Chapter VIII
Affective Outcomes

Psychology of Learning with Classroom Applications
Motivation

Classroom management
Many people find refreshment in walking in a forest, or gazing at a star-spangled night sky.  The intricacy of forest life, the array of shades of green color, the sight of seemingly countless stars at unimaginable distances, and the attendant feeling of insignificance have a common calming influence and lend healthy perspective to human existence.  Children who have not set foot outside of a big city for the first 12 years of their lives express amazement at their first such personal experience with nature.  Those who have grown up with nature’s beauty feel compassion for such deprived children, as for children deprived of family, good friendships, or great music.


Educators who have seen the beauty of mathematics should likewise feel compassion for those whose mathematical experiences have been similarly empty, as if merely seeing one tree at a time or one star at a time.  Properly experienced, the holistic vista of mathematics is as awe-inspiring, humbling, and refreshing as a pristine forest or a star-spangled night sky.  

Where not every child can grow up near a forest or under an adequately-dark night sky, there is no valid excuse for depriving children of the daily refreshment of a successful experience in the majestic spectrum and fiber of mathematics.  In such deprivation there is only self-serving cruelty to individual children and harm to present and future society as a whole.  

But this deprivation of the positive experience of mathematics is a strongly dominant fact of life in what may be called the young profession of mathematics education, inordinately influenced by venerable and honored but immature professionals.  

Providing the positive experience of mathematics to as many children as possible is one of the few joys that can surpass the personal mathematical experience itself.  That’s the mature, helping profession of mathematics education, the one that might calm the nation’s children away from the high-risk behavior that is often born of deprivation, and assist students toward productive lives that grow from appreciation of beauty, life, and self.
Consequences of Curriculum Design and Practice Design Options

Stan Hartzler -- Midwestern State University

What happens in the learner’s mind after initial learning?  What happens in the learner’s mind even after great initial learning?

If supported by standard curriculum design (units, chapters, courses) and standard practice design (drill), here’s what happens to learning:
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If supported by psychologically-sound curriculum design (no units nor chapters nor courses) and practice design (systematic salad review routines), here’s what happens to learning:
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“The enormous usefulness of mathematics in the natural sciences is something bordering on the mysterious and… there is no rational explanation for it.

“We are in a position similar to that of a man who has provided with a bunch of keys and who, having to open several doors in succession, always hit on the right key on first or second trial.  He became skeptical concerning the uniqueness of the coordination of keys and doors.”

                   
Eugene Winger (Nobel laureate                       

                                          for quantum mechanics)

       
“The Unreasonable Effectiveness of Mathematics 

in the Natural Sciences”   

Symmetries and Reflections: Scientific Essays

 “One cannot escape the feeling that these mathematical formulas have an independent existence and an intelligence of their own, that they are wiser than we are, wiser even than their discoverers, that we get more out of them than was originally put into them.”




Heinrich Hertz, discoverer of radio waves 

in Bell, Men of Mathematics

 “That mathematics, and emanation of the human mind, should serve so effectively for the description and understanding of the physical world is a challenging fact that has rightly attracted the concern of philosophers.”

Richard Courant

“Mathematics in the Modern World”

Scientific American, 1964

 
“How can the manipulation of symbols that we alone make (and sometimes break), reveal that which lies beyond our senses? …[This question] is one that is unlikely to receive a satisfactory answer…

“The ultimate secrets of nature are written in a language that we cannot yet read.  Mathematics provides a commentary on the text, sometimes a close translation, but in words we can read because they are own.”


Sir Oliver Graham Sutton




Mathematics in Action, 1984

Motivation Ideas from The Master Teacher
The Master Teacher was (is?) a series of pamphlets distributed to teachers on a weekly basis by school districts that subscribe.  Each pamphlet is based on a theme, and often the theme is motivation. As with the other themes, the ideas on motivation serve to remind or inform teachers of important aspects of teaching responsibilities. 

Some of the highlights of the Master Teacher hints on motivation are summarized here.

From "Four Techniques That Work" (1977): 

The Assumptive Technique: "Simply present the assignment and assume through both attitude and action that the assignment can and will be done."

The Choice Approach:  "Simply give the students a choice of two or three things to do and walk away as soon as they make a choice.  The choices should be of equal value." 

