Chapter 11.  Lifelong Learning

Introduction

It has been popular over the last twenty or so years for learned persons to proclaim on occasion that the “half-life” of the engineer is five years or six, or eight, or ten, or some other such number.  The idea was that after say six years half of what you learned in school is obsolete.  The concept is extraordinarily simplistic.  It suggests an image in which we fill you up with engineering over four years, like a gasoline tank.  Then in six years your tank is half empty, or half full if you prefer the optimistic perspective.  Implicit in this model is the idea that education is largely about learning facts.  In fact education is quite a bit more complex than this, and that’s the good news.

In this chapter we talk about a number of things relating to how we learn and how we can continue to learn for our life time.  Here is what we will look at.

· The Structure of an Engineering Education

· Levels of Learning – Bloom’s Taxonomy

· What’s Your Style

· Critical Thinking

· Communication

11.1  The Structure of an Engineering Education

Your engineering education can be seen as consisting of four parts, the first three of which are largely unchanging over the years.  Let’s look at these parts, along with some sub-parts.

       Basic mathematical tools

· Algebra and trigonometry

· Calculus

· Probability

· Finite mathematic

· etc

       Fundamental laws of nature

· Newton’s Laws

· Maxwell’s Equations

· First and Second Laws of Thermodynamics

· Principle of Relativity

· etc

       The Ways of the Engineer

· Critical Thinking

· Learning How to Learn

· Disciplined Analysis

· Creative Design

· Checking Results (initial conditions, boundary conditions, limits)

· Professionalism

· Working in Teams

· Communications

       Technology

· Each discipline has its own technology, which changes over the years

Most of what we you learn in the first three areas is relevant to any of the engineering disciplines, and most of it will be relevant throughout your career.  This is not to suggest that it is static.  You may need to learn some additional mathematics to approach a new technology.  You will almost certainly increase your engineering skills with experience.  You will want to develop your skills in working with other people. You may have to learn new techniques or approaches to problems.

But it is in technology that you will likely see the greatest changes in the years ahead, and you will need to keep up with these changes if you are to continue to be an effective engineer.  Because we are committed to helping you remain effective over the lifetime of your career, one of the objectives of your engineering education is to help you become an effective lifelong learner.

If you are to be an effective lifelong learner you will need two things.

· Motivation to learn

· Tools or methods to facilitate that learning

Motivation comes from the heart and the mind.  What do you want to do in life?  What do you love to do?  These questions have always moved you, they always will.  When you decided to come to engineering school, it was with some goal in mind.  Perhaps you love to make things work, or maybe you think this is a good way to make money, or perhaps you always loved mathematics and physics and just want to learn some more.  The goals you set in life provide you with the motivation to do the work necessary to reach these goals.  We will do what we can to help you with this matter of motivation.  We will try to show you that our work is exciting, that it’s fun to solve problems, to design things, to make them work, to make the world a better place to live.  But in the end motivation is pretty much up to you.  

So let’s talk about what you can do to become a better lifelong learner.  We’ll start by talking about the different ways in which we learn.

11.2   Levels of Learning – Bloom’s Taxonomy

In the 1950’s Benjamin Bloom and his colleagues identified three different ways in which all of us learn, the cognitive, the affective and the psychomotor.  Cognitive learning involves knowledge and the development of effective ways to use knowledge.  Most of the explicit work we do in formal education is cognitive.  Affective learning involves the emotions, including feelings, intuition, desires, ambitions, attitudes.  Psychomotor learning involves learning to move and act effectively, to respond to new situations requiring motion, to adapt to new motor demands.  In this section we limit discussion to the cognitive realm.

In the cognitive sector Bloom identifies six levels of accomplishment or competence.  At  each level certain skills are demonstrated and certain keywords apply.  In Figure 11.1 we have adapted the original list of skills and keywords to apply to engineering education.  Education is certainly about knowledge, about knowing things, terminology, names, theories, practices, concepts.  But that’s only the beginning.  We have to comprehend or understand what we know.  We need to know what our theories mean, how to explain them, how to work with data.  If we do, then we are in a position to apply data and ideas and theories to solve problems, make judgments, evaluate alternatives.  

