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PROBLEM SOLVING – A Review of the Elements





"Art by its very nature is not science, and science by its very nature is not art; both these spheres of the mind have something in reserve that is pecu​liar to them and can be explained only in its own terms." . . . (Jung, 1922)
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INTRODUCTION

In 1975, the US Department of Labour commissioned the four volume "SCANS Report" to identify required workplace skills and competencies. Problem solving ability was identified there as a key predictor of success. Most employers and supervi​sors would heartily agree. Within educational pro​grams at all levels, there is a lot of mention of its vital relation to learning. Yet it is difficult to pin down the program that facilitates problem solving skill. Our understandings of problem solving seems somewhat unclear. Problem solving practice is cer​tainly not optimal - whether of the institu​tion, the corporation or the individual. There is a need, a deep need.


"Problem solving activity grew from about 5% of the work load of pro​fessional analytical chemists in 1951 to more than 90% today." (Crummett, 1987)

If we would become more proficient in problem solving, we must better understand the process. If we would teach problem solving, we must better understand the learning. If we would have optimal sol​utions, we must better understand the practice.

This paper first considers what problem solving might be. We review a variety of answers: from classical to off-the-wall. Next we look at how the skill is learned, considering relevant learning theory and how that learning culminates in the skill of experts. Since problem solving clearly touches the creative, we then consider the balance between rationality and intuition, including a remarkable insight into dyslexia. Lastly we review perspectives and practice towards facilitiating problem solving skill.

WHAT IS PROBLEM SOLVING

We begin by examining a cross section of perspectives. We look at some methods, some practice, some disfunction, some common process, and we look at com​puters.

POLYA - Foundations.
A most thorough study is that of G. Polya whose 1945 classic still reads well. Indeed it was the result of his life interest in problem solving. He added his per​spective as a mathematics professor to the wisdom of Plato, Aristotle, Euclid, Pappus, Descartes, Leibnitz and Bolzano. It was Polya that resurrected the phrase "heu​ristic" and redefined it as "the study of the methods and rules of discovery and invention". Others since have reduced this to merely "rules of thumb". His constant use of proverbs suggests the central role of experience. Polya's method has four phases:


1. Understand the problem. "Respice finem - remem​ber the goal". There are two kinds of problem.



a. The first is problems to find, which is the most general situation. The parts are: the unknown, data, and conditions.



b. The second is problems to prove as in philos​ophy, logic, and mathemat​ics. The parts are hypothesis and conclusion.


2. Create a plan of solution. "Diligence is the mother of good luck."


3. Carry out the plan. "Step after step the ladder is ascended." "If you will sail without danger, you must never put to sea."


4. Look back. "He thinks not well that thinks not again." (Polya, 1945)

MANAGEMENT - Decision Making.
There is a large body of work within the business community on problem solving. It relys heavily on linear mathematics and game theory. Most of the work here is very practical. There is no particular interest in human strength or weakness, nor human learning and development. For business, the only difficulty is getting the facts straight. A typical pro​cedure is:


1. Clearly define the problem.


2. List possible alternatives.


3. Identify the possible outcomes.


4. List the payoff or profit of each combination of alternatives and outcomes.


5. Select one of the mathematical decision theory models.


6. Apply the model and make your decision. (Render and Stair, 1982)

LEBOEUF - A Creative View
Less rigorous are the many "creative" approaches. These often arise from areas focusing on human resources rather than technical disciplines. Typical is that of Michael LeBoeuf, whose continuous cycle of creation is:


1. Insight. Recognize a problem. Plant the seed in your mind.


2. Preparation. Research. Investigate. Use all senses. Saturate the situ​ation. Brainstorm.


3. Incubation. Allow subconscious time to work.


4. Illumination. The arrival of an "Aha!" terminates the stage before. Most exhilarating, but sometimes unreli​able.


5. Verification. Refines new material of illumina​tion. Ensures what came together will stay together. (LeBoef, 1987)

We can see similarity here. The principle difference is the conscious procedural decision to access the creative levels of one's consciousness.

SUCCESSFUL SOLVERS

From study of human decision makers including the review of notebooks of distinguished scientists, H.A. Simon notes these qualities of successful practice:


1. Heuristic Search. From large sets of possibility.


2. Hill Climbing. A way to see where to go next.


3. Means-Ends Analysis. Establish delta between pres​ent and goal. Search to reduce delta.


4. Memory Reliance. Experience, knowledge cued by clues. (Simon, 1990)

The influence of computer modelling language is apparent in this. It is a modern problem. Is the computer being modeled on us, or are we being modeled on computers?

