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ENGINEERING ETHICS EDUCATION IN THE U.S.:
AIMING FOR PROFESSIONAL AUTONOMY

Heinz C. Luegenbiehl
Professor of Philosophy and Technology Studies
Rose-Hulman Institute of Technology, USA
Visiting Professor of Engineering Ethics
Kanazawa Institute of Technology, Japan

Thank you for the invitation to address you this evening. I consider it a great honor and
opportunity to be asked to speak to the membership of as important a group as the
Engineering Academy of Japan. In the following, it is my intention to introduce you to the
current focus on engineering ethics in the United States by explaining how it functions in the
context of engineering education, by highlighting the reasons it is emphasized, and by giving
a brief demonstration of a common teaching methodology. The situation in engineering
reflects the societal emphasis on applied ethics in the United States in general, and its
circumstances are significantly different from those existing in Japan. In presenting this
material I am therefore not advocating that Japanese engineering education duplicate the
current efforts in the U.S., but for several reasons I believe it is nonetheless important to be
familiar with them. One is the much discussed impact of globalization on business
enterprises and engineering work. Another is the well recognized ability of Japanese to take
advantage of foreign developments through a process of learning and adaptation. The
discussion highlights ways of thought which might fruitfully be integrated into other aspects
of Japanese engineering education. Finally, recent societal developments in Japan indicate
that more explicit formulation of standards of behavior is a process which Japanese
organizations could well be pressured to consider in the near future.

During the last twenty-five years an applied ethics revolution has occurred in the United
States. Rather than ethical considerations consisting of either an abstract philosophical
inquiry or simply reflecting the received cultural and religious heritage on the subject, the
ethical issues faced in daily life have become the subject of rigorous study, guided by both
reason and areal world context. This revolution, which can in large part be traced to the ever
increasing complexity of modern life brought about by the rapid introduction of advanced
technology, has led to a fundamental reassessment of many previously accepted beliefs
about how life should be lived. Ongoing controversies about the environment, the beginning
and end of human life, the relationship of humans to animals, and the future of technological
development reflect this ethical reassessment. It has become almost impossible to read a
newspaper, a magazine, or watch television news without encountering a discussion of
ethics in some form.
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More recently, engineering has become an integral part of this ongoing revolution. Both
engineering education and engineering practice have begun to focus extensively on the ethical
questions facing engineering professionals. The public, as well, is demanding a higher level
of accountability from the profession than ever before. The intimate involvement of
engineers with complex technology has fostered a heightened awareness of their
responsibilities for furthering and preserving the public good. Inthe past, ethics was seen as
being the responsibility of the profession alone, and consisted primarily of inculcating
engineers into the existing norms and values of the profession. Many of these were adopted
rather uncritically from older professions such as medicine and law.

Beginning in the late 1970’s anew era in engineering ethics began with a period of interaction
between engineers and philosophers, interaction which has only become stronger. This has
produced, for the first time, a significant body of literature self-critically discussing the
ethical standards of engineers. In addition, a number of courses on engineering ethics have
been developed. The basic assumption of most of these courses, unlike earlier courses on
professionalism, is that what engineers need to be taught is to act as autonomous individuals
who are able to make sound choices about ethical issues. Thus, such courses do not
moralize, that is, do not simply tell engineers what actions they should take. Neither do they
attempt to make engineers ‘good’ people. It is assumed that most engineers are good people,
and if they are not, then no lectures will make them so. Instead, students are taught to
recognize ethical issues and how to go about evaluating these for themselves. It is recognized
that many students will be unfamiliar with the type of ethical issues they might encounter in
their profession and that they need practice in dealing with such issues. The justification for
undertaking this task is that society is increasingly holding engineers accountable for their
actions. Students need to be aware of what might happen on the level of ethics, just as
foreseeing the future is an essential part of the design process in general. The following then
provides an overview of the ongoing ethical dialogue in American engineering education and
practice.

THE NATURE OF ENGINEERING ETHICS IN THE U.S.

