Chapter VII

Associative Networks
Psychology of Learning with Applications

Introduction

Recall that an associative network, a.k.a. mind map, consists of a network of interrelated ideas in the brain.  The Glass/Holyoak example is that associated with the word “cat.”  When adults in the English-speaking world hear the word “cat”, many ideas are activated subconsciously in the minds of most in the English-speaking world: how the word cat is spelled, how cat fur feels, words like dog and litter box, specific cats we have known, lion/tiger/panther, and so on.  How cognitive psychologists test for such activation is a matter for a cognitive psychology course, though the experiments are simple.   

For the cognitive psychologist, the term associative network is synonymous with meaning, concept, and understanding.  This definition should be useful (and perhaps enlightening) for those who have called for meaning, concept development, and understanding as goals in education.  Many calls for these goals have been accompanied by scorn for learning the information upon which the mind constructs meaning.  

What should be clear, then, is that the concept of “cat” relies on information and the learner’s ability to recall that information, first.  Also needed are the connections between related bits of information.  These associations allow for the subconscious activation of the entire network of that information when the concept is activated, by written or spoken word, or sight of a cat.  Ideas like sentence, a living cell, a fraction, and government should also activate a vast network in the mind of the educated student.  

Example: The Fraction Network 

How vast, for example, is the associative network, or concept, in the educated student that is related to fraction?  Here is a partial list.    

Concept (Meaning) of a Fraction

1.  Numerator tells how many; denominator tells what kind

2.  Four meanings of a fraction


a)  fractional part of a whole
b)  fractional part of a group


c)  ratio



d)  division

3.  Forms:  3 ( 7 means 3/7 means 
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     Common: proper, improper, mixed-number; decimal; mixed forms;

     per cent; complex;   

4.  Unit fraction: numerator = 1

5.  Speed is fraction with denominator of time (connect to slope and independent variable)

6.  Dimensional analysis: conversion fractions = 1

7.  Weight per unit volume: do the division so that denominator = 1

8.  Per cent is fraction with denominator of 100

9.  Variation: direct, inverse, joint; rate of work; 


hen-and-a-half lays an egg-and-a-half in a day-and-a-half

10.  Proportion is the equality of two ratios.


Flip, Switch, Dial, Cross-multiply

11.  Calculator:  how to enter  
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 into a calculator correctly.

12.  Relationship between changes in fraction value and value of 

numerator or denominator:

· If numerator increases with denominator constant or decreasing, fraction’s value increases.  
· If denominator’s value increases with numerator constant or decreasing, fraction’s value decreases.  
· If both numerator and denominator increase (or both decrease), no one can tell how new value compares without precise information.  

13.  Negative exponent, including scientific notation.
14.  Operations: 
· addition and subtraction: facilitated by vertical form, and common denominators but not by improper fractions unless necessary.
· multiplication and division: facilitated by horizontal form, and by improper fractions but not by common denominators.  

15.  Higher and lower terms: inserting or removing common factors.

16.  Algebra: rational expressions, simplification and operation; 

rational equations and inequalities.

17.  Gearshifting cross multiplication (over = sign; result: equation)


with fraction multiplication (over × sign; result: fraction)

Building the Fraction Concept

How can a student possibly absorb all of these pieces of information and associate them together?  Several ideas are suggested by principles of cognition, including proximity and generalization/discrimination.

1.  Where conversion between forms, gearshifting, and other links can be deliberately practiced, practice should occur briefly on a daily basis for weeks.  This includes converting between common fractions, decimal fractions and per cent; and between decimal fractions and scientific notation.  
2.  Performing operations and solving proportions should be performed in close proximity daily, as cross-multiplication of proportions is easily confused with multiplication and division of fractions.   
3.  When possible, visual schemas should be provided.  An example is the chart of varieties of reducing issues.  Visual representations of decimals and per cents are also recommended.

4.  Most of the rest of the objectives are worthy of review in daily assignments, with levels of complexity and difficulty increasing as the school year progresses.  When objective 16 is encountered, the fraction associative network will be a critical foundation for generalization to algebra.

5.  Application contexts should be provided.  With the advent of the electronic keyboard, schools may now have required group piano lessons, where fractions are symbolized in a new way and translated into finger movements -- intense processing.  Unlike absolute measures, angle measures in degrees are ratios with denominators of 360, and this aspect of angle measure should be emphasized to students.  

Rulers, money, and sports statistics provide other practical fraction applications.  In the case of sports statistics, complex questions arise:  “If a team with a .680 winning percentage for the season so far wins two of the next three, will the season percentage go up or down?      
Importance of Associative Networks I

The argument was initiated in Chapter I, and is offered again here, that the associative network may be the most critical objective of those proposed in this work.  The associative network depends on all of the previous objectives -- initial learning via distributed exposure and varied representations, recall via review, association, and stress, and applications, with generous practice in generalizing and discriminating.  
The associative network enables enough new learning and practical applications in science, business, engineering, and medicine to justify the needed practice.  The associative network also enables top performance on standardized exams, including college board exams and interscholastic competitions.
Where is the evidence?  Evidence will be supplied shortly to satisfy the three kinds of criteria: background psychology, classroom research, and teacher testimony.  
Example: The Verb Network
In a similar fashion, the concept of verb begins with knowing a wide variety of verbs.  Eat, drink, crawl, come, go, and walk will be among the earliest and most significant of action to most children, because the child will hear these spoken in close proximity to his or her action, and association will be relatively easy for initial learning and recall.  
The verb is may be tougher, but will be helped by objects: “This is blue.”  “This is blue.”  “This is red.”  “This is cold.”  “This is cold also.”  The verb phrase in “I am being helped by better diet” will take some work.  
Building the Verb Network

The associative network around verb will be strengthened in and out of school by conversation, reading, and writing.  Support will also come in the classroom from generalization and discrimination exercises in grammar.  Verbs will be generalized as alike and distinguished from other parts of speech.  Verbs can be generalized as revealing action, condition, and state of being.  Verbs will be distinguished from each other by the action/condition/state-of-being criteria, and by tense, conjugation, and singular/plural forms.  
Note that it is senseless to explain the three categories of what verbs reveal, or other generalization/discrimination issues, until the child has used verbs correctly for some time.  Meanwhile, the student will over-generalize by attempting to use gots instead of has even if gots is not spoken in the environment, because gots is a logical extension of “I try, and he tries”, and then, “I’ve got the small postcard, and he ____ the other postcard.”  Parents and teachers need to recognize this error (inwardly) as normal reasoning skills, but the error needs to be corrected as soon as it is first heard.        
Textbook sets  

Figure 7- Shows two consecutive lessons of a pre-algebra textbook.  The reader is invited to do what a professor of cognitive psychologist did when given the chance to examine a textbook written by the same author and with the same design as what follows.  The professor did not bother with how the lesson was taught.  He looked carefully at the mixture of new and review exercises in the first assignment.  He then turned to the next assignment and studied those exercises.  He closed the book and said, “Perfect.”
Seventeen of the thirty numbered exercises are related to fractions.  The variety mirrors much of what is listed above in Figure 7- .  The variety is repeated in the next day’s exercise.  The individual objectives are reactivated and made more complete each day.  

