Chapter III
Initial Learning:

Perception, Encoding, Representation

Psychology of Learning with Classroom Applications
Initial learning begins with sensory input at even the subconscious level.  Preferred levels of classroom learning are not only conscious but as intense as possible.  Passive observation -- watching or listening to what teachers or classmates are doing is not nearly as impressive to the mind as what is recoded into written notes, or recoded and fed back in oral recitation, or compared/contrasted with topics learned on previous days, or applied.  What must be emphasized is that even the most intense exercise of initial learning is certain to be incomplete, and is mostly forgotten after 24 hours.  
There is limited payback, therefore, in spending a lot of classroom time on the initial exposure, on trying to communicate an idea completely or eternally in one presentation of any level of quality.  The mind doesn’t work that way on the first encounter, unless the experience is traumatic.  A teacher’s initial expectations should be low for each individual topic and high for the eventual and collective objective of providing for the growth of associative networks.
One element of the classroom environment that contributes strongly to the growth of associative networks is the organizational schema.  Pictures, charts, and outlines are common examples of organizational schemas.  The power of these organizational schemas is rooted in principles of attention.  

The involuntary attention of the human mind seems to be aroused by familiarity, organization, and challenge, over unfamiliarity, disorganization, and comfort respectively.  Regarding familiarity, the human mind seems to give extra attention (or processing of some kind) to what was processed before and then left alone to deactivate.  Regarding organization, the mind seems to process not only information but also the organization (internal associations) thereof, making stronger initial processing.  This makes recall easier.  Regarding challenge, the human mind seems to engage naturally in work, play, and relationships that involve obstacles, perhaps because of the learning opportunities presumed to follow.  Such is the attraction of sports, much reading, most movies, and commitments to relationships, especially raising children.  

The initial learning effects of organizational schemas was demonstrated by Bower and others in 1969 and is easily re-demonstrated by anyone with an audience of 25 or more.  Let half the audience be shown the following collection of terms without organization (A) and the other half with organization (B).  Find a reason to casually discuss these lists; cue no one that there are two kinds of list.  Direct the audience’s attention elsewhere for 20-30 minutes, and then ask them to write what they remember from the lists.  Those with list B will remember more.  


       A




  
         B


	emerald

masonry

diamond

ruby

platinum

silver

limestone

gold

granite

aluminum

marble

copper

slate
	minerals

lead

metals

iron 

stones

bronze

rare

steel

brass

alloys

common

sapphire

precious
	minerals



metals                    stones

  rare    common    alloys     precious    masonry

platinum    iron     bronze   sapphire   limestone

  silver        lead      steel      emerald       granite

   gold       copper   brass     diamond      marble

              aluminum                ruby            slate


Figure 3-1

Organization of information is helpful for students, inherently (for understanding) and to help recall.  Organization schemes thus help in two ways to build domain knowledge and associative networks for creativity, discovery, critical thinking, and problem-solving.  Teachers are encouraged to share organizing schemes with students and keep such schemes on display, much as a chemistry classroom is seldom without a Periodic Table.  Students should be encouraged to organize information also, and to attempt to improve schemes supplied by teachers and other sources.

Gordon Bower’s experiment showed the importance of organizational schemas such as charts and outlines for initial learning.  It has been argued that (1) the mind attempts to make sense of inputs, and (2) organizational schemas attract involuntary attention.  Organizational schemas help the mind make sense of ideas, showing parallelism and subordination of ideas.  

“Chunking” is a term often used with respect to organization of inputs and ideas.  Asking someone to think of instances in a category such as flowers clarifies the importance of organization to the issue of attention load.  Normally, a person can only think of six or seven examples.  The explanation usually given for this is that the examples that have been recalled are now quite activated in the person’s mind, and seem to keep clamoring for more attention.  The attention load limit has been reached.  This helps explain why some hang-ups in mathematics problems and crossword puzzles must be slept on: initial ideas that hinder correct ideas become deactivated over time, and new ideas can receive some attention.

If the request for names of flower types is accompanied by categories such as romantic-gift flowers, wild flowers, holiday flowers, and garden flowers, up to six or seven can be named in each category by most people.  If the task is to think of people to invite to a wedding, the process is easier if subtasks such as peer group, work associates, neighbors, and relatives are addressed.  
It falls to the teacher, then to attempt to provide organization of new inputs within themselves and with respect to previously learned ideas.  An inventory of such ideas was developed by ______ and is reproduced here.

The subject of science is so replete with categories that it is nearly impossible to study science without organizational schemas.  Skeletal diagrams or diagrams of muscle systems or cells are familiar examples.  Outlines of the orders of insecta and the periodic table of chemical elements are other examples.  Some original examples developed by this writer and his colleagues are also included below (Figures    )

The first is an outline of distinctions between mathematics, three main branches of natural science, and technology.  Professor colleagues and students of this writer helped develop this chart, which was used as a way to give context to the Science/Mathematics Education Ph.D. Program created at Southern University - Baton Rouge in 1998.  

The chart begins with “sound-bite-sized” descriptions of mathematics, biology, chemistry, physics, and computer science.  The distinctions between chemistry and physics were difficult to portray here, and the lines that distinguish between the two branches of science are becoming less focused every year.  Chemistry appears to study matter and energy at the level of chemical bonds, elements, compounds, and solutions.  Physics also explores matter and energy, with emphasis on forms of energy, including mechanical, heat, light, sound, and electricity.  

Other issues are raised in the chart, to enable students to see appropriate generalizations and discriminations.

