Chapter 12:  Bringing it All Together

            Divergent problems offend the logical mind, which wishes to remove  

            tension by coming down on one side or the other, but they provoke, 

            stimulate and sharpen the higher human faculties, without which man 

            is nothing but a clever animal.

                                                                                             -   E.F. Schumacher

In the first eleven chapters we considered eleven aspects of engineering, treating each as a separate issue.  But you must have noticed that on occasion an idea would sneak in from another chapter.  Thus, when we talked about the environment we had to think about the cost of protecting it.  When we discussed societal problems, political questions arose.  In this chapter we focus on bringing many, perhaps even all, of our issues to bear on some complex problems.  We start with a discussion of the complexities of life, and then move on to talk about what to do about it.  Specifically we address:

· Convergent and divergent problems

· Searching for the solution to divergent problems

· Bringing it all together

12.1  Convergent and Divergent Problems

E.F.Schumacher was an environmentalist, economist, writer, thinker.  He is perhaps best know for the book Small is Beautiful, one of the best books of the Twentieth Century.  He died in 1977, the year that the above quote appeared in an article that was published in the now-defunct magazine Quest.  In that article Schumacher distinguished between two kinds of problems that he called convergent problems and divergent problems.  Convergent problems are those for which most all reasonable persons agree to the solution.  He suggests that the bicycle is the solution to the convergent problem of designing a human-powered two-wheeled vehicle.  In engineering we have many convergent problems, including those simple problems where Ohm’s Law is applied to a known circuit.  We might call radio the solution to the convergent problem of how to send information to large numbers of people over long distances without the use of wires.  There do not seem to be any important alternative candidate solutions to this problem that society accepts.

Divergent problems are another matter.  They are problems for which there do exist not generally accepted solutions.  You, as an individual, may well have your answer to a divergent problem, but we as a people have not agreed on a solution.  Here are some divergent problems.

· Should the United States send troops into foreign nations?

· Should abortion be legal?

· Should same-sex marriage be legal?

· Is it better to be conservative or liberal?

· To what extent should we sacrifice individual freedom for collective security?

· Should poor nations have weaker environmental regulations than rich nations?

· What premium should we pay to develop sustainable electric power?

· How do we balance the cost of a car versus its safety?

· Is it moral for an engineer to work on the development of a bomb? 

Let’s go back and analyze the quote at the beginning of this chapter, in the light of such problems.

Divergent problems offend the logical mind, which wishes to remove tension by coming down on one side or the other,

They really do.  They make us uncomfortable.  The easiest way to solve that problem is to jump onto one side or the other.  We all do it.  You may well already have your mind made up on a number of the above questions.  It’s just easier – less tension.  But, Schumacher is not going to let us off the hook.  He points out the value of not deciding the answer, because divergent problems

provoke, stimulate and sharpen the higher human faculties, 

Which higher human faculties?   Open-mindedness, reflection, reconsideration, intuition, consideration of the thoughts of others, an internal debate with ourselves.  These higher human faculties

without which man is nothing but a clever animal.

We can teach you to be a clever animal, to solve convergent problems, the simple things of life.  But we want you to be more than this, we want you to be able to face, to challenge, and perhaps even – in some sense – to solve divergent problems, the ones that cannot be solved.  

Isn’t it illogical to talk about solving divergent problems?  It is indeed.  It offends the logical mind mightily.  But sometimes we must act in the face of divergent problems,  because the world abounds in divergent problems that cannot be solved.  So, what are we to do?

12.2   Searching for the Solution to Divergent Problems

All right, we have been playing with the word “solve” in the above to make a point, namely that this is not a completely logical environment.  You might think of the word solve in one of two senses here.  First, it might mean to come up with a solution that everyone agreed on, but then it would no longer be a divergent problem.  None of the above problems are going to turn into convergent problems.  Second, we might mean by solve that we are going to act, in one way or the other.  We are going to send the troops into Iraq, or not.  We are going to legalize abortion, or not.  But these are not solutions.  The divergent problem is still there.  We have simply decided by some means to act in one way or the other.

So in this section we concentrate on the word “search”.  We are going to search for a solution, with the expectation that we will not find it but that the action we finally take will be the better because of the search.  There is an old Jules Pfeiffer cartoon from 1978 that makes the point.  A group of four people is in conversation with a dancer in leotards.