Principles of cognition that have been embodied here, and not in standard drill sets, are these:

· Acknowledgement of first-draft status of new lesson: only five scattered exercises, a and b and three others pertain to the new lesson.
· Distributed practice on each objective. 

· Gearshifting of potentially-confusing varieties such as volume and surface area

Principles of cognition support these assertions: 

· Given the proximity of the fraction objectives to each other, the chances of the objectives forming an associative network are optimized.  

· Students will recall objectives better.  

· The associative network will enable students to learn new fraction-related objectives more easily and recall them by association.
· Learning and understanding science will be easier.  
· New questions on standardized exams, and non-standard problem-solving, will be easier.
The same applies to other objectives: word problems, measurement, algebra, integers, ratio and proportion, etc.

Textbook Sets

	
	Assignment 83
	Assignment 84

	a.
	Integer addition
	Per cent of increase

	b.
	Integer addition
	Per cent of increase

	1.
	Ratio word problem
	Per cent of increase

	2.
	Fractional part word problem
	Ratio word problem

	3.
	Distance-rate-time word problem
	Fractional part word problem

	4.
	Multiplication word problem
	Distance-rate-time word problem

	5.
	Graphing inequality
	Graphing inequality

	6.
	Graphing inequality
	Graphing inequality

	7.
	Sentence per cent exercise: percentage?
	Sentence per cent exercise: percentage?

	8.
	Per cent exercise from diagram
	Sentence per cent exercise: percentage?

	9.
	Sentence per cent exercise: %? 
	Fractional part of number

	10.
	Fraction-decimal-percent forms
	Scientific notation form change

	11.
	Scientific notation form change
	Lowest common multiple

	12.
	Fractional part of number
	Scientific notation operation

	13.
	Volume
	Volume

	14.
	Surface
	Volume and surface area

	15.
	Scientific notation operation
	Two-step equation

	16.
	Lowest common multiple
	Equation; mixed numbers

	17.
	Complex fraction proportion in mixed numbers
	Complex fraction proportion in mixed numbers

	18.
	Complex fraction proportion in common fractions
	Complex fraction proportion in common fractions

	19.
	Equation; mixed numbers
	Simplify numerical expression

	20.
	Simplify numerical expression
	Integer multiplications (3)

	21.
	Integer multiplications (3)
	Integer division (3)

	22.
	Integer division (3)
	Integer addition

	23.
	Integer addition
	Integer addition

	24.
	Integer addition
	Decimal multiplication

	25.
	Integer addition
	Decimal division

	26.
	Decimal multiplication
	Mixed number order of operations

	27.
	Mixed number order of operations
	Order of operations w/ parentheses

	28.
	Mixed number order of operations w/ parentheses
	Scientific notation form change

	29.
	Decimal rounding; repetend
	Decimal rounding; repetend

	30.
	Algebra substitution, order of operations
	Algebra substitution, order of operations


Figure 

Associative Networks & Practice Structure

Example:  The Algebra Simplification Network

The power of algebra lies in part in its efficient symbolism.  Learning how the symbols are used is hampered by this efficient symbolism.  Among the stages and facts that must be learned are these:

· Distinctions between constant numbers (whole numbers, integers, or fractions written with digits) and variables (alphabet letters).
· What a term is, and how terms are separated from other terms (generalization and discrimination again).

· Coefficients (usually constants) that count addends, like 3 in 
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· Exponents (usually constants) that count factors, like 2 in 
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Coefficients are multipliers that count addends, and for that reason the 3 in 
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counts the 2x addends three times as well as counting the z addend three times.  Thus we have  
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.  This is familiarly known as the distributive property of multiplication over addition.  
The same applies to exponents, but over multiplication.

Exponents are not multipliers, but counters of multipliers, and for that reason the 4 in 
[image: image7.wmf]24

3(2)

xz

counts the 2 multiplier four times, the 
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 multiplier four times, and the z multiplier four times.  Thus we have
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This is familiarly known as the distributive property of exponentiation over multiplication.

The similarities between these situations invites overgeneralization.  In the third line below is seen the common error that frustrates teacher and student.  

2(x + 3y) = 2x + 6y  -- correct
(2x4y2)3 = 8x12y6  -- correct
(x + z)2 = ?      x2 + z2 is NOT correct
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Figure 7-

Building the Algebra Simplification Network

Unless these three situations are practiced in close proximity on a daily basis for a considerable period of time, generalization will not be restrained.  When these are practiced side-by-side daily for weeks, student attention will be directed to points of generalization and discrimination --  students will learn what to look for and how to respond.  Understanding in the form of a correctly structured associative network will be established.  The associative network will enable easier learning to discriminate between similar, potentially-confusing situations involving subtraction, division, and square roots.
The situation of confusion shown in Figure 7- above is obvious to every teacher of algebra.  What is less obvious is even more prevalent error patterns of very basic simplification and understanding.  Examples follow.  One seldom finds these examples together in even the best of algebra textbooks.  Many would argue that in the real world of application of algebra to computer programming, science, business, and engineering, once seldom sees examples such as these.  When asked if algebra students should be able to successfully complete sets such the one below, however, algebra teachers universally agree that students should indeed be able to do such simplification.   

	1.
	a + a + a =
	2.
	a ( a ( a =



	3.
	a2 + a2 + a2 + a2 =
	4.
	a2 ( a2 ( a2 =



	5.
	a2(a3) = 


	6.
	2a(3a) =

	7.
	5a2(3a4 =


	8.
	2a2 + 3a2 =

	9.
	2a2 + 3a =


	10.
	(a2 + a2 + a2)3 =

	11.


	a2(a2 + a2) = 
	12.
	(a(a)(a + a)(a + a + a) =

	13.
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Figure 7-

The reason why students can’t discriminate between examples in these mixtures is that they have no understanding, no associative network.  Understanding has been attempted through group work and discussions, “whys-before-hows” strategies, use of calculators, and so on.  No practice has been provided to help students learn generalizations and similarities, discrimination and distinctions, and priorities.  Students have been given isolated exercises in Thorndike’s “teachable” sortings.  Meaning will be blurred by overgeneralization, by overuse of habits, as with the Stroop Effect.