Engineering ethics in the U.S. is conceived within the framework of the Western tradition of
theoretical ethics. The two dominant modern schools of thought within that tradition are
those based on the universalizing principle of Immanuel Kant and the British
consequentialist school of Utilitarianism. Kant advocated that reason be used in order to
determine which actions are morally legitimate. His categorical imperative states that only
those actions where one is able to mentally give permission to others to perform the same
action are morally permissible. Utilitarianism states that one needs to sum up all the
positive and negative consequences of an action, compare these to the consequences of other
possible actions, and pick the one which results in the greatest balance of good over evil as
the morally correct action. Engineering ethics utilizes both of these frameworks in evaluating
actions. In doing so, the following types of considerations come into play.
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Universality—The theories apply to all people at all times.
Individual deliberation—The individual person is the focus of ethical decision-making.
Equality—All people are to be given equal consideration.

Consequences—The implications for all affected persons are considered in making
decisions.

Duties—Some acts are morally obligatory irrespective of their consequences.
Rights—Some acts are wrong in themselves because the violate moral rights of others.
Respect for human dignity—All people are to be respected as having intrinsic worth.
Justice—All people deserve to be treated fairly.

Nonmalificence—People have a prima facie duty not to harm others.

When the above indicated principles are used to evaluate people’s actions, this constitutes
applied ethics. In applied ethics the focus is no longer ontheory for the sake of theory, but
rather on the utilization of theory in order to deal with real life ethical issues. This form of
ethics has become dominant in American ethics during the last half of the twentieth century.
One form of applied ethics is professional ethics. This area of ethics attempts to reconcile
the special responsibilities of professionals to society, which are based on the

institutionalization of the professions in the West, with the general obligations of all citizens
derived from universal ethical theory. Engineering ethics is a form of professional ethics and

may then be defined as the application of universal moral principles to real life situations
encountered in the professional practice of engineering.

This interpretation of engineering ethics needs to be distinguished from what would more
properly be called technological ethics. Technological ethics is primarily concerned with the
impacts of the products of technology on human beings and on the environment. How those
impacts are created is of less concern. Engineering ethics, on the other hand, is directly
concerned with the actions of engineering professionals, both in terms of their results and in
terms of the rightness and wrongness of the actions themselves. While the two areas thus
overlap to some extent, engineering ethics is focused more narrowly on the actions of
individuals.

THE PROFESSIONS IN THE UNITED STATES

To properly understand engineering ethics then, one must gain some insight into the nature
of the professions in the West. One useful way of conceptualizing the professions is by
means of acontract model. On this view, the professions are a creation of society. Society
decides that it can best achieve its goals by assigning critical service functions to specially
designated groups of people. These groups, termed professions, enter into an exchange
relationship with society. On the onehand, society is promised the provision of aservice in
an exemplary fashion. On the other, professionals receive a significant amount of prestige
and pay for their services. This has generally been perceived as a fair bargain by the
professions and by society. However, sometimes the relationship falters. Either society no



longer needs the service to be performed or the profession is no longer perceived to be
carrying out the service ideal and instead appears to be mainly interested in serving itself.
This can happen even to the core professions, as reflected in the sinking reputation of the
legal profession in the United States. A lessening of prestige and the potential withdrawal of
the privilege of being a profession then occurs. In the meantime, other occupational groups
attempt to become professions. The resultis ahierarchy of professions which changes over
time.

A number of characteristics have been associated with the professions. Not all of these need
to be met by a particular profession, but they in part establish the hierarchy among the
professions.

o The development of aspecialized body of knowledge based on a theoretical framework.

e A set of skills which relate knowledge to action, so that the majority of professionals
ultimately focus on the application of knowledge.

e A long period of formal education to acquire the knowledge and skills and to socialize
prospective members into the profession.

e Control by the profession over educational and‘other requirements for admission to the
profession. This typically takes the form of accreditation of educational programs and
licensing requirements for individual professionals.

e Control by the profession over the actions of individual professionals. Means of
punishing the actions of individuals who fail to follow professional norms are thus
necessary.

e Through aprocess of professional identification, life-long membership in the profession
is established. Once someone becomes a member, he remains in the profession for life,
unless he is formally barred from practice.

