Chapter IV

Recall and Synthesis

Psychology of Learning with Applications
Of all of the chapters in this book, this one on recall and synthesis has the most immediate, beneficial impact on classrooms.  The benefits for students that result from implementation of these ideas are substantial and relatively immediate (two week maximum).  The fear of losing “emergency” funding for education tempts many to cry foul at the idea that a relatively quick and high-quality fix might actually exist.

Recall must be distinguished from memory.  Memory is a quality assigned to a brain with respect to a topic that is revealed by either recall or recognition.  Recognition is more easily attained; if a topic cannot be recalled, recognition can be manifested by a stimulus, as in “Now I remember” and “jogging one’s memory.”  The distinction is also seen in kinds of exams: structured-response (objective) exams such as true-false or multiple-choice exams, as opposed to constructed-response (subjective) exams involving short answers or essays.  For students whose goals are less about actual education and more about course credits and grades, the distinction between exam types is crucial.   
For those serious about actual education, recall is a much more desirable goal than recognition.  Recall is a higher expectation.  Recall can be attained by nearly everyone, primarily the same way that anything is attained: practice.  In this case, the practice is recall practice.
Enabling students to recall can be approached through the three agencies by which the human mind learns initially: association, review, and stress.  Stress in this work means stress in benevolent degrees and with an eye to timing, which will be discussed momentarily.   
Achieving recall success in classrooms begins with recall expectations.  Recall must be expected on exams in one more way than student ability to respond with short answers and essays.  Students must be expected to recall from previous exams.  For this reason, perhaps the most critical application of principles of psychology is this: teachers must make quizzes and exams cumulative, and must support this higher expectation with agencies for developing recall ability.   

Why is this the most critical component?  Assessment drives everything else.  Cumulative exams puts teeth into what schools should be about: education.

Association   
As this is written, a football game is on.  Names of players are spoken: Benson, Ross, Young, Piño.  With association, the writer can remember the names: 
· Benson as in Benson and Hedges (a brand) 
· Ross as in Ross Sutton, a New Zealand exchange student who attended the writer’s high school, 1963-64
· Young, as in a husband-wife teaching team in suburban Chicago

· Piño, whose sister Annaleise was a student in the writer’s classes at Midwestern State University.
Thus associations can be formed.  Note that associations are often made possible because of prior experience.  The writer had to know a brand name, an exchange student, some colleagues, and a local family.  If a player had been named Brukastagle, the writer would have had no associations, and would have needed review.
Associations have great power in that recall is enabled with less effort and time.  HOMES is often used to help students recall the names of the five Great Lakes of the Midwest.  But where such associations are very helpful, the learner is not home free.  
Associations used for recall must be practiced.  Exactly what names are to be referenced by HOMES is not entirely easy, unless the student grew up in Michigan.  With time, the power of association to enable recall can be lost.   

Associations often take some conscious effort.  To make most of the associations listed above, time and thought were needed.  At times, this is not necessary, as with the local family name Piño.  Self-organizing information is also remembered with little effort, as with 
· Huey, Dewey, and Louie 

· Dewey, Cheatham, and Howe 
· “Thirty days hath September, April June, and November”

· “whiskey for my men, beer for my horses.”  

The self-organizing information is where teachers should focus their efforts.  Meaningful (semantic) associations have power over visual associations.  As the meaning of cat is enhanced by all details in an associative network, the meaning of any idea depends on the number, extent, and strength of connections in the mind.  Teacher development of schemas for communicating meaning and conceptual understanding is critical intrinsically and also for recall.  
But -- and this is where standard practice in the USA is highly suspect -- the teacher must not depend on one day’s exposure to such schemas to achieve learning.  The schemas must be reactivated on a daily basis.  The truth of “With time comes forgetting; with further learning comes confusion” applies to schemas as to anything else.  Schemas must be translated into outlines and diagrams -- with options given to students for suggesting improvements -- that are posted in classrooms.  