WHAT IT ISN'T

An inverse view of the issue comes from a study of poor problem solvers. (Whimbey and Lochead, 1986). They found:


1. Negative Attitude. Either you know or don't. If you don't, then guess. Superficial. Lacks confidence.


2. Miss Facts. Poor observers. Not systematic. Leaps without checking.


3. Weak in Analysis. Misses relationships. Can't break into parts. Loses track. Little prior knowledge. Doesn't check. Doesn't ask if reasonable. 


4. Inaccurate. Sloppy data. No concentration. Too fast. Misses. Doesn't clarify. Doesn't check.


5. Doesn't Visualize.
MACHINE PROBLEM SOLVING.
Allen Newell of Carnegie Mellon University is a pioneer of artificial intelli​gence and so has examined in detail the process of cognition both in machines and humans. He feels that "all cognition involves some form of problem-solving". Together with his students Laird and Rosenbloom, he created a problem solving program called SOAR (State, Operator, And Result). This program has repre​sented state of the art in the field of AI as it has evolved over the years. Initially it was only a store of rules operated on by a problem solving engine, and its perform​ance was at novice levels. But they added some key things which make the program one of the first serious contenders for the adjective "intelli​gent". They made SOAR able to learn and so add to its store of rules and they found a way to handle the states of impasse that regularly occurred in problem solving.

In this it particularly speaks to the problem solving issue at hand regarding people. This may be the same  dividing line between those who can problem solve well, and those who cannot; dealing with impasse, and learning from experi​ence.

SCANS - Job Requirements.
Since the strongest influence is often the job market perspective, we next list the descriptors of individual problem solving ability from the SCANS report:


1. Decides what is vital.


2. Breaks into component parts.


3. Uses analogy. Uses existing skills and knowledge to relate.


4. Tolerates ambiguity. "Plays" with alternatives.


5. Checks solution by another method. (Hodgkinson, 1993)

Among the procedures, this is the best synthesis. Clearly fifty years has not changed things a whole lot. However, a huge dichotomy appears when we take an honest look at the problem solving record of the institutions, com​panies, and individuals we know; and when we examine our own record. The real world doesn't seem so methodical.

BUREAUCRATIC DISFUNCTION


"The man who digs a pit falls into it, the stone comes back on him that rolls it." Proverbs 26:27. Jerusalem Bible.

We speak of these matters as if human beings always took optimal actions. Real world practice is seldom optimum. Sometimes it is quite ineffective. William Haga notes that when organizations recognize a problem but cannot address the cause, they tend to elect any action at all and then make sure everyone complies with the program. The steps of his "Shift-Scheme Response" are:


1. Jawboning. This appeals to group loyalty and under​lines the necess​ity of solving the problem.


2. Getting Tough. This clarifies the necessity. It sets up monitors and guides. It creates pressure to comply with the plan.


3. Lowering the Boom. This makes new solution (bureaucracy) mandatory. (Haga, 1980)

COMMUNICATIONS DISFUNCTION

When the goal becomes forgotten and the means, its own end, people start talking to themselves. The follow​ing gobbledegook is such an example though it purports to clarify decision process.


"Least exception logic (LEL) is a model for default reasoning that decomposes resolution into unifica​tion and solution, and performs the solution as an integer linear program (ILP). The system operates as a nonmonotonic theorem prover where knowledge is stated in the predicate calculus and an ILP makes con​clusions, maintains logical consistency, and orders the multiple extensions such that the exten​sion that includes the least exceptions, in the form of defeated beliefs, is selected. The beliefs that are potentially unsound are disjoined with propositions about their exception." (Post, 1990)

So whatever we might do, whatever we might consider, we need to not take ourselves so seriously as to expect "full compliance with the program." Somehow we function. Somehow we succeed. How then is the goal met in everyday practical terms? What is the native mode?

REAL WORLD - Functional Practice.
Formal methods establish sequences and pro​cedures. It seems clear on reflection and conversation with others, that we don't usually solve problems with disci​plined analysis. Rather, common practice seems to focus on the goal and select steps according to whether things make sense or progress occurs. 


"Don't measure the problem, look at its function in relation to the ideal." (Shin Taguchi, son of Genichi Taguchi, guru of Total Quality Management, from Ashley, 1992).

What we actually do is face the problem and start right in. We use "common sense". We do many things at once. We gather facts as we analyze them. We move onwards only as things fit. We ask, we read, we figure. We gather data to assemble a model - a template - searching not for complete​ness, but for adequacy and correla​tion. Just enough gathering to pro​ceed forward. As Robert Pease says, we unpeel the onion.



