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Issues and Challenges of Teaching Engineering Ethics Nael Barakat, Ph. D., P. Eng. Assistant Professor, Mechanical Engineering, School of Engineering and Technology, Lake Superior State University 650 W. Easterday Ave. Sault Ste. Marie, MI. 49783 Voice: 906.635.2031 – Email: [email protected] Teaching engineering ethics has always been a challenge. At one hand, the new ABET criteria emphasizes teaching ethics in engineering. However, engineering curricula are overburdened, causing a significant logistical and pedagogical problem. Consequently, many reports on ideas to overcome this problem have been produced. On the other hand, the continuous challenge is associated with societal implications of technology, as both engineering practice and society, continue to change. In particular, two major issues are discussed: the first is the idea of borderless ethics and the attempt to develop a global engineering code of ethics. The second issue deals with the fundamental right of engineers to comply with their professional standards and ethical codes, and the amount of respect and protection they receive when attempting to do so. This paper discusses the aforementioned challenges while adding an international dimension. Drawing upon experiences resulting from working in both the USA and Canada, being registered as a professional engineer in Canada, and then working as a teacher of professional ethics to engineering students at Lake Superior State University in Michigan, which has a significant contingent of Canadian students, some insights are provided that are of interest and benefit to engineering educators and students.



1. INTRODUCTION In our day, engineering and technology have an indisputably enormous effect on human everyday-lives. This effect is continuously increasing and changing in nature causing the formation of different social and political responses. In fact, the impact of technology and engineering on society and the importance of engineering ethics and social responsibility have always been controversial issues that directly influenced the educational process of engineers and technologists. This is evident as engineering educators attempt to produce engineering professionals who are technically competent and ethically aware. In addition, ethical awareness and societal responsibility have been promoted by the Accreditation Board for Engineering and Technology (ABET) most recent criteria [1], which is a common standard for most engineering education organizations in the USA as well as some international organizations. However, teaching engineering ethics has proven to be a challenging endeavor for both students and educators, in many aspects. These challenges can be classified under two categories: the first category includes challenges that are associated with logistics and pedagogies, and the second category includes challenges that



are associated with engineering ethics implications and applicability. As an example of the first category of challenges, engineering curricula are already over-burdened and attempting an addition of any new components to these curricula would be an extremely tricky task. Consequently, engineering educators have come up with many intelligent methods and ideas to accomplish the task of adding engineering ethics education to the curriculum with the minimum negative impact possible. This resulted in many published reports detailing the various methods and ideas to overcome this problem and the relevant experiences and results [2, 3]. On the other hand, the problems related to engineering ethics teaching implications on society, and the applicability of the material, continue to produce challenges. This is due mainly to the changing nature of technology and society. This paper discusses some of these challenges facing engineers and engineering educators as they try to incorporate professional ethics into their fields. In particular, two major, and intertwined, issues will be discussed. The first of these is the idea of borderless ethics or the attempt to develop and influence a global set of engineering ethics code. The second issue deals with engineers fundamental rights to comply with their professional standards and
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ethical codes, and the amount of respect and protection they receive when attempting to do so. An international dimension is added to this discussion through a general comparison regarding engineering ethics between the USA and Canada. Choosing Canada was based on its close ties with the USA as the closest neighbor and NAFTA partner, as well as the authors own experiences resulting from working in both the USA and Canada. Being registered as a professional engineer in Canada and currently working as a teacher of professional ethics to engineering students at Lake Superior State University in Michigan, which has a significant contingent of Canadian students, strongly motivated this work to provide some insights that are of interest and benefit to engineering educators and students.