¢ The existence of a professional culture which establishes the norms and behavioral
patterns appropriate for members of the profession.

e Fostering of individual professional authority and autonomy. Professionals are
independent practitioners who serve clients, rather than being employees.

e A code of ethics as a formal demonstration to society that the service ideal of the
profession is being met.

o The establishment of professional organizations to disseminate technical knowledge and
enhance the professional culture.!

Based on these criteria, a profession serves as an intermediary between society and the
individual professional. The profession is granted an exclusive right to provide a service,
with the condition that will be the sole judge of when this service is performed adequately.
In other words, the profession seeks to be a societally sanctioned monopoly. To fulfill its
mission properly, it must establish controls over the actions of its members. Professions do
this by establishing criteria for education and membership and by punishing wrongdoing by
members. The formal rules of the profession are often given the backing of the law in the
United States. The professions also, however, try to foster a sense of individual
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responsibility in their members through the development of professional autonomy and a
sense of duty to the professional community and to society as a whole.

At times particular professions have overemphasized one or more of the characteristics. As
aresult, they have sometimes been accused of restricting membership too much for the
economic gain of current members. They have been accused of punishing those who speak
out against misdeeds in the profession. They have been accused of failing to punish
misdeeds by members. They have been accused of fostering an atmosphere where upholding
the good of the profession becomes more important than the overall societal good. While
there certainly exist instances of such failings, it is also important to remember that society
continues to accord a great deal of respect to the work of professionals.

ENGINEERING AS A PROFESSION

Each profession benefits society in terms of a particular mission. The major mission of
engineering is to design, and be responsible for, the production of technological devices. In
contemporary society this is clearly a very important and specialized function. However, in
the U.S. at least, the professionalization of engineering is a relatively recent phenomenon.
The historical tradition in engineering was primarily a craft based one which emphasized the
apprenticeship model. Schools of engineering did not develop until the mid-nineteenth
century, and even then these were organized on a shop floor model. That is, the main
emphasis was on learning how to do engineering, rather than on theoretical models. The idea
of a professional model thus developed quite slowly and it was not until the last part of the
19% century that national professional organizations were founded, and not until the early
part of the 20™ century were codes of ethics developed. Since that time there has been
intense activity in engineering to maintain professional status.

The vast majority of engineers work for corporations rather than practicing as independent
professionals. As a result, the issue as to whether engineering is a true profession is still
being debated. Engineering clearly has established a service mission for itself: to protect the
public health, safety, and welfare. Engineering education is now very strongly science and
theory based. Engineering has developed a number of codes of ethics. Perhaps most
importantly, engineers are recognized by society to be professionals, although their prestige
is not as great as that of the traditional professions.

However, engineering has also been called “the invisible profession,” because its members
generally have not had the individual authority associated with independently practicing
professionals. In addition, engineering has not been able to establish universal licensing
requirements or control over admission to the profession. Students without formal
engineering degrees are still hired as “engineers” by corporations. Engineering has been
unsuccessful in establishing more than a four year college degree as the minimum requirement
for admission to the profession. Most significantly, many engineers fail to establish a
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life-long identification with the profession, instead using engineering as a means to other
career goals. ' _

These factors imply that both formal and informal professional controls of individual
engineers’ actions are lacking. The lack of licensing is particularly noteworthy. In the U.S.
fewer than 20% of those practicing as engineers are licensed as professional engineers (PEs).
It is thus especially important that methods be devised which will foster a sense of public
responsibility in engineers in the absence of controlling mechanisms. Engineering ethics
plays a central role in this process.

ENGINEERING ETHICS EDUCATION

The history of engineering ethics in the United States has its roots in engineering’s drive to
professionalize. It can be divided into three phases: the practice of ethics as learned
professionalism; a philosophical critique of existing norms; and an evolutionary process of
engineering ethics becoming an integral part of a total engineering education. The future
deserves special attention in this discussion, because as a result of globalization more and
more engineers from different countries will not only be interacting, but will be working
together in the same organizations and on the same projects. As a result, it will be not only
helpful, but necessary, to have an understanding of other cultural modes of engineering
practice.

