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ABSTRACT

The arrival of the Information Age has elevated the importance of education to that of a national survival strategy and has spurred educational reform movements around the world. Since international competition has been transformed into competition in technological competence, the public’s interest in science and engineering education has intensified. In addition, globalization and accompanying rise of multinational corporations have accelerated the movements of workers across international borders. As a result, the entire engineering community is faced with two basic issues: how to improve engineering educational programs, and how to facilitate the mobility of engineering students and graduates across international borders. In response, we would like to make two interrelated proposals. First, we call on engineering societies around the world to establish an accreditation body and institute a system of accreditation in their respective countries. The mission of this national accreditation is to assure the quality of the educational institutions within the individual countries. Second, we propose the establishment of an international organization whose purpose is to recognize the accrediting bodies of individual countries. The mission of this international accreditation would be to assure quality at the international level. The students and graduates of internationally accredited programs would then be allowed a greater degree of freedom (or rights) when moving across international borders.

INTRODUCTION

The need to facilitate the mobility of engineering students and graduates

To date, the international movement of engineering students has been mostly unidirectional—students from less developed nations to developed nations—and primarily for the purpose of pursuing advanced degrees. In most cases, the quality of the students’ home institutions is irrelevant because standardized exams are used to assess the quality of students. For example, in the case of the US, the students from abroad are tested for their proficiency in English and for competency in technical knowledge through the Test of English as Foreign Language (TOEFL) exam and the Graduate Record Exam (GRE), respectively. This amounts to verifying the quality of students on an individual basis.

Now, both the frequency and the nature of international exchange and interaction have changed. For example, the European Union (EU) is providing funding for students to spend part of their curriculum at an institution in another member state. Another program promotes students to perform industrial projects in companies outside their home country.
 The success of the EU with this cooperative exchange program has spurred similar programs in the US and elsewhere. With support from industry and government, the Institute of International Education in the US has implemented the Global Engineering Education Exchange. The aim of this program is to provide a mechanism for placing advanced undergraduate US engineering students in overseas educational institutions and industry. Korea is planning to send a large number of engineering students, both undergraduate and graduate students, abroad for a short time, generally for less than one year.

The movement of practicing engineers across international borders is also on the rise. The EU has organized the Europe Federation of National Engineering Association (FEANI) to facilitate the movements of practicing engineers in Europe by granting them the designation “Eur. Ing.” FEANI is a federation of 22 member countries, including all 12 European Union member states, representing 58 national engineering associations.

Furthermore, multinational corporations, such as Ford Motor Co., are forming consortia with educational institutions from several countries to satisfy the special needs of their employees who frequently move from one country to another. The international educational consortia are to provide their employees with a “seamless education,” in which the course credits earned from any of the participating institution can be banked toward a degree from any other participating institution in the consortia.

In sum, the movement of students and graduates across international borders has become more diverse and complex. Now, more students are studying abroad, more students are doing it for a briefer duration, and the decisions to do so are made more spontaneously. The process of verifying the quality of students individually through standardized exams, however, is no longer practical. Students are deciding daily to study abroad, while exams are administered very infrequently. In addition, if a student wants to study abroad for a short period, a long wait to take an exam and get results could prevent overseas study all together. The time is ripe to address the following pedagogical and administrative questions. Should the credits earned by a student from a university in one country be transferable to another university in another country? Should there be an international standard for engineering education? Should an engineer licensed in one country be allowed to practice in another country?

The need to improve accountability

The issue of mobility is related to the issues of credit transfer, degree transfer, employment, professionalism, and licensing. But, these issues are further connected to the issues of quality, standards, assessment, public information, and public trust. It is very common nowadays to have engineers from one country construct buildings and bridges in other countries. Also, the products that are designed and tested by engineers in one country are being used by people in other countries. The quality of engineers in one country is no longer a local issue, limited to a single country. The rise of free trade has made it a legitimate concern of the citizens of all nations. That is, we can address the issue of mobility only in conjunction with the issue of accountability. However, the issue of accountability deserves full attention in its own right for the reasons stated below.