Again, the Periodic Table in chemistry is a great example.  Posted in classrooms, the Table enables students to learn the names of symbols and atomic numbers.  Positions on the table help organize elements by mass, valence, metallic property, radioactivity, bonding potential, and effective nuclear charge (which affects size, ionization energy, electron affinity, and electronegativity).
Posted in a classroom, students look at the Periodic Table or any such poster every day, sometimes casually, but always with effect.  A billboard works the same way: the driver doesn’t want to look, but familiarity invites (as does skin at times).  Billboards make an impression.  Hence, merchandisers and politicians pay large sums for billboard advertising.  Teachers need to make use of classroom walls and handouts to apply this principle.  Students should use organizational schemas for review and exam preparation.  
More examples of posters made by teachers and improved though classroom use are included below.  Unlike those in the section on initial learning, these are recommended for use after the topic has been introduced.  

· Circle Attribute Schema
· Equivalent Proportions

· GCF and LCM Organized

· Algebra: Exchanging Greater-Than and Less-Than

· Algebra: Six Connections for Systems of Equations

· Algebra: Two Takes on Completing the Square

The Making Sense Principle is employed as association aids recall.  The mind attempts to make sense out of what may not make sense.  This helps explain why the world is rich in bad guesses, especially the world of the young child.  Human nature tends to prompt people to sort and then to rank the categories.  Presumably, if a person were left alone in a room with a pile of rocks, the person would eventually begin to sort the rocks.  This done, the person would decide which category he or she preferred.  

The sort-and-rank tendency is helpful to humans for detecting patterns of health, danger, and so on.  Done to an extreme, the tendency to sort on superficial qualities leads to racism and sexism.  Critical thinking (discussed again under applications) is needed to rein in excessive sorting and ranking.  Teachers should keep in mind, meanwhile, that association has very deep roots in all aspects of human thought, and should be employed to make student success as accessible and complete as possible, with minimum effort on the teacher’s part.    

Discussions of association bring to mind the issue of teaching to student interests.  Some educators advocate that if teaching is aimed at the interests of students, learning will be more appealing and will be remembered better.  While there is much truth in such a prescription, teachers must be proactive in helping students learn what will be very useful to them eventually (reading, algebra, physics), often well before the essential topics appeal to their conscious interests.   

Review

For many students, nearly everything presented in school sounds like Brukastagle.  The chances of remembering new learning by association are slim initially.  Some topics have no inherent organization, such as names of presidents and court cases.  The usefulness of some learning depends on recall accuracy and speed (“recall strength”), which is a function of practice, the good practice, which entails review.  
Initially, review is necessary and sufficient for helping students recall much of the information learned in schools.  As review is not review until deactivation has occurred, and the reactivation of learned material is helpful for enabling new material, teachers can profit by having a routine of opening class daily with a rapid oral recitation review with these characteristics: 
· inclusion of highlights of the previous days’ work, and more 
· as comprehensive as possible 
· as systematic from day to day as possible 
· with gradually increasing levels of questions, require synthesis and application.     
This class opening routine is consistent with all disciplines and all grade levels around the world, outside of the USA and Canada.  With ongoing, systematic review, students in other countries recall and synthesize what they’ve learned into associative networks naturally.  Generalization and discrimination are practiced.  Confidence grows, and students stay in school. (Ninety percent Chileans graduate from high school, all at least with pre-calculus.)  Students perform well on exams that require good recall and good associative networks. 



Goshen; teacher training
In the USA, good or bad instructional approaches are credited or blamed for failure to perform on high-stakes tests.  High-stakes tests are then blamed for all kinds of ills by those who want more money and no accountability.  No cognitive psychology book has had anything to say about the importance of instructional approach; how information gets into the mind is less important than the processing performed upon that information, after initial encoding has somehow occurred.  (Something will be said about affective concerns and discovery approaches later.)  

But any link from instructional approaches to recall and synthesis appears to be the educational equivalent of an urban myth.  There are other bogus ideas about how to help children recall.  Some of these follow.  Most of these ideas have merit of some kind, but the effects of recall are functions of review, association, and (with proper limits and timing), stress.  The bogus list includes

· Activity.  Active learning is critical, but the activity itself does not involve association, review, or stress for recall purposes.
· Discovery.  A one-day discovery helps students to realize that they can figure something out for themselves, which has affective benefits. But by itself, discovery does not involve association, review, or stress.