From its origin through the 1970’s, engineering ethics education was dominated by the
internal needs of the profession. When ethics was taught, it was taught by engineers as part
of courses on professionalism. The main emphasis in such courses was on the socialization
of engineers into the structure of the profession. The primary aim was to elevate the status
of the profession. Consequently, questions of behavior toward one’s fellow professionals
often seemed more important than duties to the public. When ethics was explicitly dealt
with, this most often took the form of utilizing the codes of ethics of the profession as the
ultimate arbiter in ethical disagreements. Students were taught to respect the judgments of
their elders in the profession, since these were based on the needs of the profession.?

Beginning in the late 1970’s the situation changed dramatically and quite rapidly. A ground-
breaking work was published by several philosophers at Rensselaer Polytechnic Institute,
which collected a variety of writings devoted to ethics in engineering.> While most of the
articles in the collection still reflected a rather unsophisticated approach to ethics, the
collection provided impetus to further discussion. In 1979 the National Science Foundation
sponsored a project which brought together twenty philosopher-engineer teams to explore
ethical issues in the profession. This gave rise to an extensive set of writings, as well as
changing the mode of classroom presentation of the subject. From then on the model for
ethical discourse in the profession became one where engineers and philosophers came
together to bring both perspectives to the discussion. Several conferences devoted solely to
engineering ethics followed, as well as a significant increase in publications on the subject. A
number of philosophers, as well as engineer-philosopher teams, began teaching the subject.
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An extensive critical literature developed and an increased level of ethics activity occurred in
the professional associations.

Today, engineering ethics as an important aspect of engineering education has largely
become institutionalized. A 1990 survey of engineering schools showed that about one-half
of them offered a course on engineering ethics. About half the schools also emphasized
ethics to some extend in their technical classes.* A number of textbooks suitable for teaching
entire courses on engineering ethics have also been published.” The National Science
Foundation is a strong supporter of ethics projects through its program on Ethics and Value
Studies. As the most recent development, ethics education resources are becoming available
through the Internet.

In the future it can be expected that ethics education will become even more central to
engineering education, due in large part to the new standards being developed by the
Accreditation Board for Engineering and Technology (ABET).” These standards, known at
ABET 2000, through their new outcome and assessment focus, stress that acquaintance
with the ethical dimension of the profession is arequired aspect of the educational process.
Criterion 3 of the standards states: “Engineering programs must demonstrate that their
graduates have...(f) an understanding of professional and ethical responsibility.” Criterion
4 further shows how ethical considerations are embedded in the overall perspective that
engineering students are to achieve: “The curriculum must prepare students for engineering
practice culminating in a major design experience based on the knowledge and skills acquired
in earlier coursework and incorporating engineering standards and realistic constraints that
include most of the following considerations: economic, environmental, sustainability,
manufacturability, ethical, health and safety, social, and political.”

A further sign of the future emphasis on ethics is that the initial requirement for obtaining a
professional engineering license, the Fundamentals of Engineeringexamination, will in 1997
for the first time include a series of questions on ethics.® Increasingly, as well, engineering
schools are including discussion of ethical issues in their design courses and as required parts
of the curriculum. The current trend appears to be toward a model of “ethics-across-the-
curriculum,” analogous to previous writing-across-the-curriculum efforts. Given the
continuing public demand for accountability, it can be expected that these emphases are not
simply a sign of current fashion, but rather a part of a long-term change of direction in
engineering education.

THE AIMS OF ENGINEERING ETHICS EDUCATION

The current and future direction of ethics teaching in engineering is significantly different
from earlier efforts to simply inculcate students into professional norms. The new goal is
the development of professional autonomy in engineering students. It must be recognized,
however, that differing cultural values inevitably influence the fundamental conceptions of
responsibilities for the engineer. It may not be the case that all cultures share the aim of
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professional autonomy as a guiding principle. The following discussion thus reflects the
perspective which philosophers are bringing to the discussion in the United States, rather
than being an attempt to establish a universally normative perspective.

