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Abstract: In this article I begin a background to the current global trend of teaching ethics in post-modern engineering education, and of the importance of developing a values-based decision-making process in engineering and engineering education.  The main objective of this article is to present the values-based decision-making process for the teaching of ethics and sustainability to engineering degree students in the Engineering Studies paper at the Auckland University of Technology (AUT).  The step by step process outlined is a culmination of the opinions of many researchers including my own experience.  The article illustrates a structured decision-making process suitable for use by engineers when there are no rules to guide them.  This decision-making process teaches the students to distinguish between factual and conceptual, moral, relevant and conflict issues, and the predictions of outcomes.  This decision-making process is part of a global trend where it is now considered a moral imperative in engineering education to take our graduates beyond knowledge to wisdom.  Hopefully our graduates will leave the university with an awareness of the responsibility to consider the long-term impacts of their decision-making, and the need to choose technological solutions that are appropriate to their social context to avoid any unintended and sometimes catastrophic consequences of engineering decision-making. 
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Introduction 
Modern engineering has moved beyond the historical concept of the building and maintenance of engines, and engineering as it is understood today is the consideration and application of technology to everyday problems.  Engineering involves the design, planning, problem solving, decision-making, communication, and application of technology, for the purpose of fulfilling the needs or desires (actual or created) in society.  Essentially, such a definition considers an engineer to be within the occupation of a technologist, albeit in a specialised area of technology.  van der Vorst, (1998) also defined an engineer as one who deals with "technological systems and using them for the best of society" (p. 172).  He defined the goals of engineering with the statement "the ultimate aim of engineering is to modify the natural world to further human purposes through the wise application of technical knowledge, skills and judgement" (p. 172).  

The social responsibilities of engineering
The decision-making process of a modern engineer is not however a simplistic process of construction and reconstruction and as Bader (1998, cited in Ilic, 2002) pointed out, modern engineering is at a turning point, where it is evolving from an occupation that provides employers and clients with competent technical advice, into a profession that serves the community in a socially and environmentally responsible manner.  Ilic (2002) explained this further:

There is also an increasing need for engineers to choose technological solutions that are appropriate to their social context and give consideration of the long term impacts of their work, if only because the work of engineers can have wide-ranging effects.  Today’s technologies can impact on the whole globe and on future generations.  Never before has there been such a moral imperative to consider what may have been thought of as unintended consequences in the past. (p. 145)

There are environmental, cultural and social aspects of any decision in which an engineer has a moral responsibility to consider when making an engineering decision, and in respect of this ‘impact’ and also the ‘wise application’ referred to by van der Vorst (1998), engineering university graduates will be required in future to meet societal needs, without endangering the Earth’s natural systems and resources and many researchers and engineering societies consider the responsibilities of an engineer, or any person considering becoming an engineer, should include looking at the long-term worldwide problems that engineering can cause.  Consequently, it is a world-wide trend for educational engineering programmes to include consideration of the societal, environmental and sustainability aspects of engineering.  These embrace problem-framing and problem-solving in ways that reduce the risk to the planet and society of predictable environmental, social and economic failure.  Thring (1992) points out that the work of an engineer affects all aspects of human life, particularly its: “By-products and side effects, such as noise and pollution; Effects on the destruction of the environment and wild life; Effects on future generations – particularly in using up scarce resources so that they are not available in the next century” (p. 224).  
The requirement of a very high level of skills, attitudes and personal qualities in the engineering industries, "is the area of attitudes and values where corporations are making a dramatic shift in their expectation” (Vasilica, 1994, p. 396).  As Chisholm (1990, cited in van der Vorst, 1998) stated “high standards of personal integrity not only have intrinsically high moral value, but their possession makes a substantial contribution to successful operations in practice” (p. 172).  There appears to be a global consensus that ethics is an important issue to be addressed in undergraduate engineering curricula, which should consider the societal, environmental and sustainability aspects of engineering (Buckeridge, 2001; Davis, 1999; Dick & Stimpson, 1999; Didier, 2000; McGregor, Johnson, & Bagia, 2002).  

McGregor, Johnston & Bagia (2002) link sustainability to ethical behaviour in engineering:

Ethical behaviour underpins successful long-term global engineering practice.  Ethical sensitivity is central to professional moves towards sustainability.  Indeed, ethics is becoming a matter of central importance for engineering practitioners and their organizations.  (p. 255)

According to Davis (1999) the teaching of engineering ethics and sustainability should achieve at least four desirable outcomes:

(a) Increased ethical sensitivity.