· Manipulatives.  Manipulatives are wonderful for framing a new idea; the connection between the object(s) and the symbolic reputation is among the most difficult aspects of learning mathematics, and in many ways manipulative activities can be oversold at best and at worst counterproductive.  Here, the issue is recall, and manipulatives, without systematic reactivation of connection to symbolic representation, do not involve association, review, or stress. 

· Fun.  Fun is great if it can be done along with learning.  What is recalled is the fun, not the objective of the lesson.  Fun does not involve association, review, or stress.

· Detailed lecture.  This does nothing.

· Color.  The publisher representative said, carefully, “Our company believes that students learn better with color.”  The research evidence is to the contrary.  Students learn better in black and white, likely because color loads more onto attention capacity.  Color raises the costs of books but helps sales, again because of a myth.  Color helps communicate in a science class because color is important to life and chemistry.   

Examples exist of ongoing review routines developed for systematic, daily  reactivation of essential topics.  Perhaps the best known is Daily Oral Language (DOL).  At the start of the day or of the language arts portion, students correct errors in two sentences.  Issues include spelling, punctuation, capitalization, subject-verb agreement, and so on.  Students work alone while the teacher does housekeeping, and then the students share as a class.  Class then proceeds as usual.  Teachers report excellent progress in language arts and improved test scores.

This writer first heard of DOL when speaking at conferences about Daily Assorted Review Exercise Sets (DARES).  DARES is a mathematics program created in Oklahoma City in 1983-84, and improved on since in Missouri and Louisiana.  DARES began with a computational emphasis, with a typical daily set consisting of one addition exercise, another for subtraction, one more each for multiplication and division, and one or two involving situations where computation was not the main point.  

The recommended procedure is like that for DOL, except that teachers do the response modeling, not involving the students in discussion.  The teacher is urged to talk and write through the day’s set, clearly but at teacher speed, partly to model teacher speed and partly to save time for the new lesson.  

DARES significantly improved achievement in the Oklahoma City Public Schools and in many other districts throughout the USA.  Impetus came from the psychology research and classroom investigations on distributed practice, and from the testimony of classroom teachers who has used the Saxon program in a two-year study in the Oklahoma City Public Schools.     
Improvements made since the first have been to include more objectives wherein computation is incidental.  The computational objectives remain, however, as fact recall and algorithms have impact on ability to learn algebra and other applications.  

DARES sets were written by committees of teachers working together around a table in one writing session.  The level of the computation exercises was agreed upon and sustained for twenty consecutive days, so that students were working on recall of a collection -- the forest -- of previously-learned material, reactivating that specific collection until recall strength was satisfactory.  Then the level was raised slightly for several days, and then raised again, with one-day revisiting of easier levels occurring from time to time.  In this manner, DARES can be correctly described as systematic.  The Saxon mathematics program likewise has systematic daily review, as does the University of Chicago School Mathematics Program (UCSMP) and Glencoe.

A number of other publishers purport to have such ongoing review, but an examination of the objectives for specific points of reactivation shows little conformity to principles of cognition.  In some instances the review consists of four or five problems, all pertaining to the same review objective.  Principles of reactivation show that the students would recall better if the four problems were given on a one-per-day basis over four consecutive days, and in the company of different objectives, so that generalization and discrimination are enabled.  

An analogy to food might be helpful here.  The correct plan is like serving a salad every day, each day consisting of lettuce, tomatoes, cabbage, cucumbers, avocado, pecans, and bean sprouts.  Each day’s salad has the same ingredients, at least for two weeks.  Then some new ingredients are added, and some of the old ones move in and out from day to day.

The incorrect saladizing would have a salad as described above in Monday, then a seafood salad on Tuesday, then a chef’s salad on Wednesday, then a potato salad on Thursday.  Nothing is systematically reactivated with such a procedure, and success would remain as stagnant as with the one-day drill sets.  Many publishers of textbooks and textbook supplements have “ongoing review” material that follows this erroneous pattern.      

Science DARES

This writer’s wife created a year’s supply of DARES for fifth-grade science that follows the correct pattern (figure ??).  Note that the issues carry over from day to day, but the wording of the questions or the responses vary.  Observers were always very impressed with the science knowledge of the students.  
Science Dares Grade 5       Week of 3-8-99

March 8    1. Power is measured in _____________ and ___________ ______________.