It should first be emphasized that it is not the purpose of ethics education to create moral
human beings. A 1990 poll of executives showed that engineers were considered to be the
most ethical professionals in a group of six of professions by 34% of the respondents. This
was 10% higher than the next group and twice as high a percentage as for physicians.” In
that case, why is engineering ethics education needed? In part it is a response to ademand
by society for ethics education of future professionals, because of a concer that the basic
commitment to the welfare of society is breaking down in the professions. More
fundamentally, however, the reason is that while engineers on the whole may be good
people, good people acting in ignorance may act in ways which produce bad results. Now,
while engineers may be well acquainted with how to deal with ethical issues in daily life, the
same does not necessarily hold true for issues involving decisions regarding complex
technology. Engineering ethics education therefore seeks to help engineers develop the skills
necessary to deal with such issues. This involves learning to recognize ethical issues in
context, developing the reasoning skills necessary to analyze such issues, and in general
prepare students for the types of situations they will encounter in professional practice. It
also involves helping them to acquire a conception of professional competence which goes
beyond the narrow confines of technical competence, and instead results in having them
consider the wider implications of their activities.

Necessary for engineers to be able to reflect adequately on the ethical dimension of their
work is that they begin to think for themselves about ethical issues, rather than simply
following the directions of others. When a sound factual and analytic basis is present in such
thinking, engineers can be described as having achieved professional autonomy. The literal
meaning of “autonomy” is self-determination or independence. The focus is on individual
decisions. However, autonomy means more than being able to make decisions for oneself.
Embedded in the concept is also the idea that autonomous decisions and actions be free from
coercion (both internal and external), that they be based on adequate knowledge, and that
they be based on the use of reason. Professional autonomy thus requires responsible
decision-making by the individual professional.

While autonomy is generally considered to be a central feature of Western ethical thought,
and especially central to the thinking of most Americans, its importance for engineering
professionals cannot be overstated. Engineers typically function in contexts where they
report to non-engineers who might exercise institutional authority, but do not have the
technical competence to exercise expert authority. Engineers need to understand that
institutional loyalty, rather than simply meaning the following of directions, at times
requires the assertion of expert authority in defiance of institutional authority. At times
even institutional loyalty itself may need to be overridden on the basis of professional
loyalty to the public. For this to be possible, engineers must be convinced that they are able
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to adequately analyze ethical issues in light of their mission to protect the public safety. The
first step in this process is an understanding of the role of the profession’s codes of ethics.

MAJOR ISSUES IN ENGINEERING ETHICS

The requirement for professional independence of engineers is clearly enunciated in the
profession’s codes of ethics. While a number of these exist, they all have the same general
focus.!® In this presentation the code of the Accreditation Board for Engineering and
Technology (ABET) code is being used as amodel, because parts of it have been adopted by
numerous engineering organizations.!! This code focuses on some of the central issues in
engineering ethics, as well as on a number of peripheral matters. It emphasizes the nature of
engineers’ obligations, when to dissent from institutional or other authority based on
professional expertise, and when to take the drastic step of whistle blowing. The code
delineates the obligations of engineers to a variety of constituencies: to clients, to
employers, to customers, to fellow engineers, to the profession, and, most important, to the
public. One of the difficult aspects of engineering ethics is the need to reconcile these
differing obligations in real-life circumstances. Many of the topics are the subject of
continuing debate in the profession and the following highlights only a few central ones.

The overriding theme in the code of ethics is the engineer’s responsibility for ensuring the

safety of the public. The first fundamental canon states: “Engineers shall hold paramount
the safety, health and welfare of the public in the performance of their professional duties.”
The canon gives overriding priority to the engineer’s duties to the public. It reinforces the
public service dimension of the profession and is consistent with the particular mission of

engineering in society.