"The Onion Syndrome: You peel off one layer, and you cry; you peel off another layer and cry some more..." (Pease, 1989)

But of course when you ask people how they problem solve, they answer as they are condi​tioned to answer, with expected formulae of some method​ology acquired in their particular training. Or they will see their own actions reflected in one of the formal procedures. True per​form​ance is often observed by others not to fit the persons expla​na​tions, or self assessment.

And when you ask how they recognize whether its going well or not, they talk about feelings! They say things like: "It feels good (or bad)". "I'm in a groove (or rut)." "I'm on top of it (or behind it)".

HOW IS PROBLEM SOLVING LEARNED

LEARNING FROM EXPERIENCE

We have arrived now at a double impasse. People seem to fall into two groupings respecting problem solv​ing. First there are those that manage it and appear to do so by an automatic framework fitting skill which is subliminal. These persons possess the native ability to learn from their experiences. They simply are effective problem solvers.

On the other hand there are those that can't manage problem solving largely because they aren't able to learn from their experiences, and because they accept failure so readily.

The first group won't learn because they know already. The second group won't learn because they can't.

Well of course this little foolishness is only a verbal paradox, it isn't the whole picture. In fact it's wrong because it isn't a picture at all.

Like all learning in adulthood, this matter can be suit​ably learned whether formally or informally. It just needs suitable consideration. Since prob​lem solving depends so much on thinking and memory, we next look to these issues to clear the path.

CRITICAL THINKING


"Because we must accommodate to a life of continual and rapid change, most of what we learn is the result of our efforts to solve problems, from the infant's problem of how to get fed to the adult's problem of how to under​stand the meaning of life." (Mezirow, 1990, p5)


"The most significant experiences in adulthood involve critical self-reflection - reassessing the way we have posed problems and reassessing our own orientation to perceiving, knowing, believing, feeling, and acting. (Mezirow, 1990, p13)

These thoughts by Jack Mezirow zero in on the target for us. Problem solving seems related to critical thinking in the way that perseverance is related to discipline, or action is related to decision. Therefore in our quest for more effective problem solving, we should endeavour to develop critical thinking, and to become proponents of critical thinking.


"Critical thinking comprises two interrelated pro​cesses: identifying and challenging assumptions, and imagining and exploring alternative." (Brookfield, 1987, p.229)


"Most significant advances in peoples's ability to think critically arise out of periods of frustration and struggle. (Brookfield, 1987, p234)

Stephen Brookfield considers critical thinking so important that he suggests our democratic society's contin​uance depends upon it. He sees critical thinking as the centre of the best way and the new way of education. It would appear also to be the way to self actualization. He also believes that critical thinking is "rational and emot​ive". It is this holistic quality that so well matches the new under​stand​ing of problem solving that is cohering among these contri​butors.

MEMORY, COGNITION, AND LEARNING STYLE

Sharan Merriam and Rosemary Caffarella review many sources in the chapter on this intriguing subject in their text Learning in Adulthood (1991). They con​sider "how people receive, store, retrieve, transform, and transmit infor​mation" from current key perspectives. These we would examine for insight into problem solving.

Memory Structures.

These are identified as sensory, short-term (primary), and long-term (secondary). Sensory and short-term have very small capacities and brief storage times, but long-term has enor​mous capac​ity and stores data a lifetime. It is of course that enormous capacity where we file our experiences and log the knowing that enables the solving of problems.

The 30 second period of short-term memory suggests the use of logs and notes in problem solving to compensate for the unreliability and fade of memory, and to aid in the imaging of the overall status or big picture.

Research breaks memory function into three aspects: first, encoding or acquisi​tion; second, storage or reten​tion; third, retrieval - as recall (the most difficult) and recog​ni​tion. Two major controls are identified. They are "chunking"  (differentiation) and "automatization" (recall without think​ing). When filed into long-term it gets date-stamped.

Here the observed problem solving mechanisms seem very much to fit the research data. The gathering work on the "knowledge delta" between the novice and the expert, most especially correlates with these descriptions.

The authors point out much of memory research is testing for random numbers, and properly question its validity in respect of adult learning. Surely they are correct. Randomness is noise and human minds respond to pattern. 

Scheme Theory.

"Schemata ... are filled with descrip​tive materials and are seen as the building blocks of the cognitive process. Schemata are not just passive store​houses of experience, however; they are also active processes whose primary function is to 'provide the basis for the assimilation of new information'(Di Vesta 1987)"

In consequence, when presented with the same ideas, adults may leave with different learnings because of what they bring to the learning. It follows that problem solving will have an individual flavour as well. In common practice, it is excep​tionally difficult for people to cooperate in problem solving due partly to such differences in style.