Outline of Science-Mathematics-Technology Fields of Study

	
	Biology
	Chemistry
	Physics
	Mathematics
	Computer Science

	What
	Study of Life:

Classification & Relationship
	Matter, its properties, 
and changes it undergoes
	Study of matter and energy
	Study of invariance

of number, form
	Study of computer 
as information 
processing tool

	Major topics
	Cells, tissues, 
organs, systems, organisms, 
populations, 
ecosystems

Ingestion, 

excretion, 

movement, reproduction, 

response to stimuli
	States of matter

Periodic table 
of elements

Compounds, bonds, 
and energy;

Reactions

Measurement; 
ratio; mole
	Space and time;

Mechanics;

Motion

Electricity

Magnetism

Gravity

Waves

Heat, Light, 
Sound
	Arithmetic

Algebra

Geometry

Trigonometry

Topology

Sets, logic,

function
Measurement

Proof

Problem-solving
	Computer 
architecture

Computing theory

Software 
engineering

Data 
communications

Artificial 
intelligence

Security

	Why study:

benevolent

 
	Improve human conditions

Preserve natural environment

Answer intriguing questions

Art

Thrill of discovery
	Thrill of discovery

Art

Model natural phenomena
	Improve human communications

and attendant human  behavior

Prevent 
malevolence

	Why study:

ambivalent
	Military power

Economic power

Faith or no
	Military power

Economic power
	Military power

Economic power
	Military power

Economic power
	Military power

Economic power

	Why study:

malevolent
	
	
	
	
	Invasions: security 
& privacy

	Intriguing 
questions
	Extinctions
Origins of life

Aging
	Reverse engineering

Limits on molecular structure
	Paradoxes

Structure of atoms
	Unsolved problems and 
unproven conjectures
	

	Unifier
	Natural law invariance across time, space
	
	

	Unifiers
	Quantification     classification      relationship      invariance


Figure 3-

A classroom application of the thinking shown above is contained in a classroom handout shown below.  This potential classroom handout is derived from a classroom presentation by Mr. Shawn Liner of Parkview Baptist School, Baton Rouge, LA.  Note the importance of understanding of physics to the study of chemistry.  

Basics of Physics Essential for Chemistry

Inertia is the tendency of an object to resist any change in its velocity.

Matter is anything that exhibits the properties of inertia.

Comparing/contrasting law and theory:

	Theory
	Both
	Law

	· tells why

· is an explanation

· does not use math
	· are from hypotheses

· are accepted as fact

· can be disproved
	· makes a prediction

· uses mathematics


Compare/contrast science and technology:

· Science: systematic investigation of nature; is neither good nor bad

· Technology: use of scientific knowledge; debatably good or bad

· (Faith: substance of things hoped for, the evidence of things unseen.)

Energy is a property of matter that may be converted to work under proper circumstances.

 Kinds of energy:  potential: stored, like food, or battery




kinetic: energy of motion, sound, heat




radiant: electromagnetic radiation

Compare/contrast weight and mass:

Mass is the amount of matter, the amount of particles


Mass is independent of weight.   A balance measures mass.

Weight is the force of gravity on an object

Weight is dependent on mass.     A scale measures weight

Substance:  matter of constant composition

Element: substance composed of only one kind of atom

Compound:  substance composed of more than one kind of atom.

Concentration can be described by three standard methods:


molarity = m = moles of solute per volume of solution


percent volume:  vol of solute per vol of solution


percent mass:  mass of solute per mass of solution

Compare/contrast physical vs. chemical properties

Physical:  on its own, like melting or boiling point; after melting or boiling, it’s still the same substance.

Chemical:  how it reacts around something else, such as flammability, after which is a new substance.

Compare/contrast intensive vs. extensive properties:

Intensive: property not affected by quantity (e.g., color or density)

Extensive:  property affect by amount present (e.g., volume, length)

Understanding and application of the Cycle of Scientific Investigation will be enhanced by a classroom poster such as the following.  Teachers should find students referring to this poster regularly.

Scientific Investigation Cycle

1.  Observe

2.  Develop measurable hypothesis

3.  Plan investigation

4.  Investigate, gather data

5.  Look for patterns and significance

6.  Draw conclusions

7.  Predict (develop next hypothesis)

The study of chemical bonds will be enhanced by a schema such as the following.  Chapter divisions can make these distinctions difficult to find.  


Chemical Bonds Summary

	Type


	Distinction

	Covalent
	shared electrons

	Ionic
	transfer of electrons

	Van der Walls
	weak attractive force

(molecular, as surface tension)

	Metallic 
	free electrons


In 1961, the high school course in biology featured two life kingdoms: plants and animals.  Some examples were a bit confusing.  Later, a third kingdom was added, and even more recently, two others were added.  A sixth may have been added since this chart was developed.  

Two points need emphasis here.  First, much digging was needed to develop this chart; textbooks tend to be obtuse with respect to this very basic content.  Second, use of this chart helps emphasize the fact that biology, as a field of science, is an organic (growing and changing) human endeavor. 


Life Kingdoms 
as of 2000

	ISSUES



KINGDOM
	proKaryotic

(no nuclei nor

membrane-bound organelles);

Eukaryotic (both)
	specialized tissues
	Photosynthetic; Chemosynthetic;

Ingestive;

Absorbing;

Saprotrophitic*
	Unicellular;

Multicellular

	Monera or Prokaryotae;

bacteria
	K
	no
	P  or C or I or S
	U

	Protista or

Protoctista;

Algae & protozoa
	E
	no
	P  or A or I or S


	U,~M

	Fungi

Mushrooms, yeasts, mold
	E
	yes
	S
	M

	Plantae

Photosynthesis plants
	E
	yes
	P
	M

	Animalia
	E
	yes
	I
	M


* Sapotrophs absorb nutrients from dead organic matter after secreting digestive enzymes.