2. DYNAMICS OF ETHICS EDUCATION IN ENGINEERING



The dynamics of engineering ethics education are directly linked to the rapid changes experienced in engineering products and practices, as well as the societal changes. More and better products are produced by global engineering teams on a daily basis. Engineering and technology today are borderless. Geographical barriers have been eliminated by many factors like information technology highways, manufacturing and services outsourcing, and international industrial partnerships, to name a few. Consequently, engineering education is now global, engineering conferences and meetings are international, and that implies the need for a set of engineering ethics that has a global base and vision. Moreover, a variety of ideologies and cultural practices have to be understood and incorporated in engineering ethics education forcing academia to adapt to these changes. In addition to changes, globalization brings new opportunities with it. Holistic or integrated engineering is one of these new opportunities bringing effectiveness to engineering teams that are multicultural, multidisciplinary, telecommunicating across the globe, and much smaller in size compared to traditional engineering teams. Success in such an environment requires a good education in handling uncertainty, teamwork, and societal and ethical considerations. This, in turn, evolves to be a challenge to the engineering educator. Identifying these challenges and opportunities will help take engineering ethics education a step closer towards a global context. The recent



ABET accreditation criteria (2004-2005) for engineering programs outcomes and assessment helps in this identification process. The criteria emphasize issues like the ability to function on multi-disciplinary teams and the understanding of professional and ethical responsibility as well as the broad education necessary to understand the impact of engineering solutions in a global and societal context [1]. Practicing engineers in industry, who work on multinational projects and multidisciplinary design teams, can provide vital information on issues related to the global dimension in their profession. In a survey to gain information on technical and professional attributes of engineering graduates at the University of Illinois, the top three important attributes that engineers in the field presented were: identifying and solving problems, communications skills, and high professional and ethical standards. The least important attribute was the understanding of world affairs and culture. The top three important attributes ranked 4th, 8th, and 7th, respectively, as engineering graduates expressed their perception of their relative preparedness. Surprisingly, the least important attribute ranked at one before last as graduates expressed their perceived preparedness of it! This information becomes critical as engineering educators attempt to understand the dynamics of engineering education in general and the changing nature of engineering ethics education in specific. While the rank of importance of a certain concept reflects the engineers’ actual need of it during the practice of their profession, the perceived preparedness reflects the amount of emphasis that was placed on the relevant concept during college education. The fact is that industry and faculty do not actually agree on the important issues in engineering education, especially ethics education [4]. On the other hand, faculty has actually succeeded in producing engineers that know more about number crunching than anything else…! Another interpretation of this data might be that it reflects the overburdened engineering curricula and how each element in the engineering degree is not getting its sufficient emphasis as a result of overcrowding the degree. In fact some professional organizations are promoting the concept of the master’s degree or equivalent to be the first professional engineering degree [5]. These evidences support the fact that engineering ethics education has a dynamic
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nature. This nature is the result of ethics being the side of engineering that has to deal simultaneously with both a changing profession and a human and societal aspect, which is also changing. The important conclusion is that engineering education has to respond to these changes, with at least a similar speed, to avoid becoming obsolete.



3. GLOBAL



ENGINEERING



ETHICS



CONCEPT



In response to the global dimension in engineering practice, attempts have been reported towards the establishment of an international set of standards for engineering ethics. The natural result is for this dimension to reflect on engineering ethics education. Although most engineering ethics education in the USA is still national in character, with some international flavor superimposed on it, some significant contributions can be realized from the American experience in this field towards the formation of an international context. Examples of this experience include the strong emphasis on public safety, engineers’ competency and objectivity, emphasis on making fair and meritorious decisions, avoidance of conflicts of interest, honesty, and confidentiality of the work [6]. However, for many reasons, some important topics have not been well handled by the American experience. Examples of these are the emphasis of respect to human rights, since it’s a concept taken for granted in the USA. Other examples include ensuring the rights of engineers, public role of engineers, intellectual property, natural resources and environment wise use and preservation, and concern for the implications of technology. Accordingly, contributions by other international experiences will prove to be of great value as an international context is attempted. In a published report produced by a an international project and funded by an NSF grant, a model attempt towards borderless common standards under the North American Free Trade Agreement (NAFTA) for American, Canadian, and Mexican engineers was attempted [7]. Engineers representing the three countries developed a mutually agreed upon set of robust ethical principles. The published final report of the project was submitted to the US Free Trade Commission in June 1995. This report included a comparison between sample codes of ethics from each country. American code was the only set that addressed issues like the disclosure of



