-if scenarios during the regular class time period.   The software can also help instructors evaluate the student grasp of subject material since individual students can build their own separate projects in class, go though the design process and obtain output reports or plots specific to their projects.

3. Industrial Training

Practical training of engineering students before graduation is critical under globalization.  By interacting with industry during undergraduate study, students can be directly exposed to the current technical developments as well as to any problems that might be arising.  Effective collaboration between engineering schools and industrial firms is beneficial to both sides.  While, students receive the practical training they critically need to compete in the global society, the industrial sector may come across innovative solutions or ideas offered by student-faculty teams.  These innovative approaches can lead to product enhancement or efficient operation thus returning benefits to industry.

Due to the large number of students in engineering classrooms, especially in Egypt, it would not be possible to involve every engineering student in an industrial practical training session.  A selected number of students, however, can enter this program in their 3rd year of school.  The selection process may be based on previous grades or on a specific test designed for this purpose.  This process could yield engineering graduates with hands-on experience ready to enter and accelerate in the global market.

While teaching methods can largely vary based on the subject taught or from instructor to another, the author’s methodology, presented briefly here, has proven very effective on numerous engineering courses over a long period of time.

CONCLUSIONS

The globalization merits of international sharing of technology, resources and experience face challenging factors due to both variable technical standings and cultural differences among nations.  These challenges may be overcome through reforms in engineering education.  Global trends in engineering education aim primarily at providing multidisciplinary and communication-skilled graduates.  The graduation requirements of engineering schools in the US are somewhat different from those of Egyptian Universities.  While these programs in the US focus on general education with a balanced core of engineering requirements, engineering curricula in Egypt impose larger number of specialized courses with a relatively less emphasis on general education.  Effective teaching of electrical courses can be achieved through a rigorous classroom instruction performance in addition to using software tools which enhance student grasp of complex subjects and help cover extended course topics.  The linkage between graduation projects and industrial real-life problems would help both industry, especially in developing countries, and the quality of engineering education.  Training of students on various practical fields in industrial sites during the 3rd or 4th year of their program can help bridge the gap between industry and classroom performance.
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