As of 2000 or so, some argue for splitting Monera or Prokaryotae into two kingdoms.  

· Archaebacteria, those without peptidoglycan walls

· Eubacteria, those with peptidoglycan walls.

Basic concepts of physics involve a chain of ideas that relate by definition and with mathematical precision and connection.  Internalizing the definitions and connections is made far easier with such as the following poster/handout suggestion.  As each new idea is encountered and discussed, it must be nested into the context of all previous ideas, which must be reviewed individually meanwhile.  

Primary Physics Definitions 

	Fundamental measurable quantity
	Units

	Distance
	meter

	Velocity = distance/time
	meter/second = rate

	Acceleration = velocity/time
	(meter/sec)/second = m/sec2

	Force = mass ( acceleration 
	Kg ( m/sec2 = Newton or N




	Energy = work = force ( distance 
	N ( m = joule
	Pressure = force/area
	N/m2

	Power = energy/time
	Joule/sec. = Watt
	
	

	Intensity = power/area
	Watts/m2
	
	


	
	
	Electric charge  

coulomb 

   = charge on 6.25 ( 1018  electrons  

	Electric potential
	Volt = work per unit charge needed to move between points = joule/coulomb
	Electric current
	Rate of charge = Ampere = coulomb/sec

	Electric capacitance
	= current ( potential = joules/sec

or = charge ( voltage, = farad
	

	
	
	
	


Watt as in 60-watt light bulb; how much energy is released.  Power.
Volt as 110- or 220-volt electric outlets; how much work is needed to move the charge from the generator to the user.  Work.
Ampere as in electric fuses, breakers, or extension cords; how fast electrons flow through the wire (pipe).  Rate of charge.
Note the relationships between electricity and the fundamental measures at the beginning.
Classifications of living things abound in biology, some of which (kingdoms, and the refinements) have been mentioned in the discussions above.  Biological relationships such as the three types of symbiosis lend themselves to visual organization in charts, enhanced by pictures of plants and animals that exemplify the relationships.  

Bagayoko on Physics

Many topics in mathematics lend themselves to organization as well.  The term “Connection” is often associated with organizational schemas in mathematics.  Some developed by this writer and others are included here because they work well for initial experiences.  Others will be included in the next chapter on recall, as they seem more appropriate for inclusion after some aspects of the topic have been studied for some time.   
The first such connection is from Carolyn Talton of Louisiana State University, and is called The Thinking Approach to Problem-Solving (TAPS).  TAPS is used to help students with arithmetic word problems.
The TAPS outline that follows should be on a classroom poster, with the terms combine, separate, and compare explained initially with manipulatives.  This introduction must be repeated at least briefly for several consecutive days.

Thereafter, students read (or have read to them) two or three varied word problems each day.  “Varied” means that not all of the problems are solved using the same operation or combination thereof.  (When a textbook page is headed by “Using Addition in Problem-Solving”, no problem-solving will transpire -- decisions will not be made by students, many of whom will not even read the problems, but will add whatever numbers appear therein.)  A Saxon/Hake/Larson book is the ideal here.

When students can’t decide, the teacher refers them to this chart, and reminds them with manipulatives if the chart alone doesn’t help.

The Thinking Approach to Problem-Solving (TAPS)
Does the problem suggest that we…


I.  Combine groups?



A.  If groups are of equal size, multiply.*



B.  Otherwise, add.


II.  Separate a group?



A.  If parts of the group are equal, divide.*



B.  Otherwise, subtract.


III.  Compare two groups?



A.  If to find a difference, subtract.*



B.  If to find a ratio, divide.

*Eliminate these for primary-grade students as needed.


Advanced Version Showing Properties

	
	Combining 


	Separating  (comparing)
	

	(Inverses)
	Addition
	Subtraction

(comparing to find differences)
	GROUPS OF ANY SIZE

	(Inverses)
	Multiplication
	Division

(comparing to find ratios)
	GROUPS OF EQUAL SIZE

	
	Properties:

associative

commutative

identity
	No standard properties

one-sided identity

statemental commutativity*

* 8 ( 4 = 2 (  8 ( 2 = 4
	

	
	Distributive property of ( or ( over + or (
	


Figure 3-1   Talton’s Thinking Approach to Problem-Solving
The notion of fraction has three or four aspects, depending on who created the schema.  Four aspects will be presented here.


The Fraction Concept

· Fractional part of a whole.  If a candy bar is cut into four equal pieces and three are eaten, then 
[image: image1.wmf]3

4

 of the bar has been eaten.

· Fractional part of a group.  If twelve people are in equal groups at three tables, two of them square, then 
[image: image2.wmf]2
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 of the people are at square tables.  No cutting is done.

· Ratio, including per cent and degree measure of angles and arcs.  Of every 1000 people in Sri Lanka, 512 (or 51.2%) are female.  Ratios are often left unreduced.  This sometimes clarifies meaning, as in 60%.

· Division.  The fraction 
[image: image3.wmf]23
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 equals 5.75, and division establishes the equality.  Division is often expressed with a fraction bar.  In this sense the ratio aspect is usually hidden (5.25 = 
[image: image4.wmf]5
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1

.

).  

Figure 3-2

Whenever a mathematically-literate person encounters a fraction in a real-world situation (time signature in music, results of a poll, length measure), the collection of aspects of fraction meaning listed above become active in the mind as a set, as an associative network.  The situation is matched with one or more of the aspects listed; understanding is obtained, and working with music, popular image, or length, is enabled.   

The varied aspects of the meaning of fraction are difficult to digest.  Most people who are comfortable with fractions arrived at the level of comfort with great courage and persistence, applied in many diverse situations over many years.