Alvin Toffler pointed out that societies evolve from an agricultural to an industrial to a post-industrial society, accompanied by a fundamental “power shift,” from force to capital to information.
 The competitive edge of a nation in the international market, once driven by cheap (and relatively uneducated) labor, is now dependent on the productivity of its highly educated knowledge-workers.
,
 Therefore, building and expanding human capital through education has become an essential strategy for survival for many nations. That is, the power shift must be accompanied by a corresponding “educational shift,” from no education to some education to higher education.

Realizing the connection between the quality of higher education and national economic competitiveness, many nations around the world are investing heavily in higher education.
 The US, for example, is making higher education more accessible to its citizens by providing tax relief and financial assistance for the first two years of college education.
 Germany and England are also attempting to reform their educational systems.
 Korea has just launched a massive program to restructure its national system of higher education.

The public is more than ever aware of the importance of education and also is spending more money on it than ever. Thus, they are demanding a higher level of quality from their educational institutions. However, a close scrutiny of the state of education has revealed gross inadequacies and has generated a great deal of skepticism regarding educational quality. Engineering programs are not immune to criticism. For example, surveys and studies have shown repeatedly that practicing engineers and educators are completely satisfied with neither the average engineering program
 nor its graduates.
 To rebuild public trust, educators must now seriously deal with many issues: What is the best way to evaluate the quality of education? What would be a good balance between standardization for quality control and diversification to allow innovation? What mechanism is appropriate to communicate the quality of an educational program to the public? What can be done to promote excellence in education?

PROPOSAL 1: NATIONAL ACCREDITATION

In response, we would like to call on engineering societies around the world to establish an accreditation body and institute a system of accreditation in their respective countries. The mission of this national accreditation would be to assure the quality of the institutions within the individual countries.

The system of accreditation what we are proposing here is neither a new concept nor unique to a particular country. It has been practiced for over 70 years in the US. Other countries with an accreditation system are Canada, H.K., New Zealand, England, and Australia. Korea and Japan are currently developing a system of engineering accreditation and will begin accreditation with a year.
,
 Vietnam is considering an accreditation process similar to that in the US as “a step toward improving overall coordination and management efficiency.”
 However, the concept of accreditation is still unfamiliar in many countries and needs to be explained in detail. For the sake of illustration, we begin by describing the concept and practice of the Accreditation Board for Engineering Education of Korea (ABEEK), which is modeled closely after the Accreditation Board for Engineering and Technology (ABET) of the US.

Accreditation achieves multiple objectives

Accreditation is a status granted to an educational institution that has been found to meet or exceed stated criteria of educational quality. It has two fundamental purposes: to assure the quality of the institution and assist in the improvement of the institution. It also helps the public make important decisions about education. Accreditation is an important consideration for:

· Students choosing an educational program

· Parents seeking assurance of a quality education

· Institutions seeking to improve the education provided by their programs

· Employers recruiting well-prepared graduate

· State registration, licensure, and certification boards screening applicants for entry into professional practice

· Industry seeking to voice educational needs to institutions.

Accreditation is program-specific

Korea already has in place a system of institutional evaluation, which is aimed at assessing the overall operation of a college from a broad perspective. The institutional assessment is base on general criteria such as student faculty ratio, reputation, admission selectivity, and university endowment. Site visits are conducted by a team of evaluators with various professional backgrounds.

While this type of evaluation may yield some insights regarding the quality of an institution, it cannot properly assess the quality of a specific professional program. In particular, assessing a highly technical program such as engineering requires a far more refined set of evaluation criteria and the involvement of professionals who are knowledgeable about the program as the primary evaluators. Therefore, the Korean engineering community has embraced the establishment of ABEEK, a program-specific accreditation.

Accreditation body is a federation of engineering professional societies

ABEEK is represented primarily by the eleven largest professional societies, the National Academy of Engineering of Korea, the Korean Association of Deans of Engineering Colleges, and the Korean Society for Engineering Education and Technology Transfer. The fact that it is a federation of professional engineering societies is important for two reasons.