The approach that is in keeping with principles of cognition will not only provide gearshifting practice, it will tie the combining (addition) of similar terms meaningfully with the principle of adding like kinds.  This principle applies to addition of whole numbers, fractions, decimals, and denominate numbers.   
As such basic ideas of algebra can be generalized from arithmetic, one might argue that a good arithmetic background will allow students to induce the rules needed for such simplification as those given in Figure 7-.  But the attention capacities of students are as limited as anyone else’s, and students should be able to do simplification with enough automaticity to leave much attention capacity available for other matters. 
Eighty percent of questions in calculus are about the algebra involved, not the calculus.  Most questions in algebra pertain to basic simplification confusion, such as that experienced by students in traditional programs when first working through a mixed set such as that in Figure 7-
Importance of Associative Networks II

The need for associative networks for understanding of topics at hand, and for assimilating new material, is as profound in mathematics in general and algebra in particular as in any other discipline.  In no other discipline has the opportunity to build associative networks been left quite so begging, and have efforts to correct the situation been fought so vigorously. 

Example: The Complement Network

The need for (and the power derived from) an associative network is further illustrated by the concept of complement, meaning to complete --  not to be confused with compliment, meaning to praise (and more). 
In science, two complementary colors complete one another to make white, if light, or to make black, if pigment.  An associative network is needed just to make that distinction.  

But the students moves on to mathematics, where the term complement is used in the discussion of set relationships and again in the discussion of angles.  


Complementary sets have nothing in common, but, when combined, comprise everything under consideration (the Universal Set).  The set of vowels 
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is the complement of the set consisting of the other 21 letters.  


Two angles are complementary to one another if the sum of their measures is 90˚.  An alternate definition is this: two angles are complementary to each other if placing them adjacent to each other causes the unshared rays to form a right angle.    
The concept of complementation also suggests the opposite relationship in grammar, at least two aspects of sexual reproduction in biology, the relationship of matter and anti-matter, and inverses in some mathematics operations.  Other ideas exist outside of academic endeavors.  Complementation should NOT suggest anything about brain hemispheres.  That myth with be attacked in a later chapter.    

Building the Life Development Concept

The concept of cat, and the more general concept of animal, will also be developed by a project suggested by principles of learning and by the book, Sharp Ears the Baby Whale.  Sharp Ears’ story was told in narrative fashion in several chapters from birth to adulthood.  Anthromorphism (putting clothes on animals and English words in their mouths) was absent.  Facts and figures about whale development were given.  Once chapter featured an attack by a giant squid.  The social nature of whales was included.  The book helped students learn science in memorable story format, with interest generated by a particular individual with a name.  A teacher could invite comparisons with human development, furthering student processing of information and understanding of life.         

A similar book-writing project could be undertaken by a class on another familiar animal.  The first effort might be on a very familiar animal.  The cat is suggested here.  The chart in Figure 7-  is designed to help 
	Ages


	All
	Kitten 0-5 months
	Juvenile independent
	Mature
	Aged

	Physical characteristics
	claws;

walk on their toes;

round eyes; purring from hard bones at base of tongue
	almost fully-developed brain at birth


	stay with mother until 2 years old


	
	

	Sensory


	Whiskers for touch; nose sensitive; long tails help balance
	blind until 9 days old; learn quickly


	
	
	

	Physical needs
	
	milk, cleanliness 
	food, water, clean shelter, affection, protection from contagious disease 

	Behavioral


	sleep in the day; play is essential; rolling on back shows affection; intelligent
	sleep in tight spaces; play is very essential
	
	Only the mama parents


	

	Social


	rub heads for peace; 60 different calls; vowel is question
	huddle for warmth
	
	
	

	Reproductive
	
	Four kittens per litter
	
	
	

	Relation to humans
	companionship 
control pests


Figure 7-
students consider various aspects of a higher animal’s life and how age affects these aspects.  

The class project might involve two kittens from the same litter, one male and one female.  The kittens should be named by the class.  Anthromorphism should be absent.
Sources of material for the project should include encyclopedias, veterinarians, books on cats, the Internet, and personal stories from class members and their families, other relatives, and neighbors.  The stories within the history of the two cats can incorporate the stories that have been collected.  As with Sharp Ears, details of the cats’ growth and lives should be complete and accurate, including separation to different homes and visits to the veterinarian.     
Building the Properties Network
Ideas can be described as classifications and relationships as was noted in Chapter III?.  Other ideas can be described as properties.  The Periodic Table in chemistry helps organize various properties of chemical elements, such as valence and radioactivity.  Properties may be assigned to entities by definition, but, as with similar polygons, some properties are claimed as a consequence of experience in working with an entity.     

As students progress in arithmetic, they notice that the sum of two numbers is the same regardless of the order of addition, and that this occurs in multiplication as well.  It is not true of the operations of subtraction or division.  These and other properties occur with more than the basic four arithmetic operations.  Some occur with union and intersection of sets, for example.

Other properties occur when statements, like equality, congruence, “greater-than”, and perpendicular, are considered.  Without organization, names of statement properties may only be confused with one another, these names may be confused with those of operation properties.      
A chart such as the following gives the student a fighting chance at establishing an associative network with respect to several individual ideas that lie at the core of academic and professional work.  These are operations, operation properties, statements, and statement properties.  Confusion with these issues can be as casual as deciding if lug nuts can come off of a flat tire before the car is elevated, or the other was around.  Confusion can also be as serious as jury confusion with a lawyer’s closing argument, where rules of syllogistic reasoning are violated.  
Figure 7-  was developed for teacher-education students who were in danger of getting wrong answers on certification exams, for lack of an adequate associative network.

Properties of Operations and Relations
	
O

P

E

R

A

T

I

O

N

S
	symbol
	key
	element
	binary properties

	
	+

(
(
(
(
(
(
( or (
(
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	add

subtract

multiply

divide

union

intersection

Cartesian product

difference

symmetric difference

composition

square root*

complement* of A
	numbers, functions

sets

functions

numbers

sets
	associative

(a*b)*c = a*(b*c)

commutative

a*b = b*a

distributive

a*(b
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identity

a*ident = ident*a = a

inverse

each a has an a(1 so that a*a(1 = ident

	
	*unary -- others are binary.
	