The typical elementary textbook exacerbates student confusion and subsequent anxiety concerning fractions.  Typically, one early chapter develops the first aspect.  A much later chapter develops the second aspect, without review of the first aspect.  The typical book gives no attention to the fact that the same symbolism is used for both a new and a vaguely-remembered, older idea.  An environment has been established for student confusion and erosion of confidence.  

The helpful teacher reviews the first aspect daily while the second aspect is being introduced.  Confronting such probable points of confusion, together, briefly, and daily, helps develop associative networks.  The teacher may also verbalize about the natural state of discomfort:  “If you’re feeling confused about fractions right now, the problem is not that you’re not smart or that fractions are impossible.  We’ll keep on reviewing this every day for a while, and then you’ll get used to fractions.  Some time later, you will study two more aspects of the idea of a fraction, and you will get familiar and smart about those also.”

Vocabulary is as critical in the study of mathematics as it is anywhere else, and Bower’s principle is equally helpful.  Figure 3-3 shows an organizational schema for vocabulary terms in geometry.  Without a schema, such vocabulary constitutes a pile of ideas that can be a source of despair.  
A schema for organizing these geometry terms for initial understanding is based on a distinction that applies in all academic areas.  The distinction is between vocabulary terms that apply to just one geometry idea or entity (classification) and those vocabulary terms that apply to two geometric ideas or entities (relationship).  In Figure 3-3, for example, the entity “angles” shows classification into the exclusive categories “acute”, “right”, and “obtuse”, as in all textbooks, with some textbooks also including “straight” and “reflex” classifications.  When shown a single angle, a student should be able to classify the angle as representative of one of these classifications.  No angle can be classified in more than one of these ways.   

Angle relationships, on the other hand, involve two angles at a time.  Two angles are vertical to one another if they are across from each other when two lines meet.  A single angle is never classified as vertical.  Vertical angles always have the same measure.  Likewise, two angles are adjacent under certain circumstances.  A single angle by itself is never classified as adjacent.  
Seven such angle relationships are listed.  More relationships exist, such as “equal to”, “greater than”, “congruent to”, and so on.  Those listed are related more exclusively to angles than the others, and are those that tend to give students the most trouble.   

Note also in Figure 3-3 that there are two distinct classification systems for triangles.  Without the Bower-like schema, many students are unaware of these terms applying to distinct classification systems.  
Geometric Classification & Relationship

 
Classification: categorizing one at a time.

Relationship: connection between two things.

	ENTITY
	CLASSIFICATION
	RELATIONSHIP
	

	SETS of POINTS 

in one dimension
	line, ray, segment
	coincident, congruent
	H

O

M

O

G

E

N

E

O

U

S



	LINES or CURVES
	plane, simple, closed, simple-closed, polygon
	intersecting, skew, perpendicular, parallel, coincident
	

	ANGLES


	acute, right, obtuse

straight, reflex
	vertical, adjacent, corresponding, alternate interior, 

alternate exterior, 

supplementary, complementary

congruent
	

	POLYGONS
	concave, convex
	congruent, similar
	

	CONVEX Polygons
	regular, irregular
	congruent, similar
	

	SOLIDS
	polyhedra

prism, pyramid

other

sphere, cone, cylinder, solids of revolution
	congruent

similar
	

	TRIANGLES
	sides:      equilateral, isosceles, scalene
angles:    acute, right, obtuse, equiangular
	congruent

similar
	

	QUADRILATERALS
	square, rectangle, parallelogram, kite, rhombus, trapezoid
	congruent, similar
	

	LINES/SEGMENS in or about a circle
	radius, diameter, chord, tangent, secant
	H  E  T  E  R  O (
G  E  N  E O  U  S

	ANGLES in a circle
	central, inscribed
	

	Lines, Rays, Segments in a triangle
	perpendicular bisector, altitude, median, 

angle bisector
	

	ATTRIBUTES
	length, area, volume; velocity, mass, age, magnetic flux, 
uster, electrical charge, momentum, temperature
	


Figure 3-3
The chart for the vocabulary terms above should be posted along with examples for ready reference.  When distributing copies of the above chart to students, two reference pages are also given.  See the web site.  The point must be made that a student’s being able to list all of the line relationships is only a good start.  Listing and exemplifying them is better, and applying the terms correctly to apply theorems is critical.
The schema that follows is more cerebral in that vocabulary is not the focus.  No new vocabulary is to be seen.  A connecting principle is stated and exemplified, and then offered as a way to help students perform with understanding.


Addition Concept Connection:

WE ALWAYS ADD (AND SUBTRACT) LIKE KINDS
	Issue
	Use of Connection

	Whole numbers
	We don’t add pigs to horses until we give them a larger name: livestock.

	Common fractions
	Common denominators give denominators a larger name (usually).

	Decimal fractions
	We line up the decimal points (NOT the right-hand edge) to add like kinds.


Comparing Common Fractions 

and Comparing Decimal Fractions

We can use the same general strategy for comparing two or three (or more) common fractions or decimal fractions.  That strategy is 


1.  Set the fractions up as if to add.


2.  Rewrite fractions with a common denominator.

The idea of a common denominator is not normally in our thinking when we set up decimal fractions to add.  In this case we attach zeroes to the ends of decimal fractions that don’t have as many digits to the right of the decimal point as the others.  We haven’t changed the size of the decimal fractions, and if we hurry no one will catch us violating rules about rounding and significant digits.

	SO
	.1854

.2

.186
	BECOME
	.1854

.2000

.1860


Now there are common denominators (just read them to confirm), and comparison is easy.  Be sure that the original numbers are written, not those with extra zeroes, and in the required order of size.

