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This workshop has been wrestling with the issues of engineering ethics in the context of a world of widespread poverty and an increasing number of humanitarian emergencies.  The conflicts that arise in trying to meet both the immediate and long-term needs of the affected populations are serious enough in their own right.  These problems are further aggravated by the commercial, political and career demands that are brought upon engineers, complicating the choices and responses open to them.

Earlier discussions considered the context of engineering in crises and humanitarian emergencies, the application of engineering ethics in practice, the role of engineering education, and the opportunities for the promotion of social justice through engineering activities.  Many questions were raised; some were answered.  The ultimate question is how can the practice of engineering and the guiding ethical codes of the various engineering professions be modified to better serve the needs of people in poverty and those suffering from humanitarian emergencies?
A proper response to the above question requires a much greater exploration of the issues than even this workshop has attempted.  Given the limited time available for final comments, let me try to put the workshop discussions into a summation with some of my own observations and suggestions for the future.
Engineers: Ethical Superheroes or Flawed Technical Robots?
Through education and professional orientation, engineers develop a set of conceptual and methodological attributes that are both strengths and weaknesses when confronted by humanitarian crises.  Engineers are trained to be analytical, systematic, evidence-based and solution-oriented.  At the same time, this training also creates a system of attitudes and beliefs in the minds of engineers that reinforces their professional image but sometimes leads them into ethical dilemmas.  At best, these attributes provide direction and purpose, but under duress, they can blind an individual to the human needs existing outside of engineering methodologies.
Let’s consider some of the strengths and weaknesses of the above engineering attributes in terms of how they influence the professional responses of engineers.
Engineers are analytical

Strength:  Problems can be understood through investigation and analysis.
Weakness:  Obvious responses may be overlooked in favor of more sophisticated analytical solutions.
Strength:  Complex problems can be broken down into manageable issues.

Weakness:  Micro-solutions may not give the optimal or correct macro-solution.
Engineers are systematic

Strength:  Systematic approaches are required to solve problems.
Weakness:  Systematic approaches may delay critical action in emergency situations.

Strength:  Methodological procedures will lead to one or more solutions.

Weakness:  Solutions arising from a set methodology may not be the same as those based on human judgment or moral imperatives.
Engineers are evidence-based

Strength:  Engineering analysis uses information based upon observations and measurements from the physical world.

Weakness:  Non-measurable, but critical, information may be omitted from an engineering analysis.
Strength:  Conclusions must be based upon measurable data.

Weakness:  Not all relevant information is measurable.
Engineers are solution-oriented

Strength:  There is a solution (or solutions) for every problem.

Weakness:  The need to identify a solution may result in a hasty and inappropriate decision.
Strength:  The use of a systematic, evidence-based method of analysis will result in a solution.

Weakness:  A solution resulting from a rigid engineering analysis may omit or overlook critical non-engineering concepts.
What Motivates Engineers?
Engineers, similar to all other trained personnel, are attracted to their profession by a combination of family background, education, life experiences and basic opportunity.  In an industrial economy such as the United States, the employment markets and perceived professional status play an enormous role in the attraction and recruitment of young people into engineering careers.
The prevailing image of the engineer in the United States has been skewed away from the classical definition of a professional, that is, one who through specialized education and training serves to improve the welfare of the public.  Market forces, commercial development and the dominance of large organizations have made the modern engineer less of an independent expert providing professional services to the public and more of a subordinate employee carrying out the directions of a larger institution.  In situations where engineers have little involvement or interest in the overall objectives of the institution, it is relatively easy to become disconnected from the ultimate impact of their work upon the public.
Engineering jobs can become viewed primarily in terms of salaries, promotional opportunities and other personal concerns rather than the public good or humanitarian needs.  This outcome should not come as a surprise.  If the employment markets define engineering positions in limited terms with constricted horizons, then the rewards for taking up these positions will be stated in terms of immediate financial and personal compensation rather than service to a greater good.
The major exception to the above market approach to engineering motivation is the promotional approach of the military establishment and defense industries to engineers.  The Pentagon spends hundreds of millions of dollars annually to promote service in the military, with a good part of this total emphasizing the development and use of military technologies.  When was the last time you saw an advertisement or recruiting notice promising engineers an exciting and rewarding career in promoting peaceful solutions through the application of technologies?  Perhaps you happened to see a Peace Corps ad on late night TV, but probably nothing more.