(b) Increased knowledge of relevant standards of conduct.

(c) Improved ethical judgement.

(d) Improved ethical willpower (that is, a greater ability to act ethically when one   
            wants to). 

The breakdown of a centralised set of values
In New Zealand a new education curriculum proposal is currently being considered which specifies the teaching of eight core values which are proposed to be embedded across the spectrum of pre-tertiary school teaching programmes.  The proposal has raised a lot of interest and some concern amongst the population, but the concept of teaching a common set of values is a global trend in pre-tertiary school education (Habermas, 1996).  

Historically, centralised authority systems such as the church, or family have traditionally informed our values (Preston, 1996).  Parents are normally the most dominant influence on a child’s upbringing, although parental control is not always exclusive.  While one’s values depend very much on the nature and structure of society, the values a child gains can also be influenced by peer groups, extended family, tribal or village organisations and schools (Frazer & Kornhauser, 1986).   Inevitably, different cultures, races and countries will inevitably develop different values for different reasons.  
However, Preston (1996) observed that modern shifts in ideology and worldviews have accommodated a breakdown in the centralised authority systems such as the church, and we have moved into a "post-modern pluralistic ethical environment" (p. 6) where we now need to recover the importance of ethical understanding for human living, both at a personal and community level.  Hence it is now popular to teach values in schools and noted education researchers such as Kohlberg (1984) and Habermas (1996) both subscribe to the promotion of a moral stance in modern school education.

In tertiary education Frazer and Kornhauser (1986) maintain that any science education curriculum should naturally include ethics and social responsibility, where we need to try and understand the different values, some of which are common and some which are not.  As a result of values, Frazer and Kornhauser (1986) argue that a decision may be seen as a value position, which can influence the particular stance one takes on a societal issue.  In this manner, values can influence the policy and decision-making processes of any individual or organisation in any society, also by implication the decisions of engineers as individuals and a profession.  Frazer and Kornhauser (1986) warn us that any decision that arises from such a personal value should therefore "be identified as a value position - not a technological assessment" (p. 40).  But, such a value position may not always be evident in decision-making debate, and values may be hidden or unnamed (Royal Commission on Genetic Modification, 2002, p. 1).  

Since it appears that values can influence a decision manner, and considering the richness and variety of different cultures in the world, the need arises to for a common system of decision-making based on values in engineering courses.  The recent recommendation of a set of values for New Zealand education is a commendable attempt to give school children a common set of values and this aspiration is part of a common global attempt.  However, the current global trend to teach values-based decision-making is not exclusive to school education, as universities have been introducing ethics, morality and value-based decision-making for some years now in engineering education.  
At AUT engineering graduates are given a clear understanding of the sustainability of engineering processes and decisions, and how they are expected to conduct themselves ethically in the engineering profession.  Taylor (1995) points out that none of us is value free, and an engineer’s assumption of professional status carries with it a responsibility to explore, understand and question the values and attitudes which are the basis of our decisions.  Ideally, a university course in ethics and sustainability needs to take them beyond knowledge, to wisdom (Garrison, 1997) where decisions can be made based on mitigating criteria such as profitability, humanitarian concerns, ecological and environmental concerns, political policy, political correctness, aesthetics, customs and etiquette, religious or moral beliefs, or simple public opinion and pressure.  


The solution at AUT
This researcher jointly conducts the Engineering Studies paper within the Auckland University of Technology’s School of Engineering that includes ethics and sustainability for all final year students of both the Bachelor of Engineering, and the Bachelor of Engineering Technology.  The author teaches the ethics section of the paper, has developed the current ethics curriculum and has published a course text for the purpose (Reid, 2006) to give university engineering graduates a good understanding of the ethical expectations of behaviour and decision-making in the engineering industry.  The instruction of sustainability is covered by Ms Heather Stonyer, who has also assembled an extensive student manual for the purpose.  Throughout the Engineering Studies paper the students are given the opportunity to discuss and learn about the concept and responsibilities of engineers in relation to ethics and sustainability in engineering practice and decision-making.  The content of the course includes a study of the issues concerning the development of technology and its relationship with society, with a full coverage of moral and ethical theory, and engineering codes of ethics.  The added study of high-profile case studies assists to develop the students’ social responsibility and shape their views and reactions to value dilemmas with an ability to make ethical decisions and possess an appreciation of ethical conduct within the engineering profession. 