conflict of interest, whistleblowing in the public interest, adequate compensation, confidentiality override, rejecting kickbacks and political undue influence. The Canadian code, single-handedly, addressed issues like credit where due and reporting of illegal or unethical engineering decisions and practices to appropriate authorities. The Mexican code, alone, emphasized issues like wise resource use and conservations and compliance with environmental laws. However, none of the codes addressed issues like avoidance of unfair competition, wise use and conservation of energy, or attempting to do better than environmental law. This model provides a good view of different national standards that have common aspects to which we can appeal and uncommon aspects that we can learn from. This also shows that different cultures have different bases for decisions and actions. In comparison to the professional ethics bases in the western hemisphere, many societies around the world do not emphasize the individual or common ethical theories similar to those used in the USA for example. In fact, some societies have their own basis for moral and ethical norms, regardless of the profession of the individual, deeply rooted in their beliefs [8, 9]. This knowledge invokes the principle of common morality, which is the standard of conduct that every reasonable person would agree on, and the common grounds to start an international standards project. Since the rest of the world have different ethical foundations, at first glance, one might imagine that ethics learned at one part of the world might not be applicable at another part. Nevertheless, this is not true. Ethics are not geographically or culturally bounded, especially the common morality part of it. Ethical thinking has developed similarly around the world and is not dependent on a western cultural or eastern religious tradition. The NAFTA model is a good example of how common morality can be found and utilized. An international code of ethics needs to be created by the international engineering community where effective debates and discussions in the process will allow differing views to be expressed and progressive accommodations to be made. This is the first basic conclusion that is suggested to guide the efforts towards establishing a borderless code of ethics for engineers. Other suggestions include the formation of international standards in a well defined fashion to avoid interpretation traps and to allow room for local conditions. Meanwhile, we should acknowledge the limitations of ethical
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standards and the fact that they only provide some degree of uniformity that makes other benefits possible.



4. RIGHTS OF THE ENGINEER As the global dimension gets introduced into engineering ethics education, some issues can be enhanced by learning from the different experiences provided by the various nations. Ensuring the rights of the engineer, intellectual property, and the public role of engineers are issues that have not been properly addressed in most ethics code in the USA. Engineers have a fundamental right to comply with their professional standards and ethical codes. Unfortunately, the majority of current codes of ethics, especially in the USA, almost exclusively emphasize the engineers duties towards all parties related to their profession. However, the amount of protection it provides them when attempting to do so is negligible, especially from a legal point of view. A basic premise, upon which American engineering ethics are based, is that engineers are professionals. This is an idea that is deeply routed in the engineering education system [9]. To execute their responsibilities, professions need to have power over their members. Professionals who wish to practice would then recognize that authority of their profession. In the USA engineering members are not properly controlled because the profession has no control over the title “engineer.” In addition, there is no universal licensing requirement and the profession enforcement powers are very limited. Therefore, engineers that arrive at a conflict with their institutional superiors can resort to their professional codes and societies to support them. Nonetheless, the institutional authority has the final saying and the legally binding decision over matters, which might override an engineer’s decision. A whistleblowing engineer, in the public interest, will be viewed as a hero by the public. However, the legal battles only starts then, and that engineer mostly ends up fighting it alone. As a matter of fact, when teaching the whistleblowing part in engineering ethics in the USA, it is very hard to find a legal case that has been won by the whistleblower. To go around the legal obstacles, the US government has introduced a mechanism through a web site that allows government employees and contractors to blow the whistle with guarantees of confidentiality and protection. However, this is only a temporary solution that does not



fundamentally handle the root cause of the problem. In addition, the same offer is not provided in the private sector where a considerable number of engineers work. This is not exactly the case in other parts of the world, namely Canada. Whistleblowers and ethically abiding engineers can have the protection of the law and the professional society as long as the legal battle lasts. Institutional authority actually stops at the ethics code of the professional engineer. Moreover, the organization governing professional engineers’ registration has the full control over the title “engineer” and the professional registration process emphasizes the law and ethics knowledge while leaving the technical competency to the degree granting colleges. This power guarantees the full execution of responsibility in the best format possible. On the down side, newly graduating engineers in Canada have to pass the professional registration process and accumulate the required years of experience before even attempting to use the title “Engineer” in any format. Having a degree from an educational institution alone is not enough. As a result, pursuing a career becomes somewhat difficult for these fresh engineers who would end up working at lower ranking or paying positions, until their registration requirements are fulfilled. In comparison, the American registration process consists of two parts: the first is the fundamentals of engineering exam part where the technical competency of engineers is tested. Passing this part allows the engineer to use a modified title which is “Engineer in Training.” Accordingly newly graduating engineers are allowed more liberty in pursuing their careers. The second part of the process is another exam after accumulating the necessary experience that allows the use of the title “Professional Engineer.” Engineers’ specific rights have to be emphasized as much as their duties in an international code of ethics. Responsibility requires power, so it can be fulfilled. These rights include the right to abide by their codes of ethics, the right to have their contracts honored internationally, and the right to have their technical abilities recognized and considered in decision making processes. This also includes their right to intellectual property. From a global point of view, the right to blow the whistle or “dissent” is not necessarily viable in all societies. Exercising this right by an engineer in a society might be governed by
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factors that are not present in the USA or Canada. Therefore, as a borderless code of ethics is being established, limitations to engineers’ obligations and alternatives for them to fulfill their duties have to be acknowledged.