Closely connected to the issue of safety isthe question of the adequacy of the products of
engineering design. Engineers are given primary responsibility by the code to ensure that
their work is based on professionalism and are given the ultimate authority in this regard.
Even though engineers are generally employees, their professional authority is expected to
override the institutional authority of their superiors. “Engineers will conduct reviews of
the safety and reliability ofthe design, products or systems for which they are responsible
before giving their approval to the plans for the design.”(Guideline 1¢2)

However, engineers also have important duties to their employers and clients. A number of
code entries specify these duties. Two of the most central topics are conflicts of interests
and confidentiality. “Engineers shall avoid all known conflicts of interest with their
employers or clients and shall promptly inform their employers or clients of any business
association, interest, or circumstances that could influence their judgment or the quality of
their services.” (Guideline 4a) “Engineers shall treat information coming to them in the
courseé of their assignments as confidential, and shall not use such information as a means of
making personal profit if such action is adverse to the interests of their clients, their
employers or the public.” (Guideline 4T)

:



These entries reflect the idea that engineers owe loyalty to those who have engaged their
services. They are to be faithful agents. As canon four states: “Engineers shall act in
professional matters for each employer or client as faithful agents or trustees...” However,
based on the obligations which engineers have to the public, there are limits to loyalty. At
times engineers are required by the codeto dissent from their institutional superiors, or even
to blow the whistle by going public with their professional concerns. “Should the Engineers’
professional judgment be overruled under circumstances where the safety, health, and
welfare of the public are endangered, the Engineer shall inform their clients or employers of
the possible consequences and notify other proper authority of the situation, as may be
appropriate.” (Guidelinelc)

Given the emphasis on the professional autonomy of the engineer, the limits of loyalty and
the exactnature of the responsibilities to the public cannot simply be determined by aseries
of abstract code entries. Eachengineer must be prepared to wrestle with ethical dilemmas as
they occur in professional contexts. How engineering students can be prepared for this
difficult task is the subject of the last part of this presentation.

ENGINEERING ETHICS IN PRACTICE—THE CASE STUDY APPROACH

The most common current methodology for teaching engineering ethics relies heavily on the
case study approach. There are now a number of sources for cases, ranging from textbooks
to the Internet. The following provides an example of how case consideration would be done
in one of my courses. At the beginning of the term, the students are divided into groups of
three. They then jointly research an actual case in engineering ethics in the literature, write
up the facts of the case, give ajoint presentation to the class, and lead a class discussion. As
a final step, students individually write an extended ethical analysis of the case. This gives
them practice for what can be termed “defensive” ethical engineering, that is, becoming aware
of what kinds of things they might encounter before they do so in real life. The aim of the
exercise is practice, just as is the case in all of education.

Perhaps the most discussed case in engineering ethics is the Challenger Space Shuttle
accident, which happened ten years ago and is still actively being debated. It serves as an
excellent example of the types of issues which arise in engineering ethics. The outline of the
story is familiar. On January 28, 1986 the Challenger exploded 76 seconds into flight. This
event was considered to be a national tragedy, especially since the shuttle had on board the
teacher-in-space, Christa MacAuliffe, who was the first pure civilian astronaut and was seen
as a symbol for the entire nation.

Some unusual circumstances surrounded the flight. The launch took place at 36 degrees
centigrade, 17 degrees colder than any previous shuttle flight. For a variety of reasons, the
launch had already been delayed three times. That evening President Ronald Reagan was
scheduled to give the annual State-of-the-Union address to Congress and the American
people, during which he planned to mention MacAuliffe. Congressional funding for NASA
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had suffered serious setbacks the previous three years, and the future of the entire shuttle
program was somewhat in doubt. Finally, shuttle launches in general had become arelatively
routine occurrence, with the Challenger launch receiving special attention only due to the
presence of MacAuliffe.

A potential problem with the flight existed, of which the public became aware only later.
Testing on the effects of previous shuttle flights had raised concerns among some engineers,
for about a year, about a potential cold weather problem. Cold weather caused the rubber
o-rings, which sealed major components of the booster rocket, to loose their resiliency.
Engineers at Morton-Thiokol, the booster rocket contractor, believed that although a backup
system of o-rings existed, both systems might fail under extreme weather conditions and
result in hot gases igniting. Although an o-ring task force was established, it apparently
received too little corporate support to be able to fully substantiate its concerns on a
numerical basis.