Let’s apply Bloom’s taxonomy to an example of something that you learn in engineering.  We’ll consider Ohm’s Law.  

     I = V/R                                                                                                                     11.1

You have to start by knowing Ohm’s Law.  But that is not enough.  You must comprehend or understand it as well.  What does Equation 11.1 mean in words?  “The current that flows in a resistor is equal to the voltage across the resistor divided by the resistance.”  Can you explain what that means to someone, perhaps with a picture or by using a resistor as a prop?  Now, can you apply Ohm’s Law to the solution of a simple problem?   If the voltage across a resistor is 12 volts, and the resistance is 3 ohms, then 4 amps flows.  Well, that was easy but still useful..  What if we have a more complex circuit, as below?  What is the current in the 6 ( resistor?  This requires analysis.
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Competence


Skills and Key Words

Knowledge
Observation and recall of data, concepts, equations, laws of physics.                        Knowledge of engineering practice, degrees of accuracy, standards.                    Knowledge of test procedures and statistical data analysis.                                                                                                                                                  Knowledge of computer analysis techniques.                                                                                                           Key Words:  define, describe, label, name, recall, reproduce, tabulate, select, identify, recognize.



Comprehension
Understand the meaning of data, information, laws, theories, concepts.          Work with data: interpret, order, classify, compare, contrast.                                      Explain a procedure or theory in one's own words.                                                    Anticipate or predict the outcomes or consequences of one's work.                         Key Words:  explain, classify, interpret, generalize, give examples, summarize, paraphrase, interpret   

                                                                                                                     

Application
Use information and concepts to solve simple engineering problems.                                                                                        

Analyze experimental data statistically.

Apply abstract ideas to particular concrete situations.

Present engineering data or information in an effective way. 

Key Words:  apply, solve, compute, manipulate, use, extend, organize, model, chart, illustrate



Analysis
Break a complex problem down into a set of simple problems.

Determine how parts of a problem or a device are interrelated. 

Troubleshoot a piece of equipment through logical deduction.

Analyze an engineering system to see how it works.

Key Words: analyze, separate, subdivide, interconnect, distinguish, examine, inspect, question, contrast

  

Synthesis
Combine elements in a new way to create a new product.

Combine ideas to create a new idea or concept.

Devise a new experiment to obtain information.

Relate knowledge from different areas.

Key Words:  synthesize, create, build, design, invent, devise, plan, organize, revise, manage, compose, formulate



Evaluation
Select the best design solution.                                                                    Critique evidence or data obtained in experiments or other sources.                         Make decisions based on reasoned arguments.                                                     Assess importance of various ideas in preparing for a test or for a profession.  Key Words:  evaluate, judge, contrast, compare, justify, conclude, defend, discriminate.



Figure 11.1  Bloom’s Taxonomy for Engineers

Now we cannot apply Ohm’s Law directly.  We need to break the circuit down into parts and we have to know and apply some other laws.  First we focus on the two parallel resistors on the right and apply the rule for reducing parallel resistances to find that the 

equivalent resistance if 4 (.  Next we need to know that we can add this to the 3 ( resistor to get a total resistance of 7 (.  Now we apply Ohm’s Law to find that 2 amps flows in the 3 ( resistor.  Next we know that the voltage across a resistor is the current times the resistance, and hence the voltage across the parallel resistors is 8 volts.  Applying Ohm’s Law one more time tells us that the current in the 6 ( resistance is 4/3 amps.

In synthesis we may use Ohm’s Law as part of the design of a circuit intended to accomplish some task.  See Case 11.1.  And in the end we will evaluate the design.