Rumelhart and Norman find three modes of learning that fit the scheme framework: accretion, tuning, and restructuring. This fits very well indeed with the work of Kelly, con​sidered later.


"The general processes of problem solving and critical thinking are good examples of the importance of these constructs. Specifically in most problem-solving situ​ations we are trying to fit new ideas (declarative knowl​edge) and ways of acting (procedural knowledge) into earlier patterns of thinking and doing (our current schemata). If we are unable to change our earlier thought patterns (that is, fine-tune or restructure them), our chances of being able to frame and act on problems from a different perspective is remote if not imposs​ible."(p.171)

The authors conclude by warning of error and loss of focus should we neglect to acknowledge the context of learning and our personal "modes of perceiving, remembering, thinking, and problem solving, and encompass the ways people see and make sense of their world and attend to different parts of their environment." (p.175)

Merriam and Caffarella's work shows how central problem solving is to the very process of memory, the exercise of cognition, and the styles of learning. In this they show that problem solving cannot be isolated if we would understand it, nor made into a formula if we would improve its practice. Rather we must seek to discover its holistic relation to peoples experience.

CONSTRUCTS AND FRAMEWORKS

Coherency and Awareness.
It would seem that sensory input is being logged con​stantly and fitted into memory frames. That this is a constant process is apparent when one considers the feelings of disorientation when after having had our attention dis​tracted we are suddenly brought back to an earlier frame. When this happens we often feel lost.


"There are two ways of getting lost. The first lostness is like getting lost in the city: you know where home is, and you know where you want to go. This is merely confusing and annoying. You can always ask for direc​tions. The second lostness is like getting lost in the wilderness: you don't know where home is, and you don't know where to go. You have lost all references. This is unsettling at the least and ter​rifying at the worst." (Parsons, 1994)

Our normal awareness then, has the task of staying in synchronization with incoming sensory data. Whatever our awareness notices, is apparently logged in the depths forever. From this sensory flood we construct the tem​plates, facts and memories of our lives. In this context, the question of learning is important.


"Learning may be defined as the process of making a new or revised interpre​tation of the meaning of an experi​ence, which guides subsequent understand​ing, appreci​ation, and action. What we perceive and fail to per​ceive, and what we think and fail to think are powerful​ly influ​enced by habits of expectation that constitute our frame of refer​ence, that is, a set of assumptions that structure the way we interpret our experiences. It is not possible to understand the nature of adult learning or educa​tion without tak​ing into account the cardinal role played by these habits in making meaning." (Mezirow, 1990, p1)

Learning may be partly when we construct and modify templates, that is when we make the experience our own. Such a view of process is seen underlying many of the learning philos​ophies, though of course each would apply its own framing language.

Construct Psychology.
Such a psychology was developed in the 50's by George Kelly. His effort was to explore personality from a "perspective of centuries" in order to see the individual in a "unique personal light whose views and actions are import​ant". His psychology explains much of behaviour if little of motiv​ation.


"Man looks at his world through transparent pat​terns or templets which he creates and then attempts to fit over the realities of which the world is composed. The fit is not always very good. Yet without such pat​terns, the world appears to be such an undifferentiated homogeneity that man is unable to make any sense out of it. Even a poor fit is more helpful to him than nothing at all. Let us give the name con​structs to these patterns that are tentatively tried on for size. They are ways of constru​ing the world.  ... In general man seeks to improve his con​structs by increasing his repertory, by altering them to pro​vide better fits, and by subsuming them with superordinate con​structs or systems. In seeking improve​ment he is repeatedly halted by the dam​age to the system that apparently will result from the alter​ation of a subordi​nate construct. Frequently his personal invest​ment in the larger sys​tem, or his personal dependence upon it, is so great that he will forego the adoption of a more precise construct in the sub​structure. It may take a major act of psychotherapy or experience to get him to adjust his construction system to the point where the new and more precise con​struct can be incorpor​ated."
 (Kelly, 1963. p.9)

Kelly's model is most useful then in attempting to under​stand problem solving. The process of fitting tem​plates also connects with studies that have tried to discover the difference between and the development of novices and experts.

Communication Frames.
Communication forms another framework. Problem solv​ing surely depends not only upon individual insight but upon communication skills between persons. Communica​tion is a shared framework of implicit and explicit meanings where


"more or less adequate understanding is achieved, but within which communica​tion is impoverished or dis​torted to an extent, and in ways that are not always apparent." (Ryle, 1975)

We are forced of necessity to function in a world of compro​mise and inexactitude. Partly, this is due to the fact that words are not the only substance of thought.