Following the tragedy it was established during congressional testimony that the evening
prior to the shuttle launch a crucial teleconference took place between NASA and
Morton-Thiokol, during which Morton-Thiokol was procedurally required to certify its
components for launch. During the conference several engineers made their weather
concerns known and verbally opposed the launch. NASA also apparently changed its
standard procedure from requiring proof that it was safeto fly to requiring proof that it was
not safe to launch. The managers at Morton-Thiokol then requested a short pause in the
teleconference. During this conference the engineering vice-president was told by the senior
vice-president to take off his engineering hat and put on his management hat. Following the
intermission, the Morton-Thiokol managers voted to support the launch. The engineers
were not part of the vote. As later investigation showed, the o-rings indeed failed to perform
their function, resulting in catastrophic failure,!?

After establishing the facts of the case, students would then be asked to consider the

following, either in discussion or in writing reports. (.,
What are the ethical issues in the case?

What action options do the various parties in the case have?

What decisions have you reached about the case?

What is the foundation on which your decision are based?

How would you defend your decisions?

How would you counter possible objections to your decisions?

What are ways in which the ethical problems could have been avoided?'

Although it is not possible to undertake a complete discussion of the case here, an analysis
of it would likely include the following considerations. Students would first of all recognize
that different perspectives could be applied to the case. NASA was operating under a set of
political, economic, and organizational constraints. These were different from the business
considerations which likely guided the managerial conduct at Morton-Thiokol. The



engineers could have taken either a corporate point of view or a strictly engineering
perspective. Seen from the perspective of the engineers in the case, it would need to be
considered how safe the product needed to be for its intended use. Was safety given
adequate consideration in product development and were future uses of the product
properly considered? Was there a proper margin of safety in the product and was the use of
the product adequately monitored? What are the responsibilities of the engineers to the end
users of the product in this case?

Assuming that the engineers decided there was significant doubt about the use of the
product, did they take the right actions in protesting? Did they protest enough? Should
they have made their concerns public? Once these action options are considered, students
then need to reach a decision about the case. In defense of their decision they would use
ethics code entries like those discussed in the previous section. For example, they would
recognize the responsibility of engineers for the public safety. However, they would also
consider issues of corporate and institutional loyalty. Students would need to balance these
considerations based on the principles of theoretical ethics. For instance, they would decide
whether the astronauts had a moral right to be informed about the problems associated with
the shuttle launch. They would determine whether the possible harms arising from their
decision would be outweighed by the possible goods resulting. They would decide whether
all parties were given due regard in their decision-making.

Having provided an analysis of their decision, students would then imaginatively consider
possible objectionsto it. As philosophical analysts they would try to make their judgments
as objective as possible by recognizing other points of view about the incident. Finally, they
would take a positive approach to the analysis by considering ways by which the
confrontation could have been avoided as a result of earlier actions. For instance, could the
engineers have been more demanding in asking for support of o-ring testing?

After going through all the steps of the analysis, students would hopefully recognize that
ethical decision-making is both complex and difficult. It is not possible to claim that only
one option is justifiable or that they can be absolutely certain that they have reached the right
solution. As aresult of class discussion, disagreements about the most ethical course of
action will likely still remain. At the same time, students will recognize that arriving at a
decision about the case is the result of a rational process, rather than simply being based on
intuitive judgments.

The point of discussions like this is not that a Challenger type incident will be encountered
on a daily basis by engineers. Instead, it is that lessons can be learned from such cases for
normal engineering practice. It needs to be emphasized that engineering ethics is an everyday
affair. Further, such cases have something to teach not just about ethics, but also about the
nature of engineering design. The initial focus of this presentation was that the future of
engineering education lies in the integration of design with alarger social context. Too many
engineering students have for too long been prepared to look at design of devises as
independent of context. As true professionals they will see their work in the context of their
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service mission to society. This places a much larger responsibility on both their educators
and their seniors as engineering matures as a profession.

SUMMATION

An applied ethics revolution is occurring in the United States. This revolution is in large part
due to ademand by the public for accountability in the professions. The revolution stresses
individual autonomy and responsibility rather than only obedience to professional rules.
The concern with ethics in engineering is a somewhat recent manifestation of this
phenomenon. The strongest evidence for the ongoing changes in engineering are to be found
in the establishment of new curricular requirements, both by individual institutions and by
accreditation agencies.