2. Energy is measured in ___________________.

3. The ability to do work or ___________________  ____________________ is the scientific definition of energy. 

4. Stored energy as in a coiled spring is called ______________________.

5. Energy of motion, as in a moving roller coaster car, is called ___________________. 

6. Petroleum holds energy in _______________  ___________ that came from ____________.

March 9

1. When _______________  ________________ are broken, energy and heat are released.

2. The flap on a solar oven is used to reflect the ________ energy to the oven’s inside.

3. Buildings that have ___________________ walls facing __________________ can take advantage of the sun’s energy.

4. Free solar energy can power space vehicles, cars, watches, and __________________.

5. One problem with solar energy is the _________________ amount of electricity converted from the energy the solar cells receive.

March 10        1. The solar oven _______________ the energy of the _______________.

2. The solar oven’s inside is painted black because dark colors _____________ heat.

3. Other uses of sunlight are powering ________________ ____________________, cars, watches, and calculators.

4. The sun can be used to _______________ homes and buildings by having glass walls or solar collectors facing south.

5. We know that chemical bonds are broken and energy is released by the ____________ produced.

March 11.     1. The sun’s rays contain many different kinds of ________________ 




which travel through space.
2. Energy moving in waves through space is called _____________________________ radiation.

3. The speed of light is ______________________ meters per sec. 

4. The waves of electromagnetic radiation have crests and _________________.

5. The distance between a wave’s crests or __________ is called its ____________________.

March 12 

1. The ______________ ______________ captures 

the energy of the sun reflected off its flap in its ____________ interior.

2. The sun’s ________________ travels in waves such as x-rays, gamma rays, microwaves, radio waves, and ultraviolet waves.

3. _____________________ ___________________ is sun rays moving through space in waves. 

4. Electromagnetic waves travel at 

300,000,000 meters/second, which is the ______________ of ______________.
The recall ability of her students allowed Mrs. Hartzler to test for actual comprehension and application.  One such example is the Horse and Cart Question.  


Newton’s  Third Law of Motion states that for every action there is an equal and oppositely-directed reaction.  If a horse pulls on a cart and the cart pulls back with an equal and opposite force, why does the cart move?

In this manner, the daily review routine is anything but regimentation, a criticism heard often.  The daily review routine enables creative thought and application by enabling students to recall knowledge that is essential for moving to higher levels of academic endeavors. 
Algebra

This writer’s research in algebra textbooks involved development of an inventory of 1700 separate objectives from 1806 to 1982.  Most of the new objectives were found in the modern era.  With so many objectives and only 250 (or so) days for instruction shared between the two standard algebra courses, how can students learn algebra?
Engineers (people who solve practical mathematics problems as a career) often state that they didn’t really learn algebra until they had calculus.  The likely reason for this follows.  Most algebra programs feature one topic (tree) today and another topic (tree) tomorrow, but never a glimpse at the whole forest.  The forest is encountered in calculus, where, day after day, the salad of algebra is encountered systematically as the calculus is learned.  Calculus teachers consistently assert that eighty per cent of questions asked in a calculus course pertain to algebra, not calculus.  

Some teachers have decided to help students deal with the forest or salad as a part of the algebra course.  DARES-type supplements that address recall issues, as well as traditional sticking points, might look like the following:

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


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


	5.
	a2(a3) =           
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An algebra teacher who believes that there is sufficient educational power in looking at one tree daily, without routinely looking back at previous trees, should try such a review set on his or her students.  It may be the case that no one sees such a set in the practical world; it remains true, however, that no one can claim to know and understand algebra without knowing how to simplify such basic expressions side-by-side -- the forest.  

The discussion above is familiar to many in terms of context, which is also an important issue for psychologists.  Unless what is newly learned is nested into the context of what is previously learned, the new learning is very weak, if not worthless.  Teacher avoidance of such truths leads algebra students to mixing various distributive properties when attempting to square a binomial.  
Origin with Thorndike

The question arises: if other countries outside of the USA and Canada do this, who or what made the difference?  Part of that answer lies with E. L. Thorndike of a century ago, and the human-nature tendency to sort and rank.  Somehow Thorndike was perceived to be wiser than most, and his suggestion to segregate such topics as addition facts from multiplication facts was respected.