11.3   What’s Your Style?

All of us think, but we don’t all think the same way.  And we don’t all learn the same way.  Some of us learn well by listening to someone’s explanations.  Others prefer to see a picture, a graph, a diagram.  And some people like to touch the things they are learning about.  Quite literally, they like to get their hands around the problem.  The principle of Multiple Intelligences was developed about 20 years ago by Howard Gardner.  He originally identified seven ways in which we learn, later expanding the list to nine.  Here they are.

· Mathematical-Logical:  the ability to process logical problems including equations, to think in terms of concepts, to notice logical or numerical patterns, to understand what makes a causal system work.  This is what is often being tested in standardized multiple-choice tests.  It is hard to imagine an engineer who was quite weak in this area.  But this is not the only way in which engineers learn.

· Verbal-Linguistic:  the ability to learn through language, and to express your ideas clearly, to learn through reading and through listening to lectures, discussing ideas.  Not everyone learns best this way.  Listening to lectures and talks may not be your best thing.  You may need to look for additional ways to learn most effectively.

· Visual-Spatial:  the ability to think in images and pictures, to see something clearly in your mind, to learn from pictures, to explain things through pictures.  These folks want to see pictures on the blackboard or PowerPoint presentation that illustrates the concept or idea that is being discussed.  They may learn more from the pictures than from the words being spoken.

· Bodily-Kinesthetic:  the ability to control your body to accomplish some task or to learn something, to handle objects skillfully and learn from that process.  These people like to touch things, to feel the piece of steel or the new plastic material on the market, to get an idea of its weight, its roughness.  This helps this engineer decide how to use the material.

· Interpersonal:  the ability to understand other people, to learn by understanding another’s viewpoint, to notice mood or feelings or intentions.  Almost all engineers work in teams much of the time, and must have some measure of interpersonal intelligence.

· Intrapersonal:  the ability to understand yourself, to be aware of oneself, to know who you are and what are your strengths, perhaps to know what are your strongest kinds of multiple intelligence, to know where you are at any one time in Bloom’s taxonomy.  The engineer who has a sense of who he or she is has a headstart on the road to lifelong learning.

· Naturalist:  the ability to understand nature, to classify plants, animals, to distinguish subtle differences among similar entities.  In the forest these folks can pick out the differences among similar trees, or perhaps birds.  Back in the city they recognize little differences that tell one car from another.  In the engineering laboratory they may be able to pick out the best of a number of solutions that look very much alike to the rest of us.

· Musical:  the ability to recognize and to create meaning within sound, to appreciate rhythm, pitch, timber, to hear patterns and repeat them, to recognize harmony.

· Existential:  the ability to face and to ponder the most fundamental questions about life, death, ultimate values.  The engineer might ask, why did I choose this profession, what is the contribution I was born to make in this world, how can the world be a better place because of the life I live?

Of course no one is just one kind of learner.  All of us can learn in all of these ways, but we are almost certainly much better at some than others.  Typically people find that they are strong in three or four areas, and weak in three or four.  It is interesting indeed to find out what are your strengths and then ask yourself whether you would have said this ahead of time.

Before we go any further it is time to stop and ask some very fundamental questions about the ideas of Mr. Bloom and Mr. Gardner.  In the previous section we looked at Bloom’s Taxonomy, and in this section at Gardner’s multiple intelligences.  A reasonable question is this, are these ideas “correct” or “true”?  Is this really the way people are, is this the way people act?  How can we know if these ideas are “right”?  

These questions get to the fundamental concepts of human knowledge.  What people do is to observe the infinitely complex world in which we live, and try to make finite limited statements, or theories or laws about what they see.  We do this in science and engineering, and we do it in psychology.  The difference is that scientific laws tend to be much more easily tested than the theories of social sciences.  One reason for this is that the laws of science are usually applied to very simple limited situations.  This is certainly true of Ohm’s Law, Newton’s Laws, Gauss’s Law, and all the rest.  The laws of the social sciences are applied to far more complex situations, namely the actions of human beings.  Such laws cannot be as easily tested as the laws of science.  So, instead of asking whether the concepts in the social sciences are “right”, let’s ask if they are useful.  Do they tell us something of the human condition?  You may ask yourself this question.  When you read about Bloom’s Taxonomy and Gardner’s Multiple Intelligence, did you find yourself nodding your head in agreement?  Did you see yourself as one kind of learner, but not another?  Did this help you think about the learning process?  I think that most of us find that we can relate to these ideas, that they do help us think about how we are thinking.  If they do that, perhaps that is enough to ask of them.  The Greeks taught us to “know thyself”.  If such ideas help, then we welcome them.