5. IMPROVED



ENGINEERING



ETHICS



EDUCATION



As was mentioned before, the practice of engineering is changing continuously. Combined to the globalization factor, this change seems to be exponential in its speed. As a result, engineering education has to change in many areas, especially engineering ethics. To approve an international code of ethics, engineering ethics have to be taught globally. Traditional engineering ethics teaching methods can be used globally with minor modifications. Examples include the use of case studies and the appeal to engineers’ special ethical standards in providing solutions to the problems in the cases [8]. These methods are aimed at the common morality standards, which are agreed upon by any reasonable person, regardless of their motivations. The addition of an international dimension to engineering ethics education is now a requirement by ABET, which will soon reflect into engineering curricula across the USA and international organizations that are accredited by ABET. Educators of engineers need to keep up with needs of the industry, like the high professional and ethical standards and the global dimension of the profession. Accordingly, educators must emphasize these needs in the curricula. During the education period, educators must help engineers develop the mindset for continuous learning and improvement. In addition, engineers have to be taught to assume a leading public role as part of their moral obligation. This will help influence the public decisions on issues like the future of technology and the environmental and resources protection. Moreover, the presence of engineers to influence public policy will enable them to establish more powers and authority for their profession. This will result in enabling engineers to conform to their ethical codes and standards while being legally protected. Finally, the public must be educated regarding the ethical obligations and rights of engineers and hence the decision makers, and leaders of engineers that are not engineers themselves. Only engineers assuming a public role can help achieve these goals.



The diversity of the world cultures should be learned and respected. This can be achieved through teaching engineering students not to carry preconceived assumptions and ideas about other societies and cultures. Other societies and cultures have different bases for their actions and different emphasis on certain values. This does not, by any means, make their engineers and ethics inferior [9]. Instead, an understanding of the differences and looking for the common factors and positive aspects will help engineers in carrying out their duties in the best possible way. This will produce engineering graduates that have a sufficient background enabling them to compete and succeed globally.



6. SUMMARY Engineering ethics education has always been challenging. As the engineering profession and the society change, ethics education follows closely. The addition of an international dimension to the profession has a remarkable impact on its ethics code and ethics education. Attempts are underway to establish an international code of ethics for engineers. This requires an international committee of engineers where members will contribute their rich and local experiences. These standards have to be definitive with some room left for local accommodations. The USA experience, as well as the NAFTA experience, can be useful in achieving this goal. Other nations have can also contribute valuable experiences towards this effort. The engineers’ rights issue is an example, among others, of issues that has not been well handled by ethical code for engineers in the USA. This topic has to arrive at a closure before an international standard is produced. Responsibility requires power to be carried out properly. The experience gained by Canada can be a good model in the direction of gaining authority over the professionals by the profession. However, this authority has to be coupled with a prudent approach not to deprive newly graduating engineers from pursuing their careers easily. To improve the process of teaching engineering ethics, some concepts and ideas have to be introduced. ABET has taken an active step in this direction. Global education of engineering ethics and the respect of differences and other cultural practices are key ideas that should be introduced. Engineering graduates
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should be trained to assume a public role as part of their obligations. This will enable the engineering graduate to educate the public, influence decisions, and exercise the appropriate professional standards and codes of ethics in a positive manner. This will also enable the engineering graduate to compete and succeed globally.
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