Chapter 7.  SOCIAL

Do you remember the definition for engineering that came at the beginning of the Introduction to this handbook?

      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 idea is simple enough.  Engineers are to create products and systems that lead to a better life.  But a few questions arise.  What things are for the betterment of the human condition?  What about pesticides, SUV’s, cell phones, supersonic airplanes, television, bombs, loudspeakers, police surveillance devices?  Are these things good or bad?  Who decides?  What if something is misused?  Does the development engineer bear any responsibility?  What if a product has unanticipated consequences?  Is anyone responsible?  These are the sorts of questions that society should ask.  At Santa Clara University such questions are addressed formally by the Center for Science, Technology and Society.   

Just how does the working engineer fit in?  What is he or she to do?   That’s the topic of this chapter.  Here are some of the things we will look at.

· The role of technologies in society

· Deciding what is to be done

· The role of the engineer in addressing social issues

· A century of achievements

7.1  The Role of Technologies in Society

There are certain things that we can say about a technology that is to be developed.

· It is seen as a good, as bettering the human condition, by at least someone.

· It may not be seen as good by everyone.

· It may be abused, that is, used for bad purposes.

· It may well have consequences, good or bad, which were not anticipated by the developer.

Let’s use the cell phone as an example to illustrate these points.  Developers of the cell phone saw the device as a means toward improved communication, eliminating the need for hardwiring.  And in fact it has been extraordinarily successful in meeting that goal. But not everyone sees the cell phone as a good, citing the ubiquitous presence of cell phones in restaurants, theaters, and other places where they are found to be an annoyance.  Questions have been raised about the health and safety aspects of cell phones, with no definite medical position available on the long term effects of cell phone use.  The use of cell phones by automobile drivers has been banned in some communities because of accidents assumed to be due to driver inattention.  Cell phones have been used by criminals to increase the effectiveness of their operations.  The original developers did not anticipate this problem.  Nor did they foresee the great potential for cell phones to provide needed communication to developing countries where the cost of a hardwired infrastructure would be prohibitive.

Many more examples could be raised, but the point is clear.  The fruits of technology are often mixed blessings.  Before we discuss what to do about that fact it is interesting to note that we in engineering are not alone in this matter of mixed blessings.  Society has many ways of trying to better the human condition.  Here are a few other fields that strive to accomplish a better life.

· Medicine

· Law

· Government

· Education

· Religion

· Business

A new medicine is developed to control depression.  A legal system is set up to judge accused felons.  A law is passed to limit the emissions from automobiles.  An educational philosophy is introduced into a school system.  Notice that in each of these cases we can say exactly what we said about technology above.  If society takes some action, 

· It is seen as a good, as bettering the human condition, by at least someone.

· It may not be seen as good by everyone.

· It may be abused, that is, used for bad purposes.

· It may well have consequences, good or bad, which were not anticipated by the developer.

Let’s take an example.  Let’s assume that the Federal Reserve Board lowers short term interest rates in an attempt to stimulate the economy.  Some may well believe that this is not a wise policy.  A corrupt board could use such an action for its own private purposes.  The consequences of the action are almost certainly not anticipated, at least not exactly.

Here’s one that looks to the future.  In a decade or two or three it may be possible to develop a computer-like device that could emulate the human brain.  Suppose that such a device is proposed.  How might society respond?

The conclusion of this section is that we live in a very complex world.  Almost all of our actions, technological or otherwise, have mixed and uncertain effects on society.  What is society to do in the face of such uncertainty

7.2  Deciding What Is To Be Done

It is important to understand at the outset that these are not new questions for society.  Communities of people have been making rules and laws, trying to heal the sick, teaching the young, building water supply systems, tending the crops since long before the dawn of recorded history.  And these communities should have, and probably sometimes did, question what they were about to do.  And if they did not, it is likely that some of those communities failed to survive because of that.  It has been suggested, though never proved, that the fall of the Roman Empire was due to some extent to the water pipes made of lead.

In the Eighteenth Century the smokestacks of London inspired this dream of a better society.

Forget six counties overhung with smoke, 
Forget the snorting steam and piston stroke,
Forget the spreading of the hideous town; 
Think rather of the pack-horse on the down, 
And dream of London, small, and white, and clean, 
The clear Thames bordered by its gardens green.  