Group:     You say that there is no answer?

Dancer:    Right.

Group:     And that you are not our leader?

Dancer:    Exactly.

Group:     Then where is there room for hope?

Dancer:    In the search.

Group:     What search?

Dancer:    For the answer.

Group:     So long as we continue to search, hope exists?

Dancer:    I believe so.

Group:     And since no answer exists, hope continues to exist?

Dancer:    I believe so.

Group:     Then hope depends on not finding an answer?

Dancer:    I believe so.

Group:     It’s complicated.

                It’s confusing.

                It’s frustrating.

                It’s too hard.

Dancer:   Hence we dance.

Let’s consider some strategies that we can use in the search for the solution to divergent problems.

Withhold or Withdraw Judgment

Eventually we have to act.  We have to make a decision, a judgment, and proceed.  Perhaps we have to cast a vote as a citizen, or make a decision on how many people to lay off in an economic downturn, or choose the level of safety that we can afford to build into a building, or decide what decision to make in a complex ethical case.  But what happens so often is that we make a judgment too early, before we have to.  And when we do that, we essentially close the door on new knowledge, on working toward a greater understanding of the problem.  At the same time we alienate ourselves from all those folks on the other side of the decision.  After all, now, I am right and you are wrong.

So, the first strategy is to delay making a decision, or to stand back from a decision that we have already made.  Take a deep breath, stand back and say ‘I no long hold a position on this question.’  It can be quite refreshing, and at the same time maybe a bit scary.  The logical mind is offended, but there is something liberating about being out in the open air.  There’s hope.

Search for Alternative Views

Now that you have given up “the answer” it’s time to go in search of other people’s answers.  This can be difficult sometimes, because there is a strong tendency to listen to that answer, and immediately look for ways to refute it.  If you truly suspend judgment you have to listen to other points with a completely open mind.  The Stanford University economist Kenneth Arrow puts it this way.

The sense of uncertainty is active: it actively recognizes the possibility of alternative views and seeks them out.  I consider it essential to honesty to look for the best arguments against a position that one is holding.  Commitments should always have a tentative quality.

That’s a fascinating idea.  If you are to be honest in your approach to a difficult problem it is essential that you look for arguments against your own position.  Zen Buddhism has a saying that speaks to this idea.  It says, ‘If you meet the Buddha on the road, you must slay him.’  If you find the ultimate answer to life, you must discard it, because the ultimate answer to life is not to be found.

There is another reason to search for alternatives to your position.  You will have to talk to some new people, and you may well find that people who hold opinions that differ from yours are not so bad after all.  You may make some new friends.

Evaluate What You Have

Do you remember Blooms last competence, evaluation?   It’s the last step in the engineering process, to evaluate the various solutions to the problem.  So, when you have as many answers as you think there are, or the time has come when the decision must be made, evaluate, contrast, compare, justify, defend, discriminate, and then finally judge.

In fact the whole process reminds one of Bloom.  First, we seek knowledge, with an open mind.  And we seek to understand, to comprehend that knowledge.  Then we analyze the situation.  Next we consider a number of solutions.  We become creative.  Finally, we evaluate.

12.3   Bringing it All Together

Most of life’s really interesting problems are divergent, and they are also multi-faceted.  They are not just ethical problems, or economic problems, or sustainability problems.  They may have political, societal, environment, sustainability faces that must be considered at the same time.  In this section we talk about bringing together all the faces of a problem.  

One of the problems with considering more than one factor at a time is that factors are generally not commensurable.  That is, they do not have a common measure of value.  The measure of a thing in an economic sense is its cost, in dollars and cents.  But the measure of a clean river or a clear sky is something else.  One way around this is to assign a dollar value to an environmental good.  This is seldom very helpful, and may just be a way of evading what is an essentially divergent question.

Let’s consider an example.  In 1990 the State of California adopted a program requiring that by 2003 ten percent of the automobiles sold in the State would have to be zero-emission-vehicles (ZEV). In 1990 the primary ZEV interest was in electric cars.

This program sounds like a great idea because such vehicles emit no pollution into the air.  If this is the only factor that you consider, then you can jump onto the ZEV bandwagon and cast your vote.  But if you do so you will miss the opportunity to consider a number of other issues, from which you might well learn a great deal.  Let’s talk about some of these issues.