"In some cases, it seems that the greater the fluency with nonverbal thought, the greater the dysfluency of verbal communication. ... Perhaps if there were a greater awareness of this paradoxical tendency, we could begin to look past verbal dysfluency - or even fluency - to measure the true value of the ideas that lie behind. Perhaps more important still, we might also learn to see some of the real power of nonverbal modes of thought, however difficult they may be to communicate in words." (West, 1991. p.184)

NOVICE AND EXPERT DIFFERENCES

Patricia Benner has made a significant contribution to the nursing pro​fession with her work on holistic care and her identification of the levels of nursing expertise. Her work was based on the Dreyfus studies of chess players and aircraft pilots, where it was identified that top human performance is done not by "thinking" but by "paradigm fitting" of past experience. Benner confirmed that indeed the difference between the novice and the expert is experience. This is no simple truism, but rather the recognition of a most sophisticated process of development of internal frameworks and dialogue. These form the following distinct levels of competence:


1. Level I: Novice. The beginner has no experience and is taught rules in the form of objective "attributes" to guide their action. They cannot recognize relevancy or exception.


2. Level II: Advanced Beginner. Able to demonstrate marginal perform​ance. Beginning to recognize "aspects" of recurrent situations. Tends to give equal weight to attributes and aspects. Unable to set prior​ities.


3. Level III: Competent. More organized. Sees long range goals. This takes 2-3 years. Copes and manages contingencies. Slow and inflexible.


4. Level IV: Proficient. Has holistic understand​ing. Guided by maxims, but aware of their con​tradic​tions. Flexible. Homes in on core of problems. Recognizes when normal is miss​ing. Give them rules and they'll retort with exceptions.


5. Level V: Expert. No longer relies on analytical principles. Has intuitive grasp. Effective and effi​cient at problem solving. Can't explain how very well, except by narratives. Uses analytical methods in new or unexpected situations, or when things go wrong. Speaks from the heart and with personal experience when coaching or counselling. (Benner, 1982)

Expert Patterns.
Patterns in thinking by experts compared to novices according to Robert Glaser include using information in "chunks", using intuition and qualitative reasoning before quantitative, and developing a mental image or model for testing congruity of process. The expert is a specialist. Experts perceive patterns. Experts are effi​cient. Experts are goal oriented. Experts self-regulate. Experts focus.

In considering "ill-structured problems", experts behave more like novices but with more efficient selec​tion of method, constraint and hypothesis. They tend to use anal​ogy a lot, or reasoning by extreme case. These heuristics have the purpose of transforming the ill-structured problem to a more familiar problem where their expert domain of knowledge can be used. (Glaser, 1990)

What makes an expert fireman?
In a study of firemen, G.A. Klein found ten qualities of an expert compared to the rookie: mastery of pro​cedures, notices details, possesses relevant facts, knows how team members react, visualizes the whole, sees pat​terns, has required physical skills, sets appro​priate goals, knows preced​ents, and has appropriate cultural knowledge. (Klein, 1990)

Chess Experts.
An important lesson in how humans think best is found in the study of how chess masters and novices think.


1. It appears that the master has a strong visualiz​ation capabil​ity.


2. The master thinks in patterns not steps.


3. "He literally does not see bad moves when he looks at a chess situation - no more than chess ama​teurs see illegal moves when they look at a chess situ​ation . . . This might be called implicit prun​ing of the giant branch​ing tree of possibilities. By con​trast, explicit pruning would involve thinking of a move, and after superficial examination, deciding not to pursue examining it any fur​ther." (Hofstedter, 1980, p 286)

Expert in a Bottle.
A considerable amount of work has been done to dis​cover what makes human expert​ise by those in the field of artificial intelligence. In their quest to make computers into "Expert Machines" they have been humbled and chal​lenged by the task.


"The notion of an expert in a bottle is disappear​ing; it takes too long to get it in the bottle, and import​ant aspects won't fit the bottle. In addition the "knowledge delta" between expert and general knowledge is an extensive foundation of knowledge and experi​ence." (Klein, 1990)

In observing these qualities of experts, we begin to see how the task of training might be better met. It is these qualities that constitute their learning. If we would acquire expertise, we need to learn the expert's perspec​tive and practice the experts approach. If we would teach expertise, we should be conscious of the levels of expert​ise and nurture the practice and perceptions of those that would learn.