                                                           William Morris

Today some of the decisions that face society involve the entire planet.  Should nuclear electric power be developed?  If an epidemic of a new virulent disease breaks out in a some nation, how should the worldwide medical and political communities respond?  Should third world countries, badly in need of economic development, have lower environmental standards than the developed countries?  Should cloning of farm animals be allowed or encouraged?  Should a community ban the use of cell phones in automobiles?

How do we address such questions?  A simple answer is to say that the community that is affected is the community that should address such questions.  But life is seldom that simple.  Consider the use of cell phones.  If a city or state bans their use in automobiles, then car-driving phoners can no longer be reached, and those who are trying to call them from a distant city or state are at a disadvantage.  The effect of the rule goes beyond the community.  Or, from another perspective, the community is larger than it had seemed to be.  A recent power outage in the Northeast United States led to a loss of power in parts of Canada.  And yet the problem appeared to have originated in the United States, and will have to be solved here.

Some problems are local and have local solutions, but increasingly problems cross boundaries, and need to be addressed by wider communities, by bodies that can influence actions quite broadly.  And what do such communities ask of the engineer?

7.3   The Role of the Engineer in Addressing Social Issues

Engineers are in a unique position to contribute to the resolution of problems that cross the boundaries of science, technology and society.  No one has a greater understanding of the technical aspects of a product or a system.  No one is in a better position to point out the predictable effects of projects, or to approach the far more difficult task of peering through the fog in hopes of catching a glimpse of the unanticipated consequences of what we do.  Engineers have a responsibility to society to make their expertise available to the community in the assessment of proposed and existing technologies.  In the same sense that a doctor would be remiss if he or she did not point out the potential dangers of a new drug, so is the engineer wrong not to help assess the implications of proposed work.  The community depends upon us for this contribution.

Here are some specific expectations that society can properly ask of the engineer.

· Consider what projects ought to be carried out, and hence ought to be worked on by the engineer.  Not everything that is proposed should be developed.  The engineer can say no.

· When a project is carried out it should be done well, with competence.  It is reasonable to assume that this will lead to a better understanding of the project and its implications.

· When a project is carried out the engineer should take into account as many of the considerations as possible that have an effect on society.  This handbook was written to help you understand these issues and integrate them into your work.  Engineers must ask whether there are ethical issues, health and safety concerns, environmental implications, sustainability questions, and so on.

· When things go wrong the engineer must be able and willing to bring this to the attention of society in a appropriate way.

The last point brings us back to the question of whistleblowing, which we also considered in the Chapter on ethics.  Whistleblowing is the act of making public certain information or knowledge about some situation in which harm may arise.  This definition is purposely broad.  Many definitions with lots of variations can be found on the Internet.  For example, some would include making information known to internal officials, others would say that it is not whistleblowing unless one goes outside of the corporation, or group in question.

Some argue that engineers should be encouraged, even urged to blow the whistle on problems that they are aware of.  Others argue that much caution should be used in whistleblowing because of the damage that can be done to the whistleblower, and sometimes unfairly to the corporation.  Most people agree that it is best to try to solve problems internally, and that external whistleblowing should be considered as a last resort only.  Most also agree that anonymous whistleblowing, perhaps writing an unsigned letter to the local newspaper, is seldom effective.  Engineers who become aware that something is wrong need to have the courage to stand up and air the matter publicly.  

7.4  A Century of Achievements

The Eighteenth and Nineteenth Centuries saw the beginnings of the great technological developments that were to come in the Twentieth.  These forerunners included the Industrial Revolution, the development of steam power, railroads, the telegraph, and the experiments in electricity and magnetism that would culminate in 1873 with the brilliant synthesis of James Clerk Maxwell.  Maxwell’s equations led to much of that technology that we have today.  In the Year 2000 the National Academy of Engineering came up with of list of what it considered to by the twenty greatest engineering achievements of the Twentieth Century.  We list them here in alphabetical order so that you will be able later in one of the cases to try you hand at putting them in order of importance.  Here they are.  Ask yourself how many of them had an impact on your life for just this one day – today.