	Note that only the distributive property above pertains to two operations together.  
The other four pertain to only one operation at a time.

	
R

E

L

A

T

I

O

N

S


	symbols
	elements
	properties

	
	=

(
>

(
<

(
(
(
(
//

A(B=(*

A(B((**

U(A=B((
=

(
(
(
n(A)=n(B)+ 
	numbers

angles, polygons, polyhedra 

lines, rays, segments 

sets


	reflexive   An element relates (?) to itself.

     5 = 5   (true)           5 > 5  (false)

     (ABD ( (ABD  (true)

symmetric   If a first element relates to a

     second,  then the second relates (?) to    

     the first.

  If (A ( (B, then (B ( (A  (true)

  If 5 < 7, then 7 < 5  (false)

transitive  If a first element relates to a second and the second relates to a third, then the first relates (?) to the third.

If  A ( B and B ( C, then A ( C  (true)

If 
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  (false)

The (?) notation above indicates a T-F judgment needed for each relation.  The “if” premises must be true premises. 

	
	
	If all three properties are true for a relation, then that relation is an equivalence relation.

	*Disjoint         **Intersecting

((Complementary        +Equivalent
	


Figure 7-
Building the Density Concept
Like the second mobile for the infant, a second example that allows generalization and discrimination is the seed of the associative network.  This is critical with the important and difficult example of density.  When the sponge and Mylar balloon examples have been internalized, examples involving actual ratios may be used.  The unifying idea is the definition of density as a ratio:
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When the volume or space is decreased by the rubber bands, the denominator shrinks.  How does this relate to a fraction whose denominator shrinks from 4 to 3?  
Given 
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When denominator or space shrinks (denominator shrinks), the overall density increases (fraction value increases) and the sponge or balloon shrinks.  
At some point, a student will say it better than technical language:  “Density is how much stuff is packed into a space.  More stuff in the space means more thickness or density.  More space means looser packing and less density.”  The associative network is in good order.

Importance of Associative Networks III

When associative networks are in place and student confidence is high, teachers tend to say that the student is beginning to think like a scientist (or artist, mathematician, historian, chef).  All of the thought processes are the same, beginning with the inquiry question.  The chef reaches into the associative network of varied and continuously-reviewed experience and possibilities, and hypothesizes, “I wonder how such and such would taste?”  The experiment might be a new ingredient or one less ingredient, or a different sequence of stirring things in.  The associative network makes such searches more reasonable and efficient for the chef than the layman.  The same applies to all curriculum areas.
The analogy in music is the concept of arrangement at least, and of composition at best.  A musician brings the associative network of experience and possibilities to someone else’s composition and tinkers with various elements: “I wonder how such-and-such would sound?  Would an audience find this variation as pleasing as I do?”  
Importance of Reining in Associative Networks

The power of associative networks, and the tendency of the mind to make patterns and associations, needs to be tempered with critical thinking, and students need practice in this as well.  Political propaganda often provides telling examples, particularly if propaganda is positive.  The theme of the first Ronald Reagan campaign, “It’s morning in America”, is a good example.
Many alarming examples of efforts to build a political associative network are found in the Hitler propaganda film, Triumph of the Will.  Early in the film, an appealing kitten is shown playing with a Nazi flag.  Hitler is shown associating with Germans in costumes from many distinct German regions, and being honored by parade groups representing varied occupations and interest groups.  

Excitement, energy, respect, unity, and happiness are portrayed throughout the film.  At one point, following many minutes of parading soldiers, the camera joins the marching, as if to vicariously include the viewer with the parade.  The segment concludes with the camera panning upward toward the skies.  All of the film attempts to build a positive associative network around Hitler.  

Negative campaigns, by contrast, try to associate fearful thoughts in the minds of voters, motivating people to actually vote.  When Triumph of the Will was made public in Germany, the issue was not voting, because voting was over.  The issue was building fanaticism, and the strategy was a positive campaign, an effort to balance out rumors of hideous treatment of opponents.   
Building Language Arts Concepts 
Many other valuable concepts (associative networks) come about with direct instruction balanced with experience.  Punctuation has clear purposes of clarifying meaning of sentences and paragraphs, per established conventions.  
In addition, a concept of punctuation is also tangible for those with sufficient experience with written language.  This concept becomes needed when punctuation rules are somewhat vague.  Lengthy expressions of thoughts are more courteously conveyed to the reader better if the reader is allowed to take a mental “breath” frequently.  

For this reason, several phrases, sentences, and paragraphs -- strategically arranged with relationship words, parallel structures, and punctuation -- convey meaning better than fewer lengthy phrases, paragraphs, and sentences.  Such application of a “mental breath” arises from the associative network that grows from direct study of principles of punctuation and personal experience with written language.     
How is such a concept of “take a breather” punctuating instilled in the mind of the student writer?  Several suggestions arise.


1.  Daily Oral Language, so that punctuation issues are encountered by the student every day.


2.  Reading, including some that is complex and difficult to understand.  Students may be given the assignment of rewriting a difficult passage so that friends can read it easily.     


3.  Writing and editing original work.  

In the same manner, a concept for capitalization can be developed, apart from well-known rules, centered on particularity.  Also, emphasis can be given to words and phrases through italics, underlining, and boldface type.  Rules exist for italics pertaining to titles, foreign words and phrases, and words referred to as words. Apart from these rules, italics and underlining can be used for emphasis, but sparingly, so that the effect is not lost.  A conceptual sense is needed, developed from experience in reading and writing.

Associative networks give writers useful variations in sentence structure.  The reader of Macbeth is likely to recall the lines whereby Macbeth learns of the fulfillment of prophecy that he had regarded as never to be fulfilled.  Shakespeare ended the two critical sentences with the action verbs:  “…I thought I saw the forest move” and “…untimely ripped” (emphasis added).

The inverted pyramid of news writing, wherein the most important ideas are in the first paragraph and with the very first words, can be re-inverted with effect.  An example of writing with the punchline at the end is a letter from this writer to a radio station in response to a stereotyping comment made against Cuban-Americans (end of chapter).  An associative network of such structure options should be part of the toolkit of every writer and composer, and again is developed through experience in reading and writing, class attention to detail, and review throughout the school years, perhaps supported by classroom posters.