When asked what area is, most people will respond, “Length times width.”  Confusion is thus revealed.  Length times width will help find or calculate rectangle area, but what area is differs from how it is found. Erasing this confusion may speed the initial learning of all three measures, as well as the associative network related to measurement.  

In this hope and expectation, the following organizational schema and teaching ideas are provided for students in handout form or as a classroom poster.  These  “Likenesses & Distinctions” provide an excellent example of the power of generalization and discrimination on learning.  The likenesses include definition form and the relationship of each to a rectangular solid comprised of cubes.  The distinctions should mirror the differences between raindrops, polar bears, and bells.  

Perimeter/Area/Volume 

Likenesses & Distinctions

Perimeter (distance): number of segments* needed

to measure distance around (distance).

Area: number of squares* needed to cover a surface.

Volume: number of cubes* needed to fill a space.
*of uniform size



	Connection activity: Examine a rectangular solid of cubes (Unifix or unit cubes, etc.), as in the illustration:

Answer these questions that require "gearshifting" between perimeter, area, and volume, to compensate for the usual fragmented treatment of these ideas given in most textbooks.  
	


   "What is the perimeter of the top face?"

   "What is the area of the top face?"

   "What is the volume of the entire solid?"
The same solid and questions may be used tomorrow, but pertaining to a different face.  One might be inclined to ask, “Why squares for area, not triangles?  Why cubes and not pyramids for volume?”  The answer appears to be a matter of historical and multicultural practice.

Figure 3-4

Learning to read numbers is easier if the numbers are large enough to allow the learner’s mind to see patterns.  First graders can easily visualize numbers like billion if given a good opportunity.  

Reading and Writing Whole Numbers

and Decimal Fractions


	
	
	ten-millionths

	
	
	millionths

	
	
	hundred-thousandths

	
	
	ten-thousandths

	
	
	thousandths

	
	
	hundredths

	
	
	tenths

	
	
	“and”

	ones
	
	(or “oneths”)

	tens
	
	

	hundreds
	
	

	
	
	“thousand”

	one-
	
	thousand

	ten-
	
	thousand

	hundred-
	
	thousand

	
	
	“million”

	one-
	
	million

	ten-
	
	million

	hundred-
	
	million

	
	
	“billion”

	one-
	
	billion

	ten-
	
	billion

	hundred-
	
	billion

	
	
	“trillion”

	one-
	
	trillion

	ten-
	
	trillion

	hundred-
	
	trillion


· To read whole-number parts:


· Read numbers between commas as groups

· Read comma names as you find them.

· Read the decimal point as “and.”  

· To read decimal parts:  

· Recopy numbers after decimal point without writing the point.

· Put commas in if needed, as with a whole number, right to left.

· Read or write the number as if it were just a whole number.

· Finish with name of place of last digit from the decimal chart.

Figure 3-5
Visualizing billion can be achieved with an activity such as the following, with frequent reference to the chart:
“I have a bundle of ten toothpicks.  Here is another, and another.  Ten, twenty,…, one hundred.  I have ten bundles of ten toothpicks each.  I have one hundred toothpicks.  I put these ten bundles in a baggie.  
“I have ten such baggies.  One hundred, two hundred, …one thousand.  I have ten baggies of one hundred toothpicks.  All go in a lunch bag.

“I have ten such lunch bags.  One thousand, two thousand,…ten thousand.  I have ten thousand toothpicks.  All go in a grocery bag.”  On to…
Ten grocery bags per car = one hundred thousand toothpicks.

Ten cars per car trailer = one million toothpicks. 

Ten car trailers per parking lot = ten million toothpicks. 

Ten parking lots per town = one billion toothpicks.
And so on: counties (parishes), states, nations, sub-continents, planets…
Another tough concept is learned more easily with this handout.


Significant Digits

          Significant digits measure, as opposed to some zeroes that are merely place-holders.  Specifically:

A. One or more zeroes between non-zero digits are significant, because the assumption is that measurement was conducted at those places, and the measurement happened to be zero.

B. Zeroes between non-zero digits and the end of a whole number are not considered significant, because estimation or roundoff may have been involved.

C. Zeroes between non-zero whole-number places and a written decimal point are considered significant.  Use of a decimal point at the end of a whole number indicates significant zeroes.

D. Zeroes between a decimal point and non-zero decimal digits are not significant unless there are non-zero digits to the left of the decimal point. 

E. One or more zeroes to the right of non-zero decimal digits are considered significant, which is why decimal roundoff is so touchy. 

	     A general principle for identifying non-significant zeroes: non-significant zeroes would disappear if there were a more judicious choice of a measuring unit.  For example, non-significant zeroes will probably appear of one attempts to measure the distance from Kansas City to St. Louis in millimeters. Also, non-significant zeroes will appear of one attempts to measure the thickness of a fingernail in kilometers.  Further instructive examples are listed to the right. 

     Significant digits are important in measurement (including accuracy and precision), and in rounding.
	Example
	Significant digits

	
	357
	3

	
	35700
	3

	
	35700.
	5

	
	3057
	4

	
	305,007,000
	6

	
	.357
	3

	
	.00357
	3

	
	.003057
	4

	
	.003570
	4

	
	.0000350700
	6

	
	20.00357
	7


Figure 3-6

Two other connection posters are provided here, with an organizational schema provided at the end of the Roman Numerals discussion.  The entire Metric Units chart comprises an organizational schema.  Counting and numbering with Roman Numerals needs to be practiced daily.  Students need to practice recall, in order, of all of the basic seven metric abbreviations for length.  The principles of the chart need to be applied daily as well.  The most critical is, “How many centimeters are in a meter?”  When the important (non-italicized) length conversion facts are learned, the area conversions, with drawings or base-ten blocks, are begun and practices in close proximity to the distance conversion facts. 