Thorndike’s logic, born out readily by teachers, was that leaving the addition facts aside to rot while students learned multiplication facts would speed up student assimilation of the multiplication facts, hastening the day when they could perform perfectly on a test.  Lost in the discussion was the idea that the main purpose of schooling was education, not performance on a test of isolated material.  The purpose of schooling was becoming competent for facing the real-world shifting between addition and multiplication, as when solving problems or working in algebra or geometry or statistics.  (Today, the purpose of schooling has evolved, so that now it consists of becoming convinced of one’s supposed individual academic handicaps.)
What Thorndike advocated, and what we now need to return to, is the common sense that where students may need some daily focus on multiplication facts only, at one or more points each day the students also need review on addition facts, and perhaps from the outset some moments of underscoring the distinctions: “What is 3 +2?”  “Now what is 3 × 2?”  
Writing one’s own DARES
The principles that support daily review routines such as DARES and DOLS apply to all academic subject areas, as well as sports, fine art, and performing arts.  Teachers have expressed strong interest in writing their own DARES for various disciplines and grade levels, and have found help in the following guidelines for such writing.

Benefits of 

Ongoing Review/Distributed Practice 
and Recall Ability

· More complete individual learning

· Recall

· Faster, more accurate recall (recall strength, automaticity)

· Generalization/discrimination

· Associative networks

· Better performance on unfamiliar material

· Domain knowledge for application and problem-solving

· Confidence, enjoyment, curiosity, persistence

· For populations: diminished Matthew Effects

Levels raise

Graph again of activation levels

Natures forces overcome and made helpful

The discussions of association 
Stress

We recall better those topics that we succeeded in recalling and using on an exam or at the chalkboard with classmates watching.  Successful recall under the stress of an exam or of public performance is one that can help students to recall even more quickly and accurately in subsequent circumstances of any sort.  
Teachers must exercise much care, therefore, in this application.  The key is success in stressful conditions.  Unsuccessful efforts under stress can be counterproductive.  Students should be given the chance to recall in recitation such as review routines, then the daily quiz, and then on exams and solo performance for the class.  

Chances of success in the daily (cumulative) quiz can be enhanced by a “quiz rehearsal” at the start of class like DOL and DARES.  The quiz rehearsal consists of questions on issues very much like those on the end-of-class quiz.  After attendance has been taken, the teacher provides answers and responds briefly to questions that arise, and then class is conducted as usual, with the quiz at the end.  Success is quite likely for students who have otherwise paid attention and done assignments.   
As mentioned earlier, speech is the most stressful requirement that a person places voluntarily on his or her central nervous system.  This helps explain the power of one-on-one recitation, such as flash-card work or card games involving addition facts.  Discussion groups and group projects in class can have the same power, provided that everyone is engaged in the thinking and discussion.  Study groups for secondary and post-secondary groups are especially powerful for routine out-of-class assignments.  

The ultimate stress experience may be interscholastic competition.  Such competition commonly involves working with teammates against teams from other schools, often those involved with athletic competition.  Representing one’s school can bring on new levels of stress.  Contented, confident students who are always at or near the top in their classes find a larger pond in interscholastic competition.  Eventually they find new levels of comfort with stress, and higher levels of successful experiences to recall. 
Memory Strength
Memory strength (speed and accuracy of recall) is important for enabling new learning in two ways.  First, new learning requires available attention capacity.  If attention is taxed with recall struggles, attention is not available for absorbing new inputs as they should be absorbed.  Second, new learning requires that relevant prerequisites be recalled quickly and accurately.  Opportunity for new learning is optimized, therefore, by automaticity of recall, by memory strength.   

A classroom example is reading.  Automaticity of basic reading skills (phonetic decoding, word attack, word recognition) leaves attention capacity available for comprehending what an author is saying.  If a reader struggles to decode words, attention is not available for comprehension. 