Building History Concepts

Times lines are effective for helping students recall events and order thereof in social studies, for establishing relationships (causes and consequences) between events, and for understanding -- for establishing associative networks.  The principles are the same: ongoing review for domain mastery, teacher modeling, and class discussions based on questions that require conjectures, and lead to further investigation.  
Mr. Mickey Miller, Texas History teacher at McNiel Junior High School in Wichita Falls, has the walls of his classroom decorated in sequential order with posters and maps that emphasize key elements and events.  Proper reminders are at hand whenever reactivation from previously-studied times will illuminate a point currently under discussion.  Like the Periodic Table and suggested posters in this book, having this capability at timely moments can promote understanding more effectively than “Let’s try to find where such-and-such was mentioned back in chapter four or five…”  
Building Classroom Concepts
An associative network and organizational schema appear to advance the cause of helping student minds develop associative networks.  Unifying principles appear.  These principles seem to be worth considering for each subject area:

· Insure adequate initial learning through use of information processing principles, especially by revisiting new material briefly daily for several days after introduction and adding details during revisits.  Let the first day’s encounter be the mind’s “rough draft.”  Use organizational schemas to insure strong attention.
· Require recall through recall practice: recitation and writing, particularly cumulative quizzes and exams.  Review organizational schemas.  

· Suggest and model applications and strategies for approaching application projects.   

Specific ideas appear for developing associative networks in the four core disciplines, and reasons for doing so, in the following chart.  A subjective element of each will be mentioned here.  

In language arts and performing arts, subjectivity is at least involved with using writing and performing techniques to manipulate people.  The teacher should make students aware of the power of strong writing and performing, and to use it responsibly, as for the good of society and for the harm of no one.  If possible, balance should be provided by the writers so that the audience is not put off by  manipulation.  

This writer once took a group of honors students to a showing of Triumph of the Will so that they could understand the power of persuasion where argument wasn’t even attempted.  The students were strongly cautioned not to use the persuasion techniques for personal gain.  Two students promptly persuaded their constituencies to elect them student council president and class president, one eventually attempting to use class treasury money for personal use.  Subjective concern should be developed about tactful persuasion and the common good. 

The study of natural science should include the subjective examination of good use, on one hand, of scientific discoveries for fighting disease and predicting, avoiding, or minimizing effects of natural catastrophe.  Students should be appraised of the dangers that discoveries would be used to satisfy lust for political power and military conquest.  From earliest times, scientific discoveries have been misused for what most would call evil purposes.  At times, scientific investigation has been prompted by desire to intimidate and enslave.  Subjective concern should be developed for the public interest in terms of product safety and development of terror weapons. 

The study of social science should include the admonition that objective conclusions are very difficult to come by, as even when all available information is brought to a question of understanding, human thought processes many not digest the information uniformly from one person to the next.  Much of history and political science is prompted by, and interpreted through, an element of human insecurity.  Even in the strongest (or strongest-looking) of people are subject to the comings and goings of confidence about many personal and public issues.  Subjective concern should be developed about power being gained by misleading manipulation and then abused at the expense of public interest.  

The study of mathematics should carry an element of subjective appreciation.  Teachers should strive to inform and re-inform students so effectively that students are awestruck by the interrelationships and invariance.  When students express subjective appreciation, the teacher should support such expression.  Subjective interest should be developed about the origins of mathematics and discoveries in the field.  Such discoveries are not inventions, and pose a fabulous, unanswerable question: where did mathematics come from?  From where came the constancy, patterns, internal connections, and connections to natural sciences?       

Jorge Amaro letter   
Classroom Concepts (Associative Networks)

Arising from Ongoing Review, 

Organizational Schemas, and “Pinnacle” Efforts
	Discipline and Impetuses
	Concepts

“We want associative networks for…”

	Language Arts; Performing Arts

Daily Oral Language

organizational schema

cumulative experience with literature


	Punctuation 

   Taking a “breath” cognitively/perceptually

Capitalization

   Uniqueness: particular person, place, time, etc.

Inflection (also font, underlining, etc.)

pronoun

Sentence structure: “…as I looked to Birnam Wood, I thought I saw the forest move.”  -- Macbeth

Writing structure: direct vs. indirect/subtle

Subjectivity  [Can others be made to feel what artist feels or wants felt (State of Union address)?]


	Natural Science

organizational schema; 

study of discoveries: nature of light; penicillin, solar system, DNA, etc.

true inquiry and 

counterexamples

who knows?
	
      cycle of investigation 

     cascade of thought during investigations

     objectivity and integrity: would someone else    

     get same results and conclusions doing the   

     same investigation?

subjectivity: are methods and discoveries in the best interests of humanity?


	Social Science

Time lines: catastrophes; discovery expeditions
study of military conflict, laws, judicial rulings; 

Daily review routine

Organizational schemas

All of the above
	Significance of events; causes of events; 

   consequences of events.

Patterns of events

How leaders cause or inspire events

 “Government”   “Culture”   “History”   “Economy”     

 “Money=Time=Labor”   “Geography”   Social conflict

Objectivity and subjectivity


	All of the Above

Examples and counterexamples


	Responsibility

	Mathematics

Ongoing review and 

organizational schemas

Proof and problem-solving

All of the above
	   Order, number, set, function, 

   classification/relationship, limit,

   fraction/ratio, operation, 

   solution/root/ solution set/zero

   properties of relations and operations

Strategy

Subjective Appreciation


Figure 7-
An associative network related to noun (or pronoun) modified by adjective, or verb (or adjective) modified by adverb, can support comprehension of fraction, algebra coefficients and exponents, and subscripts in chemical formulas and subscripted variables in physics.   

The fraction 
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 signals that an item or group has been divided into four equals parts, and that three of them have been selected for special attention.  The four tells what kind and the three tells how many.

Adjectives can tell how many (among other roles) and is thus the modifier, as is the numerator of a fraction.  The noun or pronoun tells what, and is thus the counterpart of the denominator.  The analogy is carried much farther within mathematics, comprising an associative network of connections with that one discipline alone, as is indicated on the following pages.
The connection will also be made to chemical formulas and equations.  Subscripts in the chemical symbol for water, H2O, indicate that there are two atoms of hydrogen for each one of oxygen.  (Where is the one?  It’s an unwritten default value, which appears in many situations in algebra.)  The subscript is a modifier, closer to an adjective.
When pure hydrogen and oxygen are burned in the presence of one another, water is formed.  This reaction can be symbolized this way, with needed subscripts on both hydrogen and oxygen, as both gasses occur in nature as paired atoms.