The applied ethics revolution in the United States is an ongoing one, but one which is well
under way and which will not soon cease. I believe it is important for Japanese educators,
students, and executives to be aware of this trend when dealing in multi-national contexts.
As engineering becomes more and more an activity with global impacts and global practice,
it will be necessary to develop an understanding of how engineers from other cultures arrive
at their decisions about ethical questions.

As well, the impact of the revolution is beginning to be felt in the discussion of ethics in other
countries. Itis evidentthat the context of engineering ethics will be significantly different in
Japan and the U.S. However, I believe there is going to be an increasing emphasis in Japan
on the issues I have discussed here, and there is much to be learned from the work that has
already been done. Just as a number of the questions related to the use of technology in
medical ethics, which have been discussed for some time in the U.S., are now being
contextually adapted to the Japanese context, a similar movement is likely to occur in
engineering. One of the strengths of engineering is that it is not the same the world over. This
is part of what makes product development in different parts of the world so fruitful and
innovative when seen from the perspective of other cultures. Yet engineers can draw on
what other engineers from different parts of the world have already accomplished. What I
see occurring in the U.S. is the movement toward an ethical paradigm for the practice of
engineering, one where the individual, societal, and environmental consequences become an
integral part of design and manufacturing processes. The members of the Engineering
Academy of Japan are surely in the best position to exercise a leadership role regarding
future practices in Japanese engineering. I am most grateful to you for the opportunity to
contribute to your store of background information.
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. Ethical Problems in Engineering, eds. Robert J. Baum and Albert Flores, Troy, NY:

Center for the Study of the Human Dimensions of Science and Technology, 1978.

These results are from an unpublished survey of a large number of engineering schools
conducted by the Stanford University Law School in 1990.

5. The major current texts available are:

Harris, Charles E., Michael S. Pritchard, and Michael J. Rabins, Engineering Ethics:
Concepts and Cases, Belmont, CA: Wadsworth, 1995.

Johnson, Deborah G., ed., Ethical Issues in Engineering, Englewood Cliffs, NJ:
Prentice-Hall, 1991.

Martin, Mike W. and Roland Schinzinger, Ethics in Engineering, 3" ed., NY:
McGraw-Hill, 1996.

Schaub, James and Karl Pavlovic, eds., Engineering Professionalism and Ethics,
Malabar, FL: Krieger Publishing, 1986.

Unger, Stephen, Controlling Technology: Ethics and the Responsible Engineer, 2™
ed., NY: John Wiley and Sons, 1994.

Whitbeck, Caroline, Understanding Ethical Problems in Engineering Practice and
Research, NY: Cambridge University Press, 1995.

6. A good place to begin an engineering ethics search on the Internet is the Texas A&M

University engineering ethics home page: http://ethics.tamu.edu. The site has
presentation and discussion of a number of case studies.

The ABET Engineering Criteria 2000 currently exist only in draft form. They are

currently in atwo year comment period. However, it is widely expected that there will
be only minor revisions before a final version is adopted.
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8. “Fundamentals of Engineering Examination: Examination Specifications and Item
Classification Codes,” National Council of Examiners for Engineering and Surveying,
Update May 9, 1995.

9. Printed as a statistical insert in Engineering Education, Vol. 80, No. 8, December 1990,
p- 1010.

10. Andrew Oldenquist and Edward Slowter, “Proposed: A Single Code of Ethics for All
Engineers,” Professional Engineer, Vol. 49, May 1979, pp. 8-11.

11. The ABET ethics code, along with a number of others, is reprinted in the volumes listed
in note 5.

12. The facts of the Challenger case have been widely reprinted, including in the texts cited
in note 5. Of special interest is the testimony by Roger Boisjoly,one of the principal O
engineers in the case. The testimony is reprinted in the book by Johnson, pp. 6-14.

13. For a more extensive discussion of the case approach, see my “Ethical Analysis Using
Case Studies,” in The Practice and Theory of Ethics, eds. Terry Kent and Marshall
Gentry, Indianapolis: University of Indianapolis Press, 1996, pp. 69-81.
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