INTUITIVE AND RATIONAL BALANCE

Since most of our perception is polarized into an endless parade of complimentary issues, it is not unexpected that one of the most successful of brain models today is the left/right hemisphere model of Nobel winner R.W. Sperry. This intu​ition-rational​ity continuum is surely a most intriguing model of human thinking.

As we further investigate the matter of human habit and human capacity respecting problem solving, it is useful to examine the model from each perspective, before examining their integration.

THE VERBAL LEFT BRAIN 

Rational Words.
So what are words about? And math? And science? They are the vehicle of our journey from simple creaturehood. For millions of years our perceptions were focused on the present, and our world a marvellous chaos, like it is for animals. With language came subtlety, tribal memory, and ultimately, civiliza​tion. From sensory images of the world came the mythologies, and possibly the archetypical images of the universal unconscious. (Campbell, 1972) Ulti​mate​ly religion and science, which are alike in that each expects reality to function on the principle of cause and effect. These replaced notions of chaos. (Fraser, 1922). Our race can only solve problems because we believe that there can be a solution. We are a race that do not accept things as they are! In these early times the visual and the verbal were very much together. But civilization became so dependent on conver​sa​tion and books, we divorced vision from words, and made the Word holy.


"In the beginning was the Word: the Word was with God and the Word was God." John 1:1 (Jerusalem Bible).

The substance of thought.

We commonly think we think in words. But it is not so certain. What is certain is that the words and formulas we use to describe the world and our experi​ences, tend to be a modelling of that experience. We strive to bring it to an essence. And what is this except another framework? The patterns of speech evoke patterns of memory. Even the physics by which we under​stand the universe is but another modelling language.

Tacit Knowledge.
The philosopher Michael Polanyi's contributed the idea of tacit knowl​edge to the field of cognition. That is the recognition that knowledge is knowing and doing inseparably joined. In pointing out the paradox of problem solving, his thoughts begin our bridge building between words and intu​ition. For paradox unsettles the comfort of the left brain.


"It is a commonplace that all research must start from a problem. Research can be suc​cessful only if the problem is good; it can be original only if the prob​lem is original. But how can one see a problem, any problem, let alone a good and original problem? For to see a problem is to see something that is hidden. It is to have an intimation of the coher​ence of hitherto not comprehended par​ticulars. The problem is good if this intima​tion is true; it is original if no one else can see the possibilities of the comprehen​sion that we are anticipating. To see a problem that will lead to a great discovery is not just to see something hidden, but to see something of which the rest of humanity cannot have even an inkling. All this is commonplace; we take it for granted, without noticing the clash of self-contradic​tion entailed in it. Yet Plato has pointed out this contradiction in the Meno. He says that to search for the solution of a problem is an absurdity; for either you know what you are looking for, and then there is no problem; or you do not know what you are looking for, and then you cannot expect to find anything. ... So we are faced with the fact that, for two thousand years and more, humanity has prog​ressed through the efforts of people solving difficult problems, while all the time it could be shown that to do this was either meaningless or impossible." (Polanyi, 1966, p.21-22)

THE VISUAL RIGHT BRAIN

As a professor of history and a curator of technology, Eugene Ferguson observes that in early history, society's artists and sculptors were also the technol​ogists. That is because both disciplines require visual imaging. Modern society has removed visual training from the training of engineers at a high price. He speaks of the need to restore this training in non-verbal thought.


"Much of the creative thought of the designers of our technological world is non-verbal, not easily reduc​ible to words; its language is an object or a picture or a visual image in the mind. ... This intellec​tual compo​nent of technology, which is nonliterary and nonscientific, has been generally unnoticed because its origins lie in art and not in science." (Ferguson, 1977)

Dyslexia and gifted visual perception.
Thomas West has developed a fascinating thesis respecting a relationship between genius, gifted people and learning disability, especially dyslexia. That those with learning disability often have special abilities in right brain areas. That their frequent success stems not from compen​sating effort, but because of the very brain development that also displays dyslexia. From current neurol​ogical evidence and real biogra​phy, he gathers the argument. In the process, we see that the visual side is the intuitive source of new ideas, and that the secret of success is found in dia​logue between hemi​spheres.


"there is evidence for two very different but com​plementary modes of thought, each generally associ​ated with one of the hemispheres of the brain. We are more interested in the interplay between these two modes of thought than we are in their exclusive physical domains." (West, 1991, p.14)


"One might see visual thinking, spacial ability, pattern recognition, problem solving, and related forms of creativity as linked together in a con​tinu​um." (West, 1991, p.21)

That the lives of Faraday, Maxwell, Einstein, Dodgson, Poincaré, Edison, Tesla, da Vinci, Churchill, Patton and Yeats, were all touched with genius is known. That they experienced learning difficulties is a surprise. Their ability to solve the problem of Plato's paradox may well have been because their natural brain process was visual and intuitive. The fact that most of them couldn't spell might give today's visually oriented generation that also cannot spell some comfort that nature's compensation opens wider the door of creativity.