H2 + O2 → H2O
A problem appears in that this equation is unbalanced.  The left side has an extra atom of oxygen.  Consequently, some of the reaction components must be doubled.  Following is the correctly balanced equation, with the same number of each atom on each side of the reaction, with the ratio of the two atoms correct as well. 

2H2 + O2 → 2H2O

Rules in algebra and chemistry govern subordination of coefficients and exponents/subscripts to each other.  Sentence diagramming reveals analogous patterns in grammar.
The Concept of Denominator/Denomination

A five-dollar bill, the 3 in two-thirds, conventions of place value, and ounces all have something in common. Each is a denominator or denomination, telling the size of a uniform quantity that is being counted. The purpose of this short paper is to describe connections between these ideas, and to strengthen understanding of each idea.   

Cashing a check for $50 at a bank may produce the following question from the teller: "Will two twenties and a ten be all right, or do you need smaller denominations?"  Here, denomination refers to the amount (size) of money in a given piece of currency or bill.

The denominator 3 in two-thirds tells the size of the fractional part that there are two of. In this sense, the denominator 3 tells amount or size in the same way that denomination does. 

In the number 9743, the denomination or place value of the 7 is hundreds, by virtue of established ideas of place value.  Place value communicates quantity or size like denomination symbols on currency or denominators of fractions.  The same applies to whole number and decimal place values.  The denominations are there but invisible.

The names of units written after numbers establish denominators or quantities in the same way. Combinations of the above are possible. The denomination of the 7 in “9743 ounces” is 100 ounces. 
 

Mixed forms of fractions and decimals clarify place value further, and provide an instructive example of the occasional complexity of the concept of denomination. The place value of the 3 in
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 is 1/8 of one-thousandth, or 1/8000.  The place value of the 5 is the agreed-on, invisible 1/1000, but the 3/8 is not a place-holder. A fraction carries its own place-value, or denominator. Like an adjective, a fraction modifies the decimal place immediately to the fraction's left. The mixed form given above is read, "Five and three-eighths thousandths." (Mixed forms are rarely used but may appear when a student attempts to change a common fraction to a decimal fraction. Vocational classes use these also.) Demonstrating that 66 2/3% is the same as 2/3rds will also involve a mixed form. 

              The denomination of the 3 in 
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 oz. is 1/8000 oz.     

The main purpose of the above discussion was to exemplify a connection between ideas in mathematics. Two other ideas may be evident. (A) The ideas of place value, denominator, and denomination are complex; they are studied in graduate schools in mathematics. (B) There is a great deal of mathematics in arithmetic.  

Another situation that helps clarify the notions of denomination is work with denominate numbers. Suppose we are to add the following:

              2 ft   8 in   +   1 yd  1 ft  9 in

The simplest answer will require carrying a 12-inch foot to the feet column. The similarity between this and carrying tens will help a student with the concept of carrying and the concept of denomination as well. The same applies to subtraction requiring donating (“borrowing”) a foot and converting it to 12 inches.

An example of other subjective possibilities in science may be found in the following inventory of characteristics of Earth and its solar system that are needed to sustain life.  While it remains true that life may exist elsewhere in the universe, and may not be based on oxygen, nitrogen, and carbon in the same way that life on Earth is, understanding how (subjectively) remarkable life is on Earth may be enhanced by this network of facts.  

Characteristics of Planet Earth/Solar System
needed to sustain life
1. Atmosphere to protect from cosmic radiation 

2. Existence of water


3. Magnetic field to deflect solar wind to protect atmosphere

4. Light from Sun
5. Moderate temperature, due to proximity/distance to Sun

6. Water floating when frozen

7. Weather dynamics: water cycle for purification, wind; 

8. Abundance of essential elements: oxygen, hydrogen, nitrogen, carbon, sulfur, iron 

9. Axial tilt of earth, rotation

10.  Jupiter capture of many invading asteroids/comets
     11.  Large moon prevention of Earth from tilting over
     12.  Continental drift (Rare Earth by Don Brownlee, astronomer, and 
  Peter Ward, paleontologist, Univ. of Washington at Seattle) 

Associative Networks and Saxon’s Practice Structure

An associative network, a.k.a. mind map, consists of a network of interrelated ideas in the brain.  The Glass/Holyoak example is that associated with the word “cat.”  When adults in the English-speaking world hear the word “cat”, many ideas are activated subconsciously in our minds: how the word cat is spelled, how cat fur feels, words like dog and litter box, specific cats we have known, lion/tiger/panther, and so on.  How cognitive psychologists test for such activation is a matter for a cognitive psychology course, though the experiments are simple.   

Whenever students do an assignment in Algebra 1/2 (Saxon Publishers), they encounter the concept of fraction from multiple standpoints.  Daily work on such material builds an interconnecting network of fraction understanding (associative network) in the mind that will serve students well in a wide variety of new situations, such as learning more about fractions, or taking a test that has unfamiliar fraction questions.  This is why Saxon students do well on any achievement test, no matter how the official objectives of the test do or don't match the book's exercises cosmetically.  The same applies to many other concepts in those same assignments: number, measure, order, operation, etc. 

The contention is made, then, that practice structure such as that found in the Saxon-Hake-Larson mathematics books will develop the highly-desired associative networks at an optimal pace (given the constraints of school time and a minimal-homework cultural influence).  How can this contention be supported?

Refer back to the Three-Part Credibility Test.  Needed is three types of evidence. 

1.  Background cognitive psychology.  Associative networks are established when related content is presented in close proximity and then reactivated daily.  Generalization and discrimination are established and practiced.

2.  Classroom application research.  Crawford’s study comparing Saxon’s Algebra ½ with a comparable Scott-Foresman textbook showed Saxon’s overall superiority on California Achievement Test (CAT) questions supported by both books; what was critical to this discussion was that Saxon students also outscored (without statistical significance) Scott Foresman students on CAT questions only supported by the Scott Foresman testbook.  In other words, only the Scott Foresman students had seen that material before.

3.  Teacher testimony.  

“The Algebra ½ book leads the students into abstract thinking very gently and along the way they learn to reason.”




-- Ruth Smithie, Wichita Falls High School





Wichita Falls, Texas

“I have taught for 13 years and this year I am using Saxon Algebra ½.  I have never seen or heard of a book that comes close to what this book does…Review increases retention and this improves the ability to learn new topics…The format does not permit skills to be practiced in isolation.  They have to know it today, tomorrow, and the next day and the next, etc.”