Military occupations, especially those involving the application of modern technologies, capture the attention of the public and give it high visibility and support.  Similar promotional efforts are supported by the defense industries that produce the equipment, hardware and weapons used by military forces.  Humanitarian engineering, on the other hand, is not a well-defined concept and receives little or no attention from the public.  As a result, humanitarian engineering as a career track for young professionals barely exists and is difficult to identify.

The overall impact of commercial market forces and the continuing needs of the military establishment currently combine to siphon off the great majority of engineering talent in the United States to jobs that are defined in terms of financial compensation and personal lifestyles and, in the case of the military, support of the national defense.  Little public attention is directed to careers in humanitarian activities where service to the public is the primary attraction rather than financial compensation to the engineer.
Public Messages and Engineering Ethics
There is need for a new paradigm for engineering that restores the sense of public service as a profession.  One of the problems is that the engineering societies classify themselves on the basis of technical knowledge rather than the nature of the clients or beneficiaries.  Engineering as a systematic discipline first arose in the context of military engineering with the technologies of warfare and defensive fortifications.  In the eighteenth century the growing field of non-military, or civil, engineering began to be seen as a separate disciplinary area.  Over the next two centuries, civil engineering evolved into the wide array of specialized engineering disciplines present today, such as mechanical engineering, electrical engineering, industrial engineering and so forth.  What is needed now is acceptance and support for another discipline of engineering, which could be termed humanitarian (or peace) engineering.
Let me give you my definition of humanitarian engineering.  First, take the themes given for promoting military engineering (duty, honor, sacrifice, etc.).  Second, replace the basic concept of technologies of death that are at the heart of military engineering with the basic concept of technologies of life that are at the heart of humanitarian engineering.  Third, focus societal concerns upon the inequities, injustices and conflicts that afflict so many countries.  And fourth, blend all of these factors into the following definition of humanitarian engineering:

Humanitarian (or peace) engineering is the application of technology to control or modify the physical environment in ways that promote communication and interaction among stakeholders in order to avert or minimize injustice and violent conflict.

The practice of humanitarian engineering, as defined above, requires a variety of skills:

· knowledge of relevant technologies 

· sensitivity to the needs of people

· understanding of social aspects of injustices and how they lead to violent conflict

· appreciation of cultural, ethical and moral differences between people

· willingness to learn and grow

Humanitarian engineering, therefore, is the active use of engineering knowledge to promote right relationships between people and a just existence for all.  It supports the establishment of a “culture of peace”.  It is not neutral towards the application of technology but morally and ethically committed to using technology to reduce conflict and inequity.
This ethical commitment to linking engineering and humanitarian service is in the best traditions of American life. It builds upon the legacy of previous generations that struggled to assist the needy and uphold human dignity.  It draws upon the skills, resources and dedication of engineers and encourages them to reach out to their neighbors across the street and across the globe.

What Can be Done to Promote Engineering Ethics in the Practice of Engineering?

To merge engineering ethics and engineering practice in a more effective manner, the issue must be attacked on several fronts.  In general, both the orientation of engineers and the image of the engineering profession need to be revised.  The following identifies some of the more important actions that could be taken.
University education

Universities (and students) can enrich their engineering programs with studies of humanitarian environments and responses.  This will require additional time devoted to courses in philosophy, sociology, politics and history.  Universities can further support this process with courses specifically oriented towards the application of ethics to engineering and the application of engineering to humanitarian emergencies.
Volunteer service

Students also can go outside the classroom and work, or spend some time as a volunteer, with a non-governmental organization (NGO) or other organizations that promote humanitarian applications of technology.  Short-term possibilities include student-run organizations such as Engineers Without Borders and Engineers for a Sustainable World, while longer-term assignments can be found with international NGOs such as Habitat for Humanity, CARE and Water for the People, or with the Peace Corps.
Codes of ethics of engineering societies