       ROMAN NUMERALS CONNECTIONSPRIVATE 

Significance 

a) There is no zero.  b) They are still in use.  c) The system is not a place‑ value system.  The Roman numeral V is always 5, no matter where it is; our numeral 5 could be 50 or 500 or five tenths, depending on place 

Symbols

                       I = 1          V = 5          X = 10         L = 50

                       C = 100
  D = 500     
[image: image5.wmf]M

 = 1000
 
[image: image6.wmf]V

 = 5000

 

From there, any bar over a symbol means multiply by 1000.  So Roman numerals are a "multiplicative" system.

Repeating Rules

I, X, C, and M may be repeated, up to three times maximum, excepting the clock face, which has IIII for IV when IV may be misread.

"Subtraction‑Preceding" Rules   

Powers of ten (I, X, and C) may precede their multiplies‑by‑5‑or‑10 for subtraction as shown:

         I may precede V  (IV = 4)     and I may precede X  (IX = 9). 

         X may precede L  (XL = 40)    and X may precede C  (XC = 90).  


         C may precede D  (CD = 400)   and C may precede M  (CM = 900). 

 These are the ONLY times when a smaller unit may precede a larger. 

Examples



        IC is not 99 ; 99 = XCIX .             648 = DCXLVIII.

Counting

	I

II

III

IV

V
	VI

VII

VIII

IX

X
	XI

XII

XIII

XIV

XV
	XVI

XVII

XVIII

XIX

XX
	XXI

XXII

XXIII

XXIV

XXV
	XXVI

XXVII

XXVIII

XXIX

XXX
	XXXI

XXXII

XXXIII

XXXIV

XXXV
	XXXVI

XXXVII

XXXVIII

XXXIX

XL
	XLI

XLII

XLIII

XLIV

XLV
	XLVI

XLVII

XLVIII

XLIX

L


Figure 3-7

Metric Units    

	Distance

	
	Area
	
	Volume
	

	km


	
	km2
	
	km3
	

	hm
	
	 m2    
	= ha
	hm3
	

	dkm
	
	dkm2   
	=a
	dkm3
	

	m  
	
	m2
	
	m3
	

	dm
	
	dm2
	
	 dm3
	= L

	cm
	
	cm2
	
	 cm3
	= mL

	mm
	
	mm2
	
	mm3
	

	10 of each unit in one of the unit immediately above
	
	100 of each unit in one of the unit  immediately above
	
	1000 of each unit in one of the unit immediately above
	


Distance units in italics are seldom used.

Figure 3-8

A schema to show what the field of language arts is, and how it is organized, was developed by Sheila Hartzler and Dr. Colleen Walker.  Students may benefit from understanding the structure and organization of language that is depicted here, and from seeing goals of language study.           

Schema for Language Arts

	Language Arts  (communication?)

	v o c a b u l a r y   v o c a b u l a r y   v o c a b u l a r y   v o c a b u l a r y



	f l u e n c y & c o m p r e h e n s i o n       f l u e n c y & c o m p r e h e n s i o n



	Reading
	English
	Spelling
	Writing

	A.  Narrative

   Fiction

B.  Expository

   Non-fiction:

     biography

     science

     social science
	Sentence  

   structure and 

   syntax

Grammar

Parts of speech
	Alphabet

   consonant 

      blends

  diphthongs

Patterns

Meaning 
	Purpose (goals)

Genre

Audience

Knowledge

	decode

(also listening)
	encode and decode
	encode

(also speaking)


Figure 3-9
An outline of the study of algebra at various levels provided an associate of this writer to suggest that all disciplines can be organized for student benefit using similar schemas.  The original schema for algebra…

(circle chart from NWMSU)
The upside of the struggle for initial learning is the Bootstrapping Model or principle as outlined in Cognition by Glass and Holyoak (1986).  This first paragraph is from the book:

The first time that a complex visual input is processed, the representation that is ultimately retained in memory is considerably simpler than its perceptual representation.  For example, often the first time you meet a person, visit a new location, or see a new picture in a book or art museum, you later can conjure up only a vague image of what you saw, though of course you perceived it perfectly clearly at the time.  On subsequent occasions when you see the same person, picture, or locale again, its perceptual representation reactivates the representations from previous exposures. And each time an additional, slightly more detailed representation, with a few more features, is retained in memory.  So a succession of exposures to the same input leads to a whole set of similar, successively more detailed representations in memory, until at some point there may be no new features to add.

A classroom application derived from this Bootstrap Model:  

· Give students 5-15 minutes of instruction and experience with new material, including opportunity for original thinking/application.  

· Next, de-activate; go back to yesterday’s new topic and revive and extend that topic.  

· Third, review even farther back. 

· Fourth, re-activate today’s new material and extend for a bit.  

· Expect no full comprehension of the day’s new material until revisiting and embellishment has occurred for several days.

A helpful graph of activation levels as the Bootstrapping principle is applied is shown here.  






(Caption from textbook)
This graph shows the power of doing a study of the nature of light in suspenseful stages.  It is also helpful with children’s literature.  An example used often by this writer and his wife is “Spotty the Turtle Wins a Race” from Old Mother West Wind by Thorton Burgess.  In the first third, Peter Rabbit, Reddy Fox, and Billy Mink argue with each other concerning which of then is the fastest, and an elaborate race is arranged to settle the question.  At the last minute, Spotty the Turtle is derisively invited to participate, and he accepts.  The first third of the story ends with Grandfather Frog saying, “Go!”, and class discussion ensues.
A sample list of questions for students to contemplate follows:

Spotty the Turtle 

Discussion Questions

1.  Have you heard of a story like this before?  Describe it.

2.  How is this story like the one you heard before?

3.  How is this story different?

4.  Will these differences affect the outcome of the race?

5.  Will these differences affect the rabbit’s attitude/behavior about 

the race?