The Minor Point Technique. Make the reason for your speaking with a student something other than the task they are to work on.  "Do you have a pencil?" "Does your pen work?" "Is your pencil sharp?"  "Do you have enough paper?"

The Physical Action Technique.  "A teacher must do something physical to get things started and take minds away from the issue of trying. Many physical actions can be employed."  One suggested action: students should place a marker or their hand in a previous page in the book (or a paper clip next to a particularly helpful example or reminder in the text) related to attempting new exercises.

"The Master Teacher knows 'I can't' usually means 'I'm afraid.'" "Once we get these students to try, half the battle is won." 

From "Three Major Motivators" (1978): 

"The strongest and most prevalent individual motivator is personal gain."

"People are also highly motivated by what causes or enables them to feel important, win approval, or gain recognition."

"The third motivator is pleasure...it's dangerous to take the fun out of a classroom." 

From "Stimulating Student Interest" (1976):

"Getting people to listen is not impossible...There are two teaching techniques that facilitate group listening in the classroom.  First, teachers must arrange the message of their lessons so that it has a personal impact on the life style of students wherever and whenever possible." "Second, teachers must have the respect of their classes, or listening is impaired." 

From "Staff Responsibility" (1977):

"Students with ability feel ignored or unchallenged by classroom work or routine. For them, school can be described in one word: easy. After the beginning of the year, their morale decreases by the week." 

"Teachers fail to let students know the importance and relevance of their work."

"Physical environment does not reflect the importance of school tasks."

"Students feel they cannot initiate ideas, projects, or actions because they will be blocked by authority."

"Students are either confused about what is expected of them or why it is expected."

"High morale for teachers and students alike requires connecting...One of the reasons why our morale was so high at the beginning of the year was that we were reaching out to students and they were reaching out to us...The Master Teacher accepts the fact that the teacher is the school and classroom climate leader."  The good teacher "...always moves closer to students at the first sign of lows." 

From a variety of editions, "Master Teacher Tips for Student Motivation":

"If you want your class to enter the classroom, settle down, and get to work, then you must have something for them to do."

"Whenever possible, give students choices." 

"In your lessons, always move from the familiar to the unfamiliar."

"...there are really three types of learning situations. They are individual experiences, small group experiences, and large group experiences. Don't limit your teaching to one type and exclude the other two."

"[teach] them to separate fact from opinion."

"Be personal...Tell your students that you do care. Use such phrases as, 'Let me help you', 'Could we work on that together?',  'I think you have a good idea,' and 'I enjoyed watching you play together.' Use personal pronouns, and students will respond in positive ways."

"Changing the furniture in your classroom periodically can change the climate."

"Watch for and be quick to react to the acts of kindness students extend toward each other. Let students know that you notice and approve."

"One motivational vehicle a teacher can use frequently is the rotation of leadership within a group."

"If you become aware that your students do not have the ability to carry on a good class discussion, don't abandon this valuable learning practice. Rather stop and discuss group communication with your class."

"Reviews are sometimes used as 'fillers', when we don't have anything better to do.  This is poor practice.  Reviews should occur regularly.  They provide both teacher and student with a good idea of what has been learned or missed -- as well as add depth... It's also a good learning tool to use at the close or beginning of each class.  Reviews re-emphasize the main points and tie lessons together. They are also excellent motivators because they reduce student fears that something has been missed."

"Have students experiment with different study techniques.  Some may learn best by outlining material, others by taking notes, and some may find it best to skim the material first and then re-read it in depth."

"Complaining about being overworked has a detrimental effect on the motivational level of students and colleagues...both students and staff need positive work attitudes, not negative ones."

"It's natural for some teacher expressions to become automatic.  Try to add a more unique and personal touch in dealing with routine situations."

"The real world is motivating and a good way of reinforcing basic skills. Bring in electrical and water bills and teach students how to read them as well as learn how the costs are figured.  Research all the information in telephone directories. 

Teach students how to reconcile bank statements, read loan papers, and mortgage contracts. Do a study of types of insurance -- health, life, home, and auto...the practical can be motivating."

Hostility to mathematics literacy is hostility to civil rights.

More than the "average", children of well-educated parents --

· have received encouragement and acquired desire for good education from relatives and neighbors who benefited first-hand from good education.

· received meaningful preschool education -- good vocabulary and grammar, telling time, money, measuring, use of hand tools, music exposure.