-- Mary Ann Know, Ouachita Junior High





Monroe, Louisiana

“When the freshmen took the standardized test we give each year, the Saxon kids came back talking about the fact that they could make the amth problems ‘make sense.’ ”




-- Jo Klingman, Weatherford High School





Weatherford, Oklahoma

“Even remedial students thrive on the consistent review which allows the development of concepts and maintains skills.”




-- Beverlaa Smith, Gidley School





El Monte, California

“As the fall progressed, the Saxon students were in the initial stages of wrestling with several different concepts at the same time, and the controls were learning in neat blocks of information.  But late in the fall, the Saxons began making real breakthroughs in understanding while the controls were forgetting everything they had learned -- in neat blocks.”




-- Mickey Yarberry, Del Crest Junior High





Del City, Oklahoma

…and the Paulette Olivier story from Carencro Middle School, Lafayette, LA.

A member of the External Advisory Committee visiting the Southern University Campus in support of the Science/Mathematics Education Ph.D. (SMED) Program expressed the hope that SMED students were familiar with the topic of dimensional analysis (factor-label method of converting measurement units), since it is a strong interdisciplinary link between mathematics and science.  Such is indeed a topic in all SMED curriculum courses, as are other topics related to measurement in general, and statistics in particular.

The visitor’s making such a comment suggests that an inventory of such topical links would be useful to outside observers as well as SMED professors and students.  Those served by future SMED graduates would benefit from the specific links listed here, and will be inspired to find others.

Not included here (yet) are links between biology and chemistry, which like digestion are numerous, necessary, and well known, and between physics and chemistry, which are often so strong that they are in fact overlapping content.  Less well known are links between physics and biology, and such merit more treatment here; many of these involve chemistry at the level of details.  Links from science to mathematics are also strong and well-known, but merit attention.   

Some attention to precision was given regarding geometric shapes.  Oranges and grapefruit were classified as spheres, even though they are rarely very close; planet Earth was not included, because there are better spheres.  Apples and cherries are never close and were not considered.  The paw-prints of fox and coyote, on the other hand, are very collinear, and alternate front and back prints are very coincident.  There are imperfect hearts and five-point stars here, because the early childhood students would be engaged thereby.


Links Between Mathematics and Science

Counting

Counting to classify 


Two: spider body parts


Three: insect body parts; three-fin tripod of spiderfish 

Fives: flower petals, starfish, sand dollar, fingers, apple core

Six: insect legs

Eight: spider legs, octopus arms

Nine-banded armadillo

Ten: squid arms

_______ = number of ribs 

500 species of army ants

Combinatorics


Organic compounds: counting possible arrangements

Basic geometric concepts

Collinear: fox and coyote footprints; hinge edges of seashells (bivalves?)

Coplanar: two arm parts (when bent); two leg parts (when bent); orbits of the Sun’s planets; rings of planets

Congruence: DNA strands

Line relationships


perpendicularity:  most plants to ground (shortest distance)


parallelism:  plants to each other, hair, muscle fibers

Symmetry: bilateral symmetry in vertebrates and many invertebrates; raindrop, club moss, arrangement of leaves on stems; cross section of Solomon’s seal root; spider webs

Reflection: sound waves; light waves off snow, water, and retinas of cats’ 

and dogs’ eyes; movement of wagging and swimming tails

Projection: shadows

Similarity: shapes of some tree leaves and shapes of other trees

Basic geometric shapes
Angle


V-shape of formation of migrating birds


angles of soap bubbles supported by symmetrical frames


light reflection and refraction angles

Circle  


rim of cross-section of crinoid, toadstool, mushroom

concentric circles: wave dispersion from a point of disturbance on

 a liquid surface


inner rim of acorn caps (and whistle mathematics)


area measurement and population sampling


ring around the moon


rainbow (arc of a circle or complete circle)

rim of pupil of eye

Sector of a circle: leaf of grey birch

Annulus (region between concentric circles; donut in two dimensions) 

feathers around the eye of the king vulture.


iris of eye



rings of Saturn, Uranus

Bell:
Lily of the Valley blossom

Cylinder:
stems

Sphere: wave dispersion in uniform medium; hailstones; some eggs: spider, fish, frog; body of water in a space shuttle; celestial bodies; 


sycamore seed balls; pearl; large moons; grapefruit and orange

Cones


Spider webs (funnels)


Ant lion trap


Trees (given certain growing conditions)

Some sea shells:  Cunningham’s Top, Pyramid Top, Commercial 

Trochus 

Spirals: some sea shells: Wentletraps, Augers; pine cones, DNA, narwhal 

tusk, tendrils of vines, mouth parts of moths.  See spider webs
  Spider webs: platform, bowl-and-doily, orb (spiral), filmy dome, triangle

Heart shape: heart cockle, leaf of redbud and catalpa trees


Cartioid (curve in polar coordinate system)

Star shape:
leaf of sweet gum tree

Spider egg sacs

Platonic solids: crystals



cube:  pyrite, lead, halite (salt), cobalt, uranium



octahedron:  gold, magnetite, chromite, fluorite



dodecahedron:  pyrite, cobalt

Truncated octahedron:  silver, uranium; pollen, diatoms, spores

Rose curve (graph in polar coordinate system): three-leaf clover

Shapes in general

Fractals: snowflake, dynamic growth (evolution) from chaos to order, as 

in climax forests; model for growth of crystals, lungs, trees, coral reefs; circulatory systems; strange attractors

Molecular structures (e.g., carbon)

Tools of analysis

Statistics


Quantification; pattern in data; establish correlation; establish 



cause and effect; predict future

Graphing data


horizontal or x-axis for data that we select/control -- 

independent variable, variable of choice


vertical or y-axis for data that results from our choices --

 

dependent variable, variable of consequence.

slope is defined as (y/(x so as to compare the changes

 
in consequences with the changes in choices.

Models and matches in science

Order:  seasons, life-cycle stages, colors of spectrum

Sinusoids and electromagnetic waves 

Powers of i (and other groups) and behavior of sub-atomic particles;

complex numbers and electricity
Fibonnacci numbers: rabbit reproduction; pine cone; sunflower seed 

pattern 


   Logarithmic spiral/golden mean and nautilus 

Differential equation model of predator-prey relationship 

Conic sections:  

elliptical orbits 

hyperbolic horns 

parabolic path of projectile; parabolic shape of mirrors for


telescopes and for cooking, and of lenses

all: trajectories in inverse-square fields, such as gravitational


fields and electrical fields, including degenerate conics

Logarithms: pH, spring constant

Exponential functions: growth and decay of populations and 

radioactive substances.  