If West's thesis is correct, that learning difficulty is a sign of exceptional potential rather than a sign of limitation, we need to examine our theories of learning yet again.

K.R. Hammond observes that we alternate between pattern seeking or functional-relation seeking cognition, rather than use one method. This review of the research finds "an asymmetrical transla​tion between patterns and func​tions", meaning data can be imaged more easily than images can be pat​terned. (Hammond, 1988)

Is visual process really a picture?
We use the concept "image" too constantly and glibly in respect to intu​ition. On close examination this is false. Our visual sense is the strongest, and has come to domi​nate our way of thinking. We use the term "image" more out of habit than suitability. More accurately, intuition operates on sensory memory and in sensory structures.

Our memories are of sight, sound, smell, touch, taste. These are the "sensory images" that are evoked. These are the building blocks of the right brain. When we add the emotions and spiritual qualities of the right brain to these we have rather a complete "picture". This is the stuff then of dreams, of intuition, of the creative muse.

Mozart structured his music completely in his mind before writing it down. Expert chess is played by recall​ing past game patterns. Flying a plane or playing tennis is fit​ting the present situation to the past patterns of our multi-sensory memory.

Problem solving then, is discovering error in the patterns and remedy in the form of insight. It is an intensely creative process.

CREATIVITY

A relationship is frequently noted between problem solv​ing and creativity. One speaks of the intuitive qualities in a good troubleshooter. One often says a good solution is creative.

When creativity is added to problem solving method, we discover an inter​esting thing. Although the methods now have little semblance to each other, they all embody a balance of analytical and intuitive method. Surely this is in a correct direction.


"Solving technical problems creatively involves both detailed analysis and conceptualization. While engin​eering education has done a good job of teaching engineers how to use the tools of analysis, it has provided little or no training in the mechanics of forming and manipulating concepts." (Dick, 1985)

Considerable hard work is needed before one can lay back and let the unconscious direct our creative solution. Our rational side must provide the necessary data and atten​tion for the intuitional side to deliver. Bright ideas without such hard work are generally ineffective and inappropriate.

Letting go of the problem allows it to 'stew' in the subconscious where new ideas and relationships can be formed." It also clears the mind and regains alert​ness. Usually, solutions appear as aha!'s.

Roger Van Oech, a writer in the creative field, suggests our natural creativity is "locked" by ten inhibiting beliefs, and to step out of this familiar world we need a shock or blow to our consciousness. (Van Oech, 1983)


"Enlightenment always comes after the road of thinking is blocked."



(Mumon, 13th century Zen monk).

FACILITATION OF PROBLEM SOLVING


"Troubleshooting is a skill that can be taught and improved on. The investment in education will be more than repaid by the results." (Cochran, 1987)

Problem solving would appear to be an intuitive framing process that is expressed in words and action with some difficulty. Enhancing the process then will centre on ways to learn from others and subjecting to constant practice.

Transport Canada in a superb monograph directed to flight training instructors, discuss the decision process as being a cycle of choosing, doing, and evaluating options. 
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This cycle is influenced by these fac​tors: knowledge, situational awareness, skill, experience and training, reasoning, risk assessment, stress, and atti​tude. (Trans​port Canada, 1992)

Over many years, aviation has focused on developing practices of safety. The indirect benefit has been excep​tionally high quality, both in the mechanical and in the human aspects of the industry. The primary process of this learning is one-on-one instruc​tion where "tradition" is passed on to the next generation. This is true of pilot training as well as engineer train​ing. But most character​istic of all, this tradition is one of learning from mistakes and of consider​able practice.

PRACTICE PRACTICE PRACTICE

To learn to process information as experts do, Robert Glaser says:


1. "practice, practice, practice!" "An organized sequence of increasingly complex pattern recognition tasks that provides guidance on procedures may help." 


2. "self-monitoring should be emphasized in instruc​tion . . . students learn to focus on critical deci​sions and actions that monitor their solutions pro​cedures."


3. "Thought should be driven by a detailed model, a theory, or a principle that guides performance by constraining it. Such knowledge permits self-assess​ment in problem solving, graceful recovery from error, and the seizing of opportunities for more elegant and precise solution and dis​covery."