· Agricultural Mechanization

· Air Conditioning and Refrigeration

· Airplane

· Automobile 

· Computers

· Electrification

· Electronics

· Health Technology

· High Performance Materials

· Highways

· Household Appliances

· Imaging

· Internet

· Laser and Fiber Optics

· Nuclear Technologies

· Petroleum and Petrochemical Technologies

· Radio and Television

· Spacecraft

· Telephone

· Water Supply and Distribution

The Twentieth Century was quite a ride.  Do you think that just about everything has been invented, or do you suppose that there are still a few things left to come along?

7.5   Human Needs

Engineering is about the business of meeting human needs through technological development.  But just what is it that people need?   One answer to that is due to the Twentieth Century psychologist Abraham Maslow.  Maslow claimed that we have a hierarchy of needs.  Each must be met before we can proceed on to the next.  And if one need becomes deficient then we must go back and satisfy that before we proceed to satisfy our higher needs.  Maslow expressed his needs as a pyramid.
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Figure 7.1:  Maslow’s Hierarchy of Human Needs

Our first needs are physiological.  These include air, water, food, sex.  If these needs are not met we feel uncomfortable and we may attempt to meet these needs before moving on to other things.  Of course we might choose to continue with some task even though we are hungry or thirsty, but the need is still there.

Our next need is for safety.  This includes adequate housing to protect us from the elements and to alleviate our fear of what may threaten us “out there”.  Fear for our safety also motivates societies to set up protection systems, such as police, the military, etc.  As long as we fear for our safety it is hard, though not impossible, to move on to higher things.

Next we need love or companionship.  We like to have friends, belong to groups, join clubs, organizations, churches.  We need to feel that others love and respect us.

Esteem comes next.  Self-esteem comes from feeling good about what we have accomplished in life, a sense of satisfaction with the contributions that we make.  We also feel good if others appreciate our contributions.

Finally we seek self-actualization, having the ability to grow richer and more complete as life goes on, to develop our strengths, overcome our weaknesses, to enjoy a sense of wholeness with life.

It is interesting to consider these needs in the light of the twenty technological developments in Section 7.4.  Which need(s) do these developments satisfy?

Cases

Case 7.01:  You are a civil engineer who is aware of the seismic construction code for buildings in your area.  You observe what appears to be a violation of the code in a project in which you are not involved.  You do know the engineer in charge of the project.  Here are some options that come to mind.

a. Ignore the matter, it is not your responsibility.

b. Discuss the matter with the engineer directly responsible for the part of the job where you think there may be a violation.

c. Discuss the matter with the engineer in charge of the project.

d. Discuss the matter with the local building inspector.

e. Write a signed letter to the local newspaper.

f. Write an unsigned letter to the local newspaper.

It is possible to give reasons or make arguments for and against each of these options.  Do so, and then decide what is your choice for a plan of action.  If your first step does not work, what do you do next, etc?

Case 7.02:  Should third world countries, badly in need of economic development, have lower environmental standards than the developed countries?  First, state and defend your position.  Then address the question of who in the world should decide what the answer is to be.

Case 7.3:  Go back to Section 7.4 and take a look at that list of technologies.  Rank them in order or importance in your view.  Don’t look up the answers until you have had a chance to think about it a bit for yourself, and do a ranking.  Then when you have done that take a look at the ranking that the National Academy of Engineering came up with.   

           http://www.greatachievements.org/greatachievements/indexp.html
a. Why do you suppose they picked Number 1?  What makes it so important?

b. Why is their fifth pick more important than their sixth?

c. Let’s take a look at one of these in detail.  We’ll do Water Supply and Distribution.  Follow the link to some details about this work.  Read the History and the Timeline.  Water supply is often thought of as a Civil Engineering field.  And yet a number of the twenty technologies, outside of CE, are important to water supply.  Which ones?  Why?

Case 7.4:  Make a table with Maslow’s five needs as the head of columns.  Below the heading list which of the twenty technologies of Section 7.4 satisfy each need.  You may well want to use some of the needs in more than one column. 

Case 7.5:  The homes we live in are full of electronic communications devices.  Telephone, radio, television, computers, cell phones, PDA’s.  What effect do these devices have on the way we live, the way that families function in a home.  Think about your own experience.  How are you and those you live with affected by all this electronics.  After you have had a chance to think about this read the article by Christine Bachen, a member of SCU’s Communications Department.

         http://sts.scu.edu/nexus/Issue1-1/Bachen_TheNetworkedFamily.asp
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