6.  What do you think will happen next?

The last question can be a matter of small-group discussion first, from which ideas are shared with the class.  The balance of the class period is devoted to (A) the second third of what was started the day before, and to (B) the final third of what was started two days ago.

In this manner, students are sent home to ponder, and eagerly await the next day of school.

On the second day of Spotty the Turtle, the first third is reread and the discussion is reviewed.  The second third is reread and discussed with questions including

· How does this part blend with the part we read yesterday?

· How did this part match our guesses and predictions?

· How do you think Spotty will win now?
The third day begins with a recap of the previous two days, and the final third is presented.  Information processing is deep and enduring because

· Involuntary attention was engaged through familiarity and challenge.

· Students were asked to talk about the story with each other and the class.

· Comparisons were solicited with regard to a well-known Aesop fable.

The information may be processed more deeply by older students in the following manner.


First, the teacher prepares the class by saying, I am going to read something to you.  I want you to listen only, making no notes.  When I stop reading, you will write what you remember.  After that, I will give you a written copy, which you will use to check what you wrote.  You may then add to what you remembered, or correct what you wrote the first time.


The teacher then follows through.  When students have made corrections, the teacher asks students to share what they remembered without prompting, perhaps with small groups first and then with the entire class.  

Where is the information processing?  (Metacognition, or learning to learn, might be enhanced here by the teaching pointing out the following at some stage.)

The information processing began with involuntary attention.  The teacher issued an expectation, a bit of a challenge.  You listen, then try to remember.  The title engaged familiarity.  Stories in general feature organization so extensively that the typical story needs little review for recall of at least the gist.

The processing continued as the students attempted to recall what they had heard, and changed the auditory representation to writing.  
Then the students read what they heard, and compared the reading to what they had remembered, making notes on key points that they had forgotten.  


This was further changed to speech, which, because of the complexity of speech production, is the most stressful thing we do voluntarily to our central nervous systems, and is among the deepest kinds of processing.  Sharing with small group and then the class adds the stress of public presentation to the depth of processing, this stress so intense that citizens of the USA dread speaking in public more than death or anything else.  
The final kind of processing was trying to use the information and discussion to predict what would happen next.         

Again, in spite of the depth of this processing, recall the next day will be minimal, unless the student recalled the story after deactivation, as in sharing the story with family at the supper table.    


Nearly every story in children’s literature can be made suspenseful in this manner, as can events in history and developments in science.  And the classroom application exactly follows what happens with learning per the Bootstrapping principle.  It also overlaps strongly with the next chapter on recall.   
An example of an initial-learning poster that could grow as a school year progresses has a purpose of clarifying the varied roles of variables in algebra.  Variables are used in many different ways in algebra.  The typical algebra teacher is long accustomed to these varied roles, and has forgotten his or her own initial confusion.  The confusion of students is usually evident when the following occurs, if not before.


Having solved equations using one or two steps, students are ready to use commutative and associative properties to simplify equation members of three or more terms before solving.  The teacher wants to inductively (developmentally) present the commutative property.  The teacher shows several examples from arithmetic, writing and speaking.


“Three plus four is the same as four plus what?”  With class help, the teacher writes “3 + 4 = 4 + ____” and then “3 + 4 = 4 +3.” Several similar examples follow.  Then the teacher climactically writes


“x + y = ______”  and with class help writes x + y = y + x .


Roles of Algebra Variables

A.  An unknown number in an equation used for solving practice:  
x + 2 = 5 ( x
 
B.  An idea in a word problem:  x = the first odd integer

C.  A specific idea in a formula: 
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D.  A non-specific number in a property statement:                          
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E.  A variable in an expression for simplification practice:   
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F.  A constant, such as the a, b, and c in   
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G.  Substitution practice:  If x = 4 and y = −2, what is
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H.  The name of a set:  I = {…-3, -2, -1, 0, 1, 2, 3,…}

I.   Labels for axes, as the x-axis, y-axis, z-axis.
Figure 3-

The teacher then shows how this property is used to simplify members of equations, so the emphasis on solving resumes.  A few minutes later, however, a student hand goes up.  The student says, “Go back to the equation with both x’s and y’s.  Should we solve for the x or the y?”

At this point, if not before, the teacher should begin to explain to the class that variables are used in many different ways in algebra.  An organic classroom poster may be started, added to as the “roles of variables” list expands throughout the course.  At the point of the discussion above, the list would include a few at the top of this list.  
This poster would hang on the classroom wall and be added to as needed.  For example, at some point later in the year, the teacher can makes further use of this issue as follows:


“Today we study an algebraic function.  We label algebraic functions using alphabet letters to keep them separate.  This may be confusing, so let’s review our “Roles of Variables” poster and then add 

J.  Distinguishing one algebra function 
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 for ease in discussion and thought. 

The next classroom connection poster idea carries the name (for now) “Cevian and Construction Lines/Rays/Segments (CLRS) in Triangles”

A cevian is a line or segment (A) containing the vertex of a triangle (or tetrahedron) and (B) intersecting the opposite side (or face).  A median is always a cevian.  An angle bisector is always a cevian since it is a ray with the vertex as an end point.  An altitude is often a cevian, but two altitudes of an obtuse triangle are not.  Perpendicular bisectors are cevian only when they are also altitudes

Thus there is no general name for the four construction lines/segments/rays in a triangle that are listed below.  Nor is there a general name for the four intersection points.   Three of these intersections are collinear, making a Euler line.  Proposed: celers, for CLRS, for construction line/ray/segment, and celers intersections. 