First, being an organization of the Korean engineering community, ABEEK has generated a sense of ownership among engineering educators. Although it could have been perceived as yet another bureaucratic system, ABEEK has enjoyed full support and widespread participation during its preparation stage. Unlike other evaluations, which tend to be unpopular with educators, ABEEK has encountered virtually no resistance.

The second important point is that the professional societies have joined to form a single accreditation body for all engineering programs, rather than establishing one for each major field of engineering. This is a fortunate development because the explosion of knowledge and the proliferation of interdisciplinary fields have severely strained the traditional boundaries and structure of academia and professional societies.
 Having separate accreditation body for each field and sub-field of engineering would be unmanageable. We believe that a single accreditation body, which is a federation of all engineering societies, makes the system adaptable and responsive to future needs.

Accreditation is a formative evaluation

Generally a country has a system of checks and balances to manage its educational system. The quality of educational institutions and programs is evaluated either formally by a governmental agency or informally by independent organizations such a newspapers and magazines.
 These types of evaluations are best described as summative in that the main objective of the evaluation is to summarize or reduce various criteria to a single grade or ranking that purportedly represents the academic quality of an institution or a program.

The summative evaluation can be effective in improving educational quality by exerting public pressure on educational institutions to be more accountable and competitive. The impetus for improvement often comes from the veiled threat of public humiliation, when ranked low, or from the sense of prestige and pride, when ranked high. Given a finite number of evaluation criteria, the summative evaluation can end up being superficial and limiting. Therefore, summative evaluation can distort the values of educational institutions and can be detrimental to innovation in the long run. Furthermore, because of either a perceived or a real power differential between the evaluators and the evaluated, their relationship tends to be hierarchical, adversarial, and distrustful, none of which are conducive to developing the healthy relationships and teamwork needed to promote innovation and improvements.

In contrast, accreditation can be formative. That is, one of the primary objectives of accreditation is to directly assist educational institutions and programs in improving their quality. This is achieved by adopting an accreditation procedure that respects the uniqueness of each individual institution and program, emphasizes the dual role of evaluation and consultation, and promotes open communication. In short, the relationship between the evaluators and the evaluated is characterized by mutual respect, cooperation, and trust.

Accreditation criteria are comprehensive.

The ABEEK criteria address several major aspects of engineering program, including faculty, administration, facilities, curriculum, and students. The quality and the number of faculty are important to ensure a full coverage of curriculum. The administration must show strong institutional commitment to the engineering program. The facilities—such as classrooms, laboratories, and library—must be commensurate with the mission and the vision of the program.

The accreditation criteria for the curriculum have two aspects: quantitative and qualitative. On the quantitative side, the curriculum must have as a minimum a total of one year of mathematics, basic sciences, and computer experience; a total of one half year of humanities and social sciences; and one-and-a-half years of engineering science and design. Educators are free to use the remaining year to design a curriculum unique to their program. ABEEK seeks to strike a healthy balance between standard of quality and innovation.

On the qualitative side, the program graduate must demonstrate that they have mastered all engineering fundamentals and some combination of basic knowledge/skills and technology. The engineering fundamentals include the ability to apply scientific and engineering knowledge; to design and conduct experiments; to analyze and interpret data; to function on a multidisciplinary team; and to identify, formulate, and solve engineering problems. The basic knowledge/skills include professionalism, ethics, communication skills, lifelong learning skills, and knowledge of contemporary issues and world cultures. Finally, engineering technology deals with the ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.

Accreditation criteria are forward-looking

ABEEK criteria, which are almost identical to the ABET Engineering Criteria 2000, warrant several comments. First, the criteria emphasize “soft” skills as much as “hard” technical knowledge and skills. This dual emphasis is in response to the needs identified by industry, which has embraced concurrent engineering, total quality engineering, and down-sizing. Furthermore, more and more engineers are becoming self-employed, either as consultants or entrepreneurs.
 The functions of engineers have expanded to satisfy the needs of our technology-dependent society to employ workers with varying technological proficiency.
 What these trends imply is that engineers can no longer be mere technologist; they now must be socio-technologists who are effective communicators and adept in interpersonal skills.

