Introduction

Welcome to the profession of engineering.  This handbook, which you will be using for the next four years, introduces you to a number of issues that are key elements of the practice of engineering.  Let’s start with a definition of engineering.  There are many such definitions, here is a very simple one.

        Engineering is the application of the laws of nature and the goods of the world

        to the development of products and systems for the betterment of the human 

        condition.

The definition is very simple but it implies a great deal, namely those things that you must accomplish in order to become a competent engineer.  Here are some things you will need.

· A knowledge of mathematics and science.

· An understanding of how to apply this knowledge to the design and development of engineering products and systems.

· An understanding of the human condition, and of the ways in which society functions effectively.

· An understanding of, and an inclination toward, lifelong learning.

· Experience.

We start with an understanding of mathematics and science because they are the foundation upon which all else rests.  Mathematics gives us tools that allow us to quantify our work, usually an essential feature of engineering.  Science gives us those laws of nature that all of our products will have to follow.  You will be learning most of this material in the first two years at Santa Clara University, although some new material, and lots of applications will show up in the last two years.

The next step is to introduce those engineering techniques that allow you to take the principles learned in mathematics and science to develop new products and systems.  We begin talking about this in the freshman year, and it continues through the rest of your four years, culminating in a year-long senior design project that allows you to use what you have learned.

That might be enough if it were not for that phrase in the definition above alluding to “…the betterment of the human condition.”  Engineers don’t build just anything they please.  Engineers build things that are useful, are safe, are sustainable, and they do this while working within a society as good citizens of a community, whether that be a small village or the whole world.  Clearly engineers must have a broad vision of society, beyond the building of products.  Much of this vision is obtained through a study of the humanities, although the engineering faculty have a complementary role to play in this part of your education.  Most of the rest of this handbook relates to that aspect of the profession of engineering.

All professions, law, medicine, education, engineering, share at least one obligation, that of remaining current with the field throughout the life of the practitioner.  Lifelong education is a part of the engineering profession.  During the four years that you are here we will work very hard to help you develop your ability to learn continually, and your desire to do so.  

Most of the experience that will someday help you become an excellent engineer will come after you have left here.  But in these next four years we will be training you in ways that will help you take advantage of your experience.  We also will make available to you the opportunity to gain some practical experience through co-op programs if you choose to take advantage of these.  In either event you should understand that the experiences that you have here, and in the years after you leave, are a part of becoming an engineer.

1.  Some Issues in the Engineering Profession

Most of the rest of this handbook is concerned with a number of issues that are important aspects of the engineering profession.  They are sometimes mistakenly thought of as peripheral to engineering, but in fact they are a critical component.  A number of them are closely tied to subjects raised within the humanities.  It is not our intention here to substitute for work that must be done in the humanities.  Rather our intent here is to provide a framework for how these issues arise and are considered in the engineering process.  Here then are eleven issues we will consider in this handbook.

1. Manufacturability

2. Sustainability

3. Usability  

4. Health and Safety

5. Environmental Impact

6. Ethical

7. Social

8. Political

9. Economic

10. Lifelong Learning

11. Compassion

When you carry out your senior project four years from now you will be required to address specifically the first nine of these issues when you write your final report.  The rest of this section explains briefly the role of each of these issues in the engineering process.  Later we will turn to a detailed look at each issue.

Manufacturability issues are of great importance.  Can the product be built?  Is there an easier way to build this product than first imagined?  What development time issues arise?  What are the cost issues?

Sustainability means two things in engineering, one is a narrow sense, one broad sense.  In the former sense sustainability refers to the degree to which a product that is developed can continue to be viable and useful for a reasonable amount of time.  A product that fails soon after it is built and cannot be repaired or updated or modified to fit new needs is not a sustainable product.  In the broader sense a community or region or a world, perhaps, that uses its resources effectively so that it can sustain its life for a long time is said to be sustainable.  We say that such a community has a sustainable economy.  Engineering can help develop sustainable economies.

Usability refers to what is sometimes called “user-friendliness”.  Is the device straightforward, easily learned and easily used by the end user.

We develop our products for the use of the public.  Hence we must consider  health and safety issues related to our product.  How safe does a product have to be?  Are there laws that determine this?   Are there related ethical issues?  What health effects are relevant?

All of our products and systems have some environmental impact, in the uses of valuable resources, or in the production of pollution, or in other changes in our surroundings.  The engineer is obliged to consider such impacts, and to point them out where they arise, or are a threat.