Engineering societies play a crucial role in defining and upholding the ethical standards of the engineering profession.  With few exceptions these societies maintain codes of ethics that make paramount the safety, health and welfare of the public.  However, there is little or no reference in the codes to the engineer having an obligation to render engineering services to those in need.  Thus, the engineer is not prevented from withholding his professional services if he so chooses.  This weakens the classical concept of engineering being a profession that directly serves the public.  Moreover, the relationship between an engineer and his client or employer tends to be couched in commercial terms, in which contract law rather than ethical standards becomes the arbiter of appropriate behavior.  Engineering societies should reconsider their existing codes of ethics to incorporate some degree of obligation of an engineer to serve those in serious need of his services.
Legislation for national service
Legislative requirements and incentives can be powerful tools to motivate young professionals into humanitarian service.  For example, a requirement for all young adults (or possibly all university graduates) to contribute some of their time to national service can provide experiences and opportunities for professional growth that may not be available in a conventional market-driven economy.  During the 1930s, millions of young Americans served in the Civilian Conservation Corps and other national service programs.  To some extent, the military continues to provide some of these opportunities, but not as their primary objective.  Federal legislation establishing a national service program could be oriented towards newly graduated engineers, in which they must choose from a variety of international and domestic service options in the Public Health Service, USAID, Peace Corps, FEMA, Red Cross or other humanitarian agencies, as well as in the military.  The experience gained by such service would contribute to a greater awareness of the obligation of the more fortunate to assist the less fortunate.
Private sector support for humanitarian action
The private sector has long been aware of the critical need for technical assistance in the developing countries, and in recent years has become increasingly involved in providing various forms of aid.  In most instances, this is limited to expanding markets for product placement or designing products suited to conditions found in these markets.  In recent years, however, more direct forms of assistance, such as concessionary pricing to poor countries or even free distribution of relief supplies, are becoming common.  While products and funding are often provided to humanitarian emergencies by private corporations, there has been little provision of technical experts, either formally through the companies or informally through individuals volunteering to serve in emergencies.  Corporations and private sector institutions could be more supportive of employees when they request permission to participate in emergency response activities.
Political leadership

Political leaders, especially at the federal level, can strongly influence national attitudes by supporting the concept of public service while at the same time linking it to the highest standards of honesty, integrity and concern for the those in need.  At various times in the past, U.S. presidents, most notably Theodore Roosevelt and John Kennedy, have successfully appealed to the American people to consider public service as an essential and honorable occupation.  There is a need today for political leaders to speak out in a similar manner regarding the dignity and challenges of public and humanitarian service and especially in reference to engineers with specialized skills.

Religious leadership

In many respects, faith-based institutions have long promoted humanitarian service among their members.  American churches and religious groups have built schools, hospitals and other public facilities throughout the developing world.  The faith backgrounds of these institutions also provide strong moral and ethical support to personnel working in areas of humanitarian conflict.  The impact of these efforts would be even greater if the faith-based groups could come to some consensus on core ethical standards for their technical personnel.
Media promotion

The most influential sector in modern life is the media and its ability to reach out with appealing messages to virtually everyone.  Through media news coverage, targeted political analyses, celebrity sponsorship, market saturation and selection of programming, the media both educates and shapes public perceptions in ways that no educational or corporate institution can match.  Media promotion of engineering ethics could include news stories and documentaries highlighting ethical choices in engineering practice as well as commercial films starring recognized actors.  TV networks, newspapers and other media outlets could work with professional societies to promote public service and engineering ethics through celebrity spokespersons.  In addition, messages extolling the excitement of humanitarian action and social justice by popular sports figures or movie stars would be a powerful appeal to young people seeking meaningful roles in their lives.
Conclusions
Because of the professional nature of their work, engineers have a special obligation to uphold the health, safety and welfare of the public.  To do this, engineers must adhere to the highest standards of honesty, impartiality, fairness and equity and especially so when faced with the chaos and ambiguities inherent in humanitarian crises.  At such times, the analytical and methodological strengths of engineering training can become weaknesses if not tempered by experience and judgment.  There is need for a new paradigm of engineering that emphasizes humanitarian service rather than market demands. This paradigm can be formulated on the basis of changes in engineering education, volunteer opportunities, national service, private sector support, political and religious leadership, and media promotion.
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