Secondly, the word use, apply, analyze, formulate, and interpret are used throughout the criteria. The deliberate choice of these words is pedagogically profound because these words reflect Bloom’s Taxonomy, which categorizes educational objectives according to six hierarchical educational objectives. ABEEK is not satisfied with lower educational objectives—knowledge and comprehension—but is promoting higher levels—namely, application, analysis, synthesis, and judgment.

In summary, ABEEK is expected to provide strong leadership and guidance to promote excellence in engineering education in Korea by reflecting the needs of the society and aiming to achieve the highest level of educational outcome.

Other characteristics of accreditation procedure

In addition to the above, there are other characteristics that distinguish accreditation from other types of evaluations. Table 1 summarizes the most important characteristics, contrasted with those of a conventional evaluation.

Table 1: Comparison between conventional evaluation and ABEEK


Conventional Evaluation
ABEEK Accreditation

administration
governmental

mandatory

bureaucratic
non-governmental

voluntary

self-governance

objective
evaluation

summative
evaluation & consultation

formative

relationship
hierarchical

adversarial

distrust
collegial

cooperative

trust

process
unidirectional

ad hoc

short term
bi-directional

on-going

long term

criteria
prescriptive

quantitative
indigenous

qualitative

focus


efficiency
efficacy/effectiveness

attitude
standardization

adherence

authoritative
uniqueness

experimentation

autonomous

results
reductive

ranking
reflective

no ranking

consequence
uniformity

stagnation
diversity

innovation

PROPOSAL 2: INTERNATIONAL ACCREDITATION

In addition to the proposal for national accreditation, we propose the establishment of an international organization whose mission is to recognize the accreditation bodies of individual countries. The mission of this international accreditation is to assure the quality of the educational institutions worldwide. The students and graduates of international accredited programs would then be allowed a greater degree of freedom (or rights) when moving across international borders.

There have been previous efforts at internationalizing accreditation. Those efforts seem to fall into three categories: establishment of a uniform international standard, cloning an advanced accreditation system, and mutual recognition. In the following, we summarize the efforts under each category, identifying important issues, and then propose a fourth category—an international organization that recognizes national accrediting bodies.

Uniform international standard

There has been a call to promote general rules for academic accreditation on an international level, although the call has been limited to an economic block, such as the North American Free Trade Agreement (NAFTA) countries.
 This is akin to developing ISO standards for engineering education. Just as an ISO-certified products and systems, which have satisfied international standards of quality, are readily exchanged on the international market, an international quality standard for education would also facilitate the movement of students an graduates across international borders. The development of worldwide standards would also improve international communication and collaboration.

Cloning of accreditation

One step towards an international standardization would be to clone the effective accreditation system of one country and implement it in other countries. The diffusion, and the eventual dominance, of one particular accreditation system would establish a single standard of quality by default. ABET has been very active in this respect.
 For example, in 1991, ABET assisted in establishing engineering accreditation systems in Mexico and the Ukraine. In 1995, ABET signed a memorandum of understanding (MOU) with a branch of the United Nations Educational, Scientific and Cultural Organization (UNESCO) and agreed to cooperate in the organization of national engineering accreditation activities in Latin America and Caribbean. MOU allows ABET to exchange information and consult with developing accreditation organizations in other countries.

Mutual recognition of accreditation21
ABET has also entered into a number of mutual recognition agreements (MRA) with accrediting organizations in other countries. These agreements recognize other accreditation systems as comparable to ABET accreditation. In turn, these accreditation systems recommend that graduates from accredited programs in member countries be granted the same privileges for entry into the profession. The first MRA was signed in 1979 between ABET and the Canadian Engineering Accreditation Board (CEAB). They agreed to accept as comparable both the criteria for accreditation of engineering programs and the guidelines used by ABET and CEAB. Each party accepts the accreditation decisions made by the other party and they recognize as acceptable the educational preparation of each other’s engineering graduates. In 1990, the bilateral agreement between the US and Canada expanded into a multilateral agreement among six nations called the Washington Accord. In 1993, H.K. and South Africa were accepted for membership in the Accord.