4. "Expertise then becomes more than a matter of sheer efficiency, expert knowledge becomes an object for questioning, interrogating, and learning from experi​ence, as it is reorganized to enable new thought and action." (Glaser, 1990)

Clearly experience takes time. But that time needs be put to good use. It would not appear that one can become a proficient troubleshooter by remaining some distance from the world. Trouble shooting is a hands on situation.


"The intuition which is required for knowing when it makes sense to blur distinctions, to try redescription, to backtrack, to shift levels, and so forth, is some​thing which probably comes only with much experience in thought in general." (Hofstedter, 1980, p. 661)

BUSINESS TRENDS

The single trend of most significance in adult education must certainly be the growing awareness of the business community that life long learning is a key mission for them. It appears that business spends more on training than the combined expenditure of all universities and colleges in the USA. (Verduin, Miller and Greer, 1986). Peter Senge is the current business guru, and his message to the "learning organization" is "you never arrive; you spend your life master​ing disci​plines." (Senge, 1990).

Senge says we need to change our business structures until all organizations become "learning organizations". The principle reason why we don't learn from experience is because we don't see the consequence of what we do. He proposes models of completion, of solving the problems of business by reconnecting the natural cycles of human activity. Solving problems to Senge is a holistic reconnection in the best of Zen tradition.

SHARING STORIES

Klein confirms that expertise is contained in narra​tive, and suggests a balance of story and principles in train​ing.


"Lessons learned are best transmitted through stories. ... Often the best lessons learned come from interest​ing failures that should not be repeated. ... Corpor​ate memory is defined as the lessons learned from concrete on-the-job problem solving and decision making. ... Chi et al, have shown that trainees want to use examples, but do not always benefit from the examples if they don't have guidelines for their use, or if they lack experience to know how to select or modify the examples. This is a problem with using analogues and stories. Such materials may need to be supple​mented with abstract principles to drive home the point of the story, and to help the trainee appreciate what is relevant. That is why Consumer Reports frames its stories with the abstract dimen​sions of the product evaluations."

When people join in conversation, they don't give each other rules and morals, they share the story - complete with humour and excitement. There may be a rule or moral attached to it, but it comes together, and will be remem​bered together.

Another lesson from this knowledge of stories and narra​tive, is that one can consciously monitor events with story telling in mind. Rather than look for "bottom lines", look for wholes. Practice and teach the habit of living to gain stories to share. Stories gather all the important facts together, in a handy framework. It is the natural mode.

SELF DIRECTED LEARNING


"Knowledge and understanding develop in rela​tion to problems set by action." (Gandhi, 1951)

Problem solving remains principally a personal skill. Most people are on their own to develop their skill. The same difficulties that individuals experience in the self-directed learning projects, are those same difficulties that would describe the limits of their problem solving ability.

Here is a synthesis of SDL problems observed by contri​butors in the field (Tough, 1979, 1982; Knowles, 1975; Brookfield, 1985; Hiemstra, 1985):


1. Uncertainties of direction in planning.


2. Finding appropriate materials and resources


3. Obtaining assistance from experts, especially in difficult phases of project.


4. Setting out of goals. Getting Started.


5. Scheduling difficulties. Time management skills.


6. Evaluating progress. Knowing when goal is achieved.


7. The need for problem solving skills.

These considerations then need to be addressed in the structures of formal adult education situations. In that way individuals will better cope with things on their own. It would be like periodic visits to the well of knowledge. Such are not separate agenda, but aspects of a whole. An outlook. A process. Life!

MAPPING.
Mapping offers us a most useful metaphor to synthesize these ideas.

Maps are a wonderful thing. They are a visual image representing the real world. An abbreviation. A condensa​tion. An ordering of the chaos of figures and descriptions into clear patterns.

Information is layered and layered and layered again. Seeking the data is a matter of searching for a pattern. Information is displayed in visual relation​ship each to each. New patterns arise themselves.

As one ascends from low country to the high country, maps facilitate the journey as no amount of words could ever do. And most intriguingly, if someone gives you a map, you can journey some​where you haven't been before.

Facilitating the learning of problem solving and troubleshooting, should then be a matter of mapping our life journeys, and sharing the stories of our journeys to the hinterland.


"When people learn continuously from their experi​ence, they frame and reframe the situations they encounter and use their judgement to name what they see. They review alternative solutions in light of their under​standing of the context itself: for example, the people involved, expected ways of acting, anticipated resources or anticipated impact. Once a solution is selected, the person learns as he/she tries it out, and assesses both the intended and unintended conse​quences in order to move on to another planning stage. The result is a potentially continu​ous, upward spiral of learn​ing." (Watkins & Marsick, 1992)
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