The engineering decision-making process taught at AUT
During an engineering degree programme the students are taught to cope with higher-order intellectual problems where decision-making involves the application of engineering principles through the manufacturing or enabling process in the design of systems and the selection of suitable engineering components, guided by a sound knowledge and application of regulations (Reid, 2006).  But realistically, Keirl (2003) believes that post-modern engineering education requires a functional sense with a relational human input, where the identity and power relationships are shaped by the technologies with which we interact.  As the raison d’etre of technology, power and empowerment are subject to attribution, distribution and ownership in equitable or inequitable and often contested ways, at times an engineer may be faced with a contentious issue (dilemma) not covered by regulations or the soundness of design (Keirl, 2003).   The students at AUT are taught to solve problems based on the work of Rabins, Harris, Pritchard, & Lowery (2003), the web information provided by Texas A & M University (2002), and the research of Forsberg & Kaiser (2002).
Before solving such a problem, it is important to understand what type of issue is being dealt with.  Rabins, et al., (2003) divide a contentious issue into factual claims, disputed conceptual issues, or at times a moral issue.  All three types of issue are likely to be encountered in the progress of an engineering career. 

Resolving a factual issue
A factual issue is one where a claim of fact is made, but doubt is expressed as to whether a claim is truthful, and is resolved by investigation and empirical research (Rabins et al., 2003).  Examples of factual issues could be claims such as:

· A claim for a new cure for some disease.

· A new invention that is claimed to perform a particular function.

· An individual claim of an identity.

· An individual claim to experience or qualification.

· A company claim that a product does not harm people or the environment.

These issues can be quite complex to resolve and it can sometimes be quite difficult to establish the facts.


Resolving a conceptual issue
A conceptual issue leads to debate in terms of the scope, concept or meaning of an issue, and is resolved by coming to agreement over the proper definition or scope of a term that describes the issue.  Such an issue found in the abortion debate, is whether an unborn foetus is a human person (Rabins et al., 2003).  If one argues that a foetus is a potential person, the conceptual question becomes whether that person has rights.  Such conceptual issues can be many and varied and difficult to resolve.  For example: What is the definition of a bribe?  What is a conflict of interest?  Is the legal financial support of a political candidate with the expectation of later favours a bribe?  


Resolving a moral issue
A moral issue (sometimes referred to as a dilemma) involves a dispute, which may require the application of moral principles.  The solving of moral problems requires a degree of problem-solving and decision-making that can be either analytical or imaginative (Texas A & M University, 2002):

a. Analytical mode of thinking – sort the problem into component parts.

b. Imaginative mode of thinking – use creative thinking to find a solution.

The analytical mode is normally a helpful activity in finding solutions to problems, but typically conflicting moral and ethical problems require an imaginative mode of finding new creative ways to solve conflicting moral problems.  Issues that arise in a moral debate often require resolving by the application of one or more moral principles.  There can be two common problems in resolving a moral issue.  A relevance problem and a conflict problem (Rabins, Harris, Pritchard, & Lowery, 2005).   


Resolving a relevance problem
In a relevance problem, the decision-maker is not sure whether the moral principle applies (or is relevant) and resolving may depend on the prior resolution of a conceptual issue.  Then, by comparing similarities and differences between cases in which the application of a concept is clear and similar cases where the application of a concept is unclear, some conclusion may be drawn.


Resolving a conflict problem
In a conflict problem, the decision-maker can be faced with two or more moral principles that can apply to the situation, and yet the two principles may require different and incomparable solutions.  Conflicts between competing obligations, both of which appear to be valid, are common features of moral decision-making.  The conflicts that give the most difficulty in decisions are not those that compete between good and bad, but those that are competing goods, both of which cannot be fully realised.  For example, should we allow a permit to opencast mining when it will provide the locals with work, but eliminate marine life in the area?  We can consider several ways to solve the problem, but first of all, will the decision break any laws?  If the decision has been made to move from the legality aspect, considerations at this point can include (Rabins et al., 2003):

1. Finding a solution that satisfies both parties, where it may be possible to satisfy both moral principles in a modified form.

2. Considering who will be hurt?

3. Who will benefit?

4. What are the long-term consequences?

5. What are the short-term consequences? 

6. How does the short-term solution affect the long-term interest?

7. Consider the result of a decision in terms of moral principles, fairness to others, honesty, equality and dignity.  Is it possible to take a lower-level option into consideration?  Very often one must also consider whether the decision is one that may enhance or damage one’s own career.