International recognition body for accreditation

We believe that each effort to internationalize accreditation has some merit. To ease the mobility of engineering students and graduates across international borders, the international community needs to agree on a standard of quality. The countries without an accreditation system should take advantage of the existing systems in other countries, instead of reinventing the wheel. However, while cloning may work in some countries, certainly some modification would be necessary in most. The culture, tradition, and educational system of the country must be given all due consideration when importing an accreditation system from another country. The concept of the mutual recognition agreement as developed by ABET allows for differences in accreditation criteria and procedures. ABET uses the term “substantially equivalent” to indicate that each accreditation system has policies and procedures in place to ensure educational quality, but that does not mean identical formats and methods of delivery are required in either systems or educational experience. It does mean that “the engineering programs are comparable in content and educational experience and that the graduates possess similar competencies to begin engineering practice at the entry level. It is on this basis that the signatories recommended to their respective registration or licensing boards that graduates of accredited programs be accorded the same licensing privileges as the home country graduate engineers.”
Bilateral agreements between two countries can grow into multilateral agreements among many nations. However, the ad hoc nature of the multilateral agreements is manageable only when the number of countries are limited. Also, it is easy to foresee the emergence of several mutual recognition agreements based on the existing common markets, such as EU and NAFTA. The regional accreditation system may promote mobility within the region, but may actually inhibit mobility beyond the region.

In view of these issues, we would like to propose that the concept of mutual recognition be modified such that the agreement is established not between countries, but between a country and an international organization. The difference is illustrated in Fig. 1. 

It is not difficult to imagine the complexity of a system of multilateral agreements when the number of countries involved grows beyond six or so. In fact, an attempt to reach a mutual recognition agreement between the six-member Washington Accord and the 22-member FEANI failed in 1989. We believe that it would be simpler to establish an international organization to function as the center of mutual recognition.







Figure 1. Various types of mutual recognition systems (using six nations as an example). O represents a country, ( represents the international organization

The international organization may consist of representatives from national accreditation bodies and may draft criteria for international recognition of national accreditation bodies. We recommend that the criteria be kept to the bare minimum to allow diversity in engineering programs. It is imperative that cultural differences not only be respected but actively encouraged. If engineering is to progress, we must allow experimentation and honor the courage to be different. 

The engineering programs accredited by an accrediting body which, in turn, is recognized by this international organization would be considered to satisfy an international standard of educational quality. The students and graduates from such programs would then be conferred an agreed upon amount of recognition when they wish to pursue academic or professional activities across international borders.
The main advantages of having an international organization for accreditation are summarized below.

· It brings the international engineering community together to address the needs of engineering students and graduates to be mobile internationally.

· It is open to any country. The system of bilateral or multilateral agreements can become exclusive, whereas the proposed system in inclusive. All countries are welcome.

· It is neutral. It is not subservient to a particular country’s accreditation body. 

· It promotes communication and understanding, since consensus is the mode of decision making.

· While maintaining a worldwide standard of quality, it allows for differences in system of education and accreditation procedure.

· It reduces the need to assess engineering graduates on an individual basis. Accreditation may serve as a first step toward licensing.

The expected net result is the enhancement of the quality and status of engineers throughout the world.

SUMMARY
Globalization has accelerated the movement of engineering students and graduates across international borders. Free international trade has made people in one country dependent on the products and services of engineers in other countries. As a result, the issue of the quality of engineering education is no longer a local issue, but has become an international one. To facilitate the mobility and enhance the quality of engineers, we make two interrelated proposals. First, we call on engineering societies around the world to establish an accrediting body and institute a system of accreditation in their respective countries. The mission of this national accreditation is to assure the quality of the institutions within the individual countries. Second, we propose the establishment of an international organization whose purpose is to recognize the accrediting bodies of individual countries. The mission of this international accreditation is to assure quality at the international level.  The students and graduates of internationally accredited programs would then be allowed a greater degree of freedom (or rights) when moving across international borders.
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