Ethical conduct is what one ought to do in working with others.  It is the right thing to do, the moral action.  It is not surprising that virtually all of our professional societies and groups, in all professions, have codes of ethical conduct.  Professions realize that there are good and bad ways of working with others, and we need to make the distinction.  Sometimes it can be difficult know what is the right things to do.  Ethical training helps us approach this.  You will be required as a part of your study in the humanities to take a course in ethics.  There you will learn about ethical theory.  In this handbook we concentrate largely on applied ethics, but still there will be enough guidance so that you will have theoretical adequate background to help you make ethical decisions on a number of practical cases that you will see.  We have had considerable help in developing this material from the Markkula Center for Applied Ethics, a major campus resource that has a long tradition of working with engineering companies on the resolution of ethical questions.

Engineering is done within a social context, within a community of other people.  Sometimes that community is defined very narrowly, sometimes very broadly.  A focus on social issues allows us to consider the impact of our work on society.  If we develop this product, or implement this system, what will be the effect?  All of our human developments, in engineering and elsewhere, have unanticipated consequences, some good, some bad.  We have an obligation to reflect on consequences as well as we are able.  We will discuss this and other social issues in detail later.  Another major on-campus resource, the Center for Science, Technology and Society, has helped develop these materials.

Many of our projects are very political in nature, requiring us to take into consideration the will of the general public, usually through elected representatives.  Engineers who work on public projects need to understand the political processes that make such work possible.

Economic considerations in engineering concern the costs of the various steps in the project.  Such costs are usually dependent on the engineering decisions that are made. During the design phase.  Alternative approaches may offer cost options.  We also need to consider the cost of money.  How do we pay for the cost of a product development?  If we must borrow significant amounts of money how do we account for the cost of the loan in the pricing of the product?

Before we go on to the last two of the issues considered in this book, let’s take a moment to note something very interesting about these first nine issues – the ones that you will be discussing in your senior project.  Have you spotted the high degree of interrelatedness of many of these issues?  Health and safety issues may impact the economics of the project.  Ethical questions may impact political or environmental or social questions.  Manufacturability and sustainability questions may pull us in opposite directions.  This is just a tiny fraction of the enormous number of connections that you may have to consider.  In the sections ahead we will recognize these natural conflicts by giving you some cases to think about that involve more than one issue.

Now for our last two issues.

Lifelong learning is a necessary part of all professions.  You wouldn’t want to have a doctor who did not know the latest procedures and medications to protect your life.  And you wouldn’t want an engineer who didn’t know the analysis tools that had been developed since graduation, or the cost-effective materials that had just come along.  We just have to keep up.  Learning never stops.  It may surprise you to know that we can help you become a lifelong learner, and that it can be fun.  We’ll be working on that.

Finally, a few words about compassion.  One definition for compassion is an awareness of and sympathy for the suffering of another.  Compassion means to recognize the suffering of another.  But let’s look at a broader definition.  Let’s define compassion as “The awareness of and sympathy for the suffering of another, and the desire to relieve that suffering.”  What does that have to do with engineering?  Simple!  One of the things that engineers can choose to do in life is to look for and try to relieve suffering where they find it.  Perhaps it means replacing an ancient water supply system that is leading to disease in some tiny village, or designing a communication system to protect seniors with illnesses, or designing prosthetic devices for crippled children.  Even if we do not decide to make the relieving of suffering the focus of our life’s work, it is still critically important to our fullness as a human being that we feel compassion for the suffering.  It is a part of the education that we hope you will acquire at Santa Clara.  We had help in developing the materials on compassion from two campus resources, the Bannan Center for Jesuit Education, and the Pedro Arrupe, S.J. Center for Community-Based Learning.

So, let’s close this section by reminding you of those three cornerstones of a Santa Clara University education.

· Competence

· Conscience

· Compassion

In the next four years we will develop your competence through a curriculum that emphasizes science, engineering and the humanities.  We will help you develop your conscience, your sense of moral conduct, in theory and in application, and we will ask you to find compassion in your heart for those who suffer. 

In the pages ahead we address each of these eleven issues in turn, providing you with some ways to think about each issue, and some exercises to help you learn more about each of them.  In the four years of your engineering education we will return often to these issues, so hold onto this handbook.  It will see a lot of use.  When we address each of the eleven issues raised here we start each section with some theory or background.  Then you will find a number of “cases” or problems that will be assigned to you during the four years that you are here.

2. Evaluation Rubrics

An evaluation or scoring rubric is a rule by which an evaluator determines what score to give a student for a given piece of work.  Instructors may use explicit rubrics such as the one below, or the rubric may be implicit, in the head of the instructor.  Here is an example of a rubric that could be applied to the case given in the section above.

Score
Criterion

1
Student understands question, and defines key terms.

2
One, plus student identifies at least two ways to find the answer, and provides a logic or reference for each. 

3
Two, plus student identifies issues needed for calculation of the answer, and successfully carries out the calculation.

4
Three, student compares results critically, and raises questions about the results.

5
Four, plus student generalizes the results, applying them to other related problems.

“One, plus…” means that the student accomplished what is required for a score of one, plus the additional demands for a score of two.