Let’s start with environmental impact, since that it the primary reason for developing the vehicles in the first place.  While it is true that ZEV’s emit no pollution directly, the electric power that charges the batteries must be generated somewhere.  In California much more that half of the power is obtained by burning fossil fuels, which pollute the air and use a nonrenewable resource, creating or continuing a sustainability problem.  The pollution source has been moved from the vehicle to the power plant.  Is this a good tradeoff?  It certainly is a difficult one to measure.

We will need to ask questions about health and safety.  Are electric cars as safe as internal combustion cars?  Are they lighter, about the same, or heavier?  What are the safety issues related to weight?  If an electric vehicle is involved in an accident is there a health threat due to the acid in the batteries?  Usability issues arise related to the limited driving range of the ZEV.  Does this constrain them to local transportation?  If so, would the effect to be to increase the total number of vehicles built?  Would the existence of large numbers of electric vehicles cause significant changes in society?

Economic question center on the cost of the vehicles.  They can be quite expensive.  Political issues arise when manufacturers who do not wish to build such vehicles attempt to influence legislation.  There are lots of issues or questions here.  Now we are not saying that the engineer who designs the vehicle need answer all of them.  But the engineer should be aware of such issues, and be ready and willing to contribute to the debate in the light of his or her expertise.

Here is another example.  Suppose that you are a Jesuit Volunteer working in a small remote village.  The life of the village depends on hauling water from a river up a steep grade to farmland on a plateau.  It takes much of the time and energy the villagers have to do this task.  Every time you see them carrying water you wince as you can feel the load on your own back.  It occurs to you that a small wind-power electric plant could supply power to pump the water up from the river.  The only suitable place to put the plant is at the top of a pass that goes to a neighboring village.  What issues should you think about before you do anything else about the project?

Well, to begin with it’s good that you had the compassion to try to help them with this problem of water supply.  And the wind power certainly suggests a sustainable source of energy.  What about the effect of such a plant on the life of the village?  Would there be bad as well as good effects on the community, on this society?  The natives are not well educated.  Can you make the system easily used?  Repaired?  What would be the economic burden of repairs over time?  If you are going to do this project, is it ethical to proceed without discussing the matter with the neighboring village that shares the pass?  If you do this it may take all of your political skills to bring this off.  Perhaps there has to be some kind of quid pro quo, that is, you may have to give the other village something.  It seemed like such a simple matter when you first thought of it.  But if you are to make it as effective as possible, you will have to think through a lot of questions.

Let’s close with a more formal approach to the examination of divergent problems.  Here are some steps.

1. Study the situation carefully.  Learn as much as you can.  Try not to let any pertinent facts elude you. (Knowledge)

2. Understand the facts.  What is the meaning of what you have learned?  (Comprehension)

3. What are the various elements of this situation?  Are there ethical issues, environmental, societal, safety, economic? (Analysis)

4. How are the various elements of the problem interlinked?  How do they fit together?  (Analysis)

5. What are some candidate solutions to the problem?  (Synthesis)

6. How do the solutions compare?  What are strengths and weaknesses of each?  What is the “best” solution?  Why? (Evaluation)

We’ll use this approach in some of the cases to follow.

Cases

Case 12.1: A number of states and municipalities have set up programs to help pay for the cost of solar power systems in an attempt to make them more competitive with conventional sources.  What factors might motivate such programs?

Case 12.2:  Consider the list of divergent questions in Section 12.1.  Is there one there on which you have a firm position.  If so, pick it out.  If not, think of some other divergent problem on which you have a strong position.

a. What is the question?

b. Why do you hold your position?

c. Take a deep breath, and try to stand back from your position.  Try to have an open mind on the matter.  How does that feel?

d. Find someone who takes an opposite position.  Ask that person to talk about why they take the position they do.  Try very hard to listen with an open mind.  Why do they hold their position?

e. After you have at least one other position in hand, evaluate the positions that you have.  Did you learn anything about the problem in this process?  If so, what?  If not, why not?

Case 12.3:  Read the paper:  A New Green Regime:  Attacking the Root Causes of Global Environmental Deterioration  at  http://www.yale.edu/environment/about/environment_speth_09-02.pdf
Case 12.4: Consider xxxxxxxx

     Apply the six steps at the end of Section 12.3 to the above case.