Cevians and Construction Lines/Rays/Segments (CLRS) in Triangles
	Construction Line/Ray/Segment

“CELERS”
	Intersection
	Significance



	Angle bisector  (ray)
	Incenter
	center of inscribed triangle

	Perpendicular bisector (line)
	Circumcenter
	center of circumscribed circle

	Median*  (segment)
	Centroid
	center of mass;  centroid also divides all three medians into parts with 2:1 ratio

	Altitude**

(segment)
	Orthocenter
	is vertex for three other 

triangles that replicate orthocenter concept***


* segments connecting vertices to midpoints of opposite sides.  Each median cuts the triangle into two triangles of equal areas.

**  Together, the three altitudes of an acute triangle divide the triangle into six triangles, which are similar to each other in pairs by virtue of vertical angles. 

***If P is the orthocenter for 
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, B is the orthocenter for 
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, and C is the orthocenter for 
[image: image17.wmf]ABP

D


The next classroom connection poster is almost certainly incomplete.  The number one appears from out of nowhere, or so it seems, in a variety of places in algebra.  The concept of “default value” certainly applies. Providing a list such as the following may be helpful, or at least comforting, to students:


WHERE DID THAT ONE COME FROM?

a + 4a  =  1a + 4a  =  5a
a(a3 = a1a3 = a4
    and    
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2x + 2 = 2x + 2(1 = 2(x + 1)     and    y2 + y = y2 +1(y = y(y + 1) 
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An outline form for a classroom connection poster is suggested here for reciprocal vs. inverse function confusion, which is easily acquired in trigonometry.  Basic algebra students think of reciprocal and multiplicative inverse in the same breath, or should.  The terms “inverse” and “reciprocal” have distinct meanings when applied to functions in general.  When applied to the trigonometric functions, particular examples of “Inverse” and “reciprocal” are given special names.

Reciprocal Function vs. Inverse Function

for Trigonometry
I.  Basic function distinction


A.  Inverse functions are produced by



1.  Switching x and y in functions and solving for y 



2.  Switching x and y in ordered pairs like ((5, 20) or charts



3.  Reflecting a graph across the y = x line (45()



4.  Writing f (1(x)


B.  Reciprocal functions are produced by

1.  Writing fraction: numerator = 1, denominator = f (x).

2.  On graphs, switch asymptotes with zeroes and switch 

0 < y < 1 with ∞ > y > 1, and similarly below x(axis



3.  Write  (f (x)) (1 

II.  Trigonometric function distinction

A.  Inverses of trig functions are written like  


     

sin(1(x) = arcsin (x).  A principal value is Arcsin (x)


B.  Reciprocal functions are renamed.




(sin x)(1 is called cosecant = 
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(cos x)(1 is called secant = 
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(tan x)(1 is called cotangent = 
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Figure 3-

On the following page is an organizational schema for connecting the quadratic formula with graphs of quadratic functions. 
This chapter is concluded with an organizational schema showing how teacher knowledge translates into what student recall in the typical school experience.  The inside of the largest circle contains what a teacher knows about a given topic -- the teacher’s total topic knowledge.  
When the teacher considers what he or she would like to teach, a subset of the teacher’s total topic knowledge is selected on the basis of what the students should desire to know.  This subset is what the teacher would like to teach.

A further subset -- what the teacher plans to teach -- is selected, based on time constraints, under traditional circumstances.  What is actually taught is usually a subset of the lesson plan.  What is actually learned, per the Bootstrap principle, is a subset of what the teacher covers through experience, explanation, etc.  

What is recalled a day later -- no matter how rich the experience -- is a sorry subset, 20%, of what was learned.  This is what happens when the teaching is good and the learners are ready.  That teachers expect better of their teaching and of student recall ability is therefore unrealistic.  .    

Initial Intentions   Initial Learning


Teacher Knowledge


What Teacher Would Like to Teach


What Teacher Plans to Teach


What is Actually Taught


What is Learned


20%

The innermost oval shows what can be recalled 24 hours later out of what was learned on a given day.  Source: Buzan, Use Both Sides of Your Brain.
The next chapter deals with issues of recall -- not memory, which is always there, but recall.  As with anything else, if teachers expect (as they should) that students will eventually recall, then students must be given practice in recall.  
Options for Organizational Schemas

based on Innovative Learning Group © 1995

	Questions from Texts, Teachers, and Exams
	Related Thought Processes
	Schemas

(Thinking Maps)

	How is this thing or idea defined?  What is the context?  What is the frame of reference?
	DEFINING IN CONTEXT
Venn Diagram
	



	How is this thing or idea described?  What modifiers would best describe the thing/idea?
	DESCRIBING QUALITIES
bubble map
	





	What are the shared qualities of these two things?  What are the distinctions?
	COMPARING and CONTRASTING
double bubble map
	





	What are the main ideas?  The supporting ideas?  What qualities are most valued?
	CLASSIFYING
tree map
	




	What are the components?  What are the subparts of these components?
	PART-WHOLE
brace map
	





	What has happened (or will happen)?  What is the sequence of events?  The intermediate stages?
	SEQUENCING
flow chart
	





	What are the causes of the main event?  The possible consequences of that event?
	CAUSE and EFFECT
multi-flow chart
	





	What is the analogy being used?  
What is the guiding metaphor?
	SEEING ANALOGIES
bridge map
	
is to
as


is to


9  7  4 ,  8 6  3 ,  7  5  2  ,  6  4  1 ,  5  3  0  .  2 4 6  8  1 3  5 
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