Taking the above considerations into account, a decision-maker may need to make a hard choice.  Very often a challenging moral problem will constitute a dilemma, a choice between courses of action (usually two), which are equally unacceptable.  In such cases where no middle ground is possible, at the risk of upsetting or alienating one party, the decision-maker(s) must make a choice.  

However, there is not always a guarantee of certainty of the decision.

Decision-making and certainty or uncertainty
Generally, there will be one of four outcomes resulting from a decision (Forsberg & Kaiser, 2002).

1. Decisions with certainty – there is only one possible outcome.

2. Decisions with risk – where it is necessary to assess all the possible outcomes and assess the probability of each outcome.

3. Decisions with uncertainty – the possibilities of each outcome may be known, but the probability for each is not known.

4. Decisions under ignorance – there is no predictability of an outcome.

Very few engineering decisions based on a moral solution have only one possible outcome (1), and engineers should rarely if ever make decisions in which the outcome is unpredictable (4).  When making a decision in which risk is involved, the main concern is to determine an acceptable level of risk, and good engineering decision-making with consideration of safety should always guide the process.

However, very often when making a decision based on values it is hoped that the result of a decision will realise a desired value.  Such an expectation can be based on what the facts of the situation are, and the way the proposed action will influence and interact with the surroundings.  If the consequences of the decision lie in the future, the consequences of the action can be uncertain.  There are two ways of dealing with the uncertainty, firstly claim that the moral status of the action should be determined by the intention rather than the consequences, and secondly, try to determine the outcomes of the actions and the probability of these, and then determine the respective probability of the result of the action being positive or negative.  Forsberg and Kaiser (2002) suggest that not dealing with uncertainty is considered culpable ignorance involving an attitude of precaution and offer the following steps for decision-making with uncertainty:

1. The maximum principle – choose a course of action that maximises minimum benefit.

2. The minimax principle – choose a course of action that minimises maximum loss.

3. Wait and see strategy – postpone the decision until further information is available.

4. No-regret strategy – choose the course of action that would be right for any possible outcome. (p. 10)

The precautionary principle in decision-making
The precautionary principle of a cautionary attitude is recommended as a sound guideline by Forsberg and Kaiser (2002) when a decision is likely to have any of the following traits:

1. Considerable scientific uncertainties (e.g. health or environmental consequences).

2. Scenarios where there may be possible harm (e.g. based on scientific reasoning).

3. Uncertainties that cannot be reduced without increasing the ignorance of other relevant factors.

4. The potential harm is sufficiently serious or even irreversible for present and future generations.

5. Delayed action could make countermeasures more difficult at a later date. 

Ethical consideration of the decision

Finally an ethical check of the decision is taken from Kallman and Grillo (1993, p. 64). Ask yourself the following questions on the ethics and professionalism of your decision:
1. List the stakeholders who are those with something to lose or win in this case.

2. Should someone have done or not done something earlier? 

3. Who benefits here?  Who is harmed here?  There could be multiple answers.

4. Apply three important ethical tests to your decision, and evaluate a decision from the perspective of each of these tests.

a. Use the Golden Rule Test which asks whether you would be willing to accept the consequence of your action if you were the one affected.

b. Use the Rights Test and ask yourself whether anyone’s rights, such as the right to free and informed consent and the right to equal treatment are being violated by this course of action.

c. The Utilitarian Test asks whether a course of action produces the greatest overall good for the greatest number of people, regardless of what it does to a few individuals.

5. Ask yourself how this situation could be prevented from occurring again. 
On the basis of the above learning processes implemented in the early stages of the AUT Engineering Studies paper, consideration needed to be given to an appropriate methodology for the reinforcement of this decision-making learning theory.  The process chosen is the case-study method, where the consideration of high-profile case-studies such as the Ford Pinto, Challenger, Bhopal and Titanic disasters enable student to critique other people’s decisions in hindsight, with a progression to making their own group decisions using this decision-making process.

Conclusion 
The values based decision-making process promoted by this paper is shown to be the collective wisdom and opinion of many authors, with the addition of my own opinion and experience.  This resulting decision-making methodology method teaches the AUT engineering students to distinguish between factual and conceptual, moral, relevant and conflict issues, and the predictions of outcomes.  This decision-making process is part of a global trend where it is now considered a moral imperative in engineering education to take our graduates beyond knowledge to wisdom.  Hopefully our graduates will leave the university with an awareness of the responsibility to consider the long-term impacts of their decision-making, and the need to choose technological solutions that are appropriate to their social context to avoid any unintended and sometimes catastrophic consequences of engineering decision-making. 
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