Many classroom examples exist in mathematics.  Among the first complex tasks that students encounter are multi-step word problems and long division.  Automaticity of the combine-separate-compare  questions for single-step word problems will aid in multi-step problems; automaticity of basic facts, and of the subtraction and multiplication algorithms, makes learning the sequence of division steps much easier.  If a student gets stuck on how to divide or multiply, that student is likely to lose the flow of the division steps.

Likewise, a student who struggles with basic multiplication facts will more likely get lost when simplifying  
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.  Less attention will be available for understanding the distinctions between coefficient and exponent issues.
Automaticity is needed for accessing domain knowledge when solving problems.  Counting squares (of any size) on a standard checkerboard is more easily solved by pattern detection, if the solver’s domain knowledge of multiplication facts is capable of quick, accurate activation.  The same applies to discovery in science, according to Klahr.  The scientist must be able to search domain knowledge for available experiments, hypotheses, and instruments in order to work efficiently.     
Affective impact of ongoing review is worthy of note.  As with athletes, drama students, and musicians after practice, students come away from DOL and DARES routines with the realization that they are getting better every day.  

Students in holistic mathematics programs are overheard reminding classmates when they thought a particular type of exercise was difficult.  Implication?  “Look at the mountains that we have conquered.  Put more mountains in front of us.  In time, we will conquer those as well.”   
Minco, OK and OKC 

Bogus ways revisited

Description of lids tape and tennis balls from tapestry

The teacher who teaches such an awesome lesson is tempted to feel that the labor is done.  Even with students attempting to describe in writing what was done and learned, and with applications to specific dimensions of circles, an attempt to get students to recall what was done with lids and tape 24 hours later will be source for bitter disappointment.  The teacher will now be tempted to think that he or she just “doesn’t have it” to be a teacher, or that teaching is impossible, or that his or her students have undiagnosed academic maladies.  

All of this angst is a product of excessively high expectations.  Nothing of any merit or meaning is learned in 24 hours.  The teacher needs to show the tape and lids, and then ask students to recall as the teacher begins to wrap tape.  As with episodic or story memory, some initial cues will get recall started.   More application and writing what was done and learned are in order.  Recall will be easier and quicker the next day.

After a week or so of polish on the lesson and the implications, the tennis-ball can problem should be introduced.  A piece of cardboard with the same height as a stack of three tennis balls and a width equal to about 75% of the height is wrapped around the stack.  Some of each tennis ball should show.  The problem is, “Which is the greater distance, the height of the stack or the distance around?”  

The typical answer, of course, is “Height.”  That’s what makes this a great problem.  The teacher should ask, “How do you know?”  The likely response should be, “It looks larger.”  The teacher should then protest that looks aren’t good enough.  Some classic optical illusions or reminders of “magic tricks” should satisfy students that a better rationale will be needed to justify the answer.

Whereupon the issue should be dropped for another 24 hours.  The next day should begin with another lids and tape review, followed immediately by the problem of the can of tennis balls and the request for a reason why the height is greater.  After a few days of this, students will begin to wonder why the teacher keeps doing the two activities together.  
One morning, a student will get out of bed and be hit with the connection between the lids/tape activity and the tennis ball question.  The height is three tennis ball diameters, and the distance around is three and a bit more.  The ongoing review of the two ideas in close proximity to each other, and the natural tendency of the human mind to look for and make connections, will permit an association to form between the ideas.  (If the teacher is approached privately about the discovery, the student can be encouraged firmly to not spoil the fun for classmates.)   

In this manner, true principles of learning are illustrated, and bogus methods are exposed.  The true principles:
· Students forget, even good students taught well by exceptional teachers.

· Small amounts of ongoing review will achieve what one golden day can never achieve.

· Problem-solving takes time, and time should be allowed.

· When teachers want students to make connections, ideas with potential for association should be presented in close proximity on a daily basis.

The bogus principles:

· Hands-on experiences, or group-learning experiences, or application experiences are remembered better than others.  All have merit, but recall is not one of them.

· Problems like the tennis-ball can problem can be solved realistically in a few minutes, and can be used as a jumping-off point for a new lesson (problem-approach to instruction).
The Matthew Effect

The Johnson-Uhl experiment
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