If the world of the physical sciences is a relatively predictable world, and the world of the social sciences less so, what of the world of engineering?  It seems that engineering must take something from both of these worlds.  The laws of science are used to design engineering products, but they do not address the question of whether such products are useful, are desirable for society, of whether they do indeed work toward the betterment of the human condition.  

11.4   Critical Thinking

Everybody thinks, all the time.  Our species has been doing this for millions of years.  The question is whether there is much of anything to say about thinking, and perhaps more to the point, can we learn to think better if we try.  Well, the answer had better be yes, because one of the primary purposes of education is to help you learn to think more effectively, more critically, more creatively, with more concern for the results of your thinking.   A university education is not so much about teaching you facts as it is about teaching you what to do with facts, how to work effectively with what you know.  We can think about thinking in a number of ways.  Here is one.  Let’s break thinking down into three parts.

· Critical thinking

· Creative thinking

· Ethical thinking

Let’s explain each briefly and then settle down to a more detailed look at each.one.  

Critical thinking refers to the process of analyzing a problem purposefully and carefully, evaluating and interpreting aspects of the problem, making inferences based on the data, finding ways to explain the problem or the situation, and understanding oneself well enough to reflect on the quality of the analysis.  Critical thinking is usually assumed to take place within a fairly well-structured world view or paradigm, one’s vision of “how things work”. 

Creative thinking requires us to think beyond the established paradigm, to new and original ways of seeing the problem.  In the jargon of the day, it is “thinking outside of the box”.  It requires new ways of analyzing, new levels of openness to odd or unexpected outcomes or visions.  Creative thinking breaks new ground.

Ethical thinking is thinking that leads to good things, to things that “ought” to be done..  It is not enough to be able to think critically and creatively.  We want your thinking to lead to good actions.  That is a major part of your education at Santa Clara University.

We have included this section in your Engineering Handbook because we want to help you increase your ability to think well when you consider the issues addressed in this handbook.  We would like you to apply some of these principles to all of your education, to the classroom, to what you read, and what you write, and what you think about.  If you do this well you will be a much more effective person, you will understand yourself much better, and you will be ready for the life of education that lies ahead of you.

Learning to think well will free you from the bonds of ignorance, prejudice, apathy, mindlessness.  It will free you to become a leader.  That’s why we call it a “liberal” education.

11.5   Communication

Few things are as important to the engineer as the ability to communicate effectively.  Our work involves others by its very nature.  We work together in the engineering process.  Then we prepare our products for use by society.  And, we are members of society with a professional obligation to make our expertise available to the community.  Each of these activities requires communication with others.  We need to share ideas orally, to write clear and effective documents, to explain how our products function, to give formal presentations or speeches.  To do this effectively we need to understand the frame of mind of the listener.  We need to walk in the other person’s shoes.

There are many things we do at Santa Clara University to help you learn to communicate effectively.  In your first year you will study composition and rhetoric in two courses (English 1, and English 2).  These courses will address critical thinking, reading, and writing.  They will help you explore rhetoric in the writing of others and in your own writing.  In your third year you will take the “third writing course”, English 182, which is designed specifically to help engineering students communicate more effectively, and to prepare them for the year-long senior capstone course.  

But communication is not confined to formal courses in English.  You will have the opportunity to communicate in all of your courses in one way or another.  The courses that you take in the humanities will help you learn more about the world, in which you must communicate.  When you get to the senior year the three-term capstone course will require major communication activities including personal communication within your team, oral communication at the Senior Design Conference in May of your senior year, and of course the final written report of your project.