Limits: age and size of living things, cold (absolute zero), size of a stable 

atom,
speed of light

Measurement (see attachment)


Precision, accuracy


Quantity and unit


Ratio; proportion



fractions 



speed: ratio with time on the bottom



density



relative error



per cent; per cent increase/decrease


Dimensional analysis 


Significant digits 

Links between traditional divisions of science

(biology(physics emphasis)

Form and Function

Temperature regulation

Insulation: fur, fat layers

Evaporation 

Radiation (jack-rabbit ears)

Oil/water:  oily duck feathers to protect

Wedges:  bird bills, teeth, claws

Optics; light sensing

Light-producing biological entities


Firefly; mating


Deep-sea angler, common blackdevil deep-sea angler; bait


Fire beetle of Brazil (intimidation)


Fluorescent coral


Luminescent ocean algae


Phosphorescent fungi in logs

Light-preventing or confusing


Octopus ink


Zebra stripes


Ocean fish: dark on top and light on bottom for camouflage


Fresh-water fish: hiding on sunny days, not cloudy days

Pressure: depth of catfish determined by swim bladder (air pocket)

Electric current


Electric eel: organs; food detection/killing, defense (200-300 v)


Electric catfish (Africa); organs


Electric rays (torpedoes): glands

Movement of Living Things



Safety of Living Things

Emphasis: safety in a high-tech society



Food storage and preparation



Acidity of soft drinks



Temperature of food



Boiling at high altitudes



Recessed light fixtures

Engineering


Beavers


Nesting birds; swift, weaverbird, barn swallows, tailorbirds 


Wasp, bee, ant, termite


Sponge-making gorillas


Galapagos finch & use of twig to arouse bugs


Water spider & oxygen tent

Forceful ejection (non-excretory)


Seeds:  witch hazel (tree) and seed pod


Predation: archer fish

Color

Producing and sensing



courtship: many animals


Sensing: bees


Producing: flowers

Sound producing and sensing


animal: warning, courtship, other communication


echo-location (bats)

Electricity and nerves


chemical producing (odors) and sensing (sense of smell)




skunk: defense



many animals: courtship



plants: attraction of pollinators


pain producing



animals: spines: porcupine, etc.



plants: thorns

Membranes

Chemistry of puberty (precision)

Movement

Shark skin, fluid mechanics/friction 

Aerodynamics and…



animal flight



seed dispersion

Big linkage within science: energy


Physics: forms of energy, including matter


Chemistry: making and breaking bonds


Biology: how living things make and break bonds

A view was offered during the era of the New Mathematics that learning was assisted by understanding.  The definition of understanding offered involved answering the question, “Why?”, before the question, “How?” was addressed.  Leaving some of that issue alone for the time being at least, the reader is invited to consider the following discussion of why division of fractions can be accomplished by inverting the divisor and multiplying.  The reader is not expected to digest this.  The reader is invited to consider how complicated the response can be to “Why?” in this case, and to ask if a student should really digest and be able to recall this explanation as for an exam.  

The opinion offered here is NO.  The individual steps and principles are wonderful to know and review, if it were possible.  More important is how this relates to solving algebra equations with a fractional coefficient on a single variable term.  Connecting the inversion idea to issues of identity and inverse helps students understand the same issues with respect to algebraic and trigonometric functions later on.     

Of interest here, however, is what is meant by understanding.  To the New Math advocate, understanding meant explaining why.  To the psychologist, understanding is much broader, and, in this instance, arguably more useful.

Fraction Division Breakdown

         Following is a breakdown of objectives useful for teaching meaning in fraction division, per one of many possible strategies.

         1.  The fraction bar means division (division language-- ways of writing division; four interpretations of fraction).       

         2.  Division by 1 gives a quotient equal to the dividend.

         3.  Multiplication of fractions: top ( top; bottom ( bottom.

         4.  The inverse of 2/3 is 3/2, etc.

         5.  When a fraction is multiplied by its inverse, 1 is the product.

         6.  The value of a fraction is not changed when we multiply the top and bottom by the same number.

         7.  A complex fraction has a fraction for both its top and bottom.

Use of these prerequisites objectives with 
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 might be done like this:

 
A.  Write   
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  as   
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  by #1 above.

         B.  We decide to divide by one instead of 7/11, because of #2. 

         C.  We decide to convert 7/11 to one by use of #5.

         D.  We choose 11/7 to multiply with 7/11, the choice because of #4.

         E.  We decide to multiply 3/4 by 11/7 also, remembering #6 & #7.
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F.  The problem is completed with #3 above.

Again, the writer is strongly inclined to believe that the explanation above will likely be lost on almost all students, at least in the initial year(s) of learning fraction division. Note also that when the ability to explain why is enabled, that ability is only possible because a stew of background objectives (1-7) has been reviewed sufficiently. 

Eight General Curriculum Objectives/Elements

(Curriculum Perspectives)

Concepts that Unite Disciplines and Grade Levels

Life Cycles

Symbols

Aesthetics

Time and Space

Groups

Connections to Nature

Purposeful Living

Producing and Consuming

Seven Learning/Teaching Goals 

(Cognitive Psychology Perspective)

Verbal and Visuospatial Development

Initial Learning

Recall

Application 

Associative Networks

Generalization/Discrimination

Positive Affective Outcomes

Progression of Knowledge Development 

Within Disciplines (Cyclical)

Elements

Operations

Statements

Applications

T. J. Shuell’s Twelve “Learning Functions”

Necessary for Meaningful Learning
“Phases of Meaningful Learning.”  

Review of Educational Research, 60: 5311-47, 1990
(All of this gets filed under Initial Learning.)

1.  Establishing expectations
2.  Establishing motivation

3.  Reactivating prior knowledge

4.  Focusing attention on new material’s primary features

5.  Encoding information [This happens partly in step 4.]

6.  Comparing new and prior learning

7.  Generating relational hypotheses re: new/old learning

8.  Reactivation of information until properly networked with old learning

9.  Receiving feedback on correctness of understanding

10.  Evaluating hypotheses and feedback

11.  Monitoring the learning and understanding process

12.  Synthesizing available information to form new understanding

Good exam question:  Relate the italicized parts to specific parts of course material.

Salesman’s Steps to Selling an Idea

Dr. Hugh Rank, Governor’s State University

University Park, Illinois

1.  “This is the problem…”

2.  “These are the dire consequences of letting this problem fester...”

3.  “This is how the problem can be resolved…”

4.   “This is what you must do...” 
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