A last point.  It is very likely that you will find that you have the opportunity to communicate voluntarily in a number of ways.  There might be an essay contest, or perhaps someone will ask you to give a talk or run for office.  The first normal reaction that all of us have is that I don’t know enough to do that, I don’t talk well enough, someone else would be much more effective than I.  Okay, that’s probably all true, but now that you have that off your chest, it is time for your second reaction.  And that is to go ahead and do it.  Accept the challenge, and go ahead and do your best.  Perhaps it will be better than you had believed it could be.

Cases

Case 11.1:  You have been assigned the job of designing a small electric heater that is to keep the engine area of a car in a garage warm during cold nights so that the car is easier to start in the morning.  The device should be simple, easy to use, and is to radiate 150 watts in the form of heat.  Design the product.  Your final design is to specify all of the components of the device as it will be sold off the shelf.  Be sure to evaluate your design.  Is this the best design?

Case 11.2:  So, what’s your style?  How do you learn best?  There are some tests on the Internet that can help you learn that.  Before you take one, go back and look at Gardner’s nine intelligences.  Which ones do you think are high for you?  When you have done that try the test at:  

http://www.ldrc.ca/projects/miinventory/index.php
You do not have to log in.   Just enter an arbitrary user number of your choosing,  read down through the page and follow the instructions.  When you take this test try not to anticipate how the question relates to the nine intelligences.  Just sit back, relax, and give your best answers.  

How did you do?  Good – whatever it is.  You may have wondered whether you would get similar scores if you took a different test.  Well, give it a try if you like.  Here is another one.  However, if you do take this test, use the scores from the first one  above to fill out the Survey in the ENGR 1 Angel page.

            http://www.accelerated-learning.net/learning_test.html
Case 11.3:  Learn nine things today using each of the nine intelligences.  They may be things that you learn as a part of your studies, or you may have to create a situation.  For example, ask a friend to explain something.  Pick up a rock and get a sense of its weight roughness, etc.  Make up a little song to help you remember some law or fact.  Write down the style of learning and explain what you learned today using that style.  If it was difficult explain why.

Case 11.4:  Let’s consider some situations that might arise.  What would Bloom and Gardner have to say about them.  In some cases more than one answer might fit. What Bloom Competence and Gardner Intelligence(s) are at work if you:

a. Explain Ohm’s Law to a friend using a blackboard.

b. Take apart a motor to get a feeling for how it is constructed, and the nature of its parts.

c. Try to remember the value of pi to 6 places by trying to see the numbers in your mind.

d. Decide which car to buy by talking it over with a number of friends.

e. Make up and give a speech about why you should be governor.

f. Ask yourself whether you could make a greater contribution to the world as an engineer or in some other profession.

g. Try to determine while blindfolded which is the heaviest of five steel balls of almost the same weight.

Case 11.5:  Here is a thinking problem – one that actually happened.  During the Second World War a B-24 bomber was returning to its airbase without any brakes, that had been shot away in combat.  The emergency landing strip on the small island was too short for stopping the plane without brakes.  One alternative was to abandon the plane and parachute to the ground.  But it was dark and there was a strong possibility of ending up in the shark-infested ocean instead of on the island.  In addition the pilot did not wish to lose the plane.  He had to think fast.  And he had to think “outside of the box”.  What was he to do?

Case 11.6: Write a brief paragraph describing the most meaningful learning experience that you have had.  Explain why it was a good learning experience.  Is there a relation between the nature of that learning experience and the scores you got on the multiple intelligences inventory. 

Case 11.7:  Make up a test problem that makes use of Gauss’s Law.  Then apply Bloom’s Taxonomy to the problem.  That is, state Gauss’s Law, then explain it, then explain how it is applied to solve simple problems, then create a problem, then analyze the problem that you have created, then critique it.  Is it a good problem, is it particularly interesting?

Note that this changes slightly the order of the taxonomy, but that’s ok.  You will just be doing some of the latter steps a little out of order.
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