· attend schools with good reputations (prophecies to fulfill) and good community support.

· can get direct help at home when books and teachers fail.

· remember new information by association better than peers, since background is stronger.  In the absence of other options for remembering, this "Matthew Effect" snowballs with time. 

· have more confidence and background ability to achieve more, faster, in school, especially in upper grades, and have far better chances at prosperous careers and life, liberty, and happiness.  They are more capable of helping THEIR children.

More than the "average", children of poorly-educated parents --

· have not had education upheld in home and neighborhood. "I was poor in math, and my kids got that from me" is how many parents think and talk.  This deadly demotivator is far too popular.
· have received less meaningful education from home and neighborhood with respect to verbal and visuospatial development..

· attend schools with poor reputations (prophecies to fulfill) and poor community support.

· cannot get as much help at home when schools fail.

· remember by association less than peers with better backgrounds, especially as the years go by.

· have less confidence and background to achieve more, especially in upper grades, and have less chance at the promises read about in other disciplines.  The same is true for THEIR children, etc.

As most descendants of slaves and peonage-era coal miners are given poor chances for education, de facto race and class (and gender) segregation lives in educational and professional USA.  The Great Society Head-Start Programs helped many disadvantaged preschool children.  

Ongoing review programs in schools yield dramatic "catch-up" gains by many older students who didn’t have home or federal head-starts.  Such students remember more if given the option of remembering by review.  Confidence grows, along with eventual ability to retain by association.  In short, it is possible to erase much of the academic achievement difference that now exists between identifiable groups of today's students.  Motivation flowers quickly.
ODD WAY TO TEACH, BUT IT WORKS

By Simon Soloveichik

reference unknown and diligently sought

     [Simon Soloveichik is a prominent Soviet journalist who writes on problems in education.  A university graduate in philology, he worked for some time as a Russian language and literature teacher in a provincial specialized secondary school and has the practical experience to support his opinions of the current teaching methods in secondary education.  Soloveichik has been on the staff of 

KOMSOMOLSKAYA PRAVDA, the national circulated youth newspaper, for about 10 years.  He is a member of the Writers Union of the USSR and the author of a number of books, plays, and film scripts.  One of his books is about Victor Shatalov, a mathematics teacher who has developed new teaching methods.]

****** ***** ***** *****

     During both the summer and winter school vacations, Victor Shatalov, a teacher in Dometsk (Ukraine), travels to various parts of the country, often far from his home -- to Murmansk, Petropavlovsk- Kamchatsky, Novosibirsk, Tashkent or Odessa.  In recent years he has covered thousands of miles.

     Listening to a seven-hour lecture on how to teach mathematics would not appear to be any great pleasure, but thousands of people gather to hear this ordinary schoolteacher speak.  The doors of an auditorium in Leningrad, which seats 1,500, were closed an hour before the beginning of one of his talks because the hall was overcrowded.  It's harder to get a ticket to a Shatalov lecture that to a famous guest performer's concert.  Surprising?  Yes.  But more, Shatalov hardly touches on general problems in education, he simply tells his listeners how he teaches, giving concrete examples in the process.  For instance, he might take a topic in mathematics to which the school curriculum allots 12 hours and present it brilliantly in 20 minutes, closing with a joke:  "Even if you try to forget it, you won't be able to."  This is true.  Whatever Shatalov explains once, you don't forget -- at any rate, his pupils don't.

     In the fall of 1971, after 20 years of experimenting with small groups, Shatalov took on a conventional class at an ordinary secondary school, School No. 13, in Donetsk.  He began teaching his pupils mathematics, physics and astronomy, subjects which are traditionally the most difficult.  It is also thought that progress in these subjects depends almost completely (if not entirely) upon a pupil's natural abilities.  However, Shatalov's first large class, a poor one, was a challenge.  The class's annual grade point average in physics and mathematics was 2.7 (the Soviet school system employs a five-point grading system, with "five" being the highest grade).  Shatalov was to teach this class for the three years that remained before its graduation.  At the end of the second year, Alexander Semushin, a representative of the USSR Academy of Pedagogical Science, administered a 12-hour test covering the entire secondary school curriculum to Shatalov's pupils.  "My impression," Semushin later told me, "was that I could have continued to examine any of the pupils in that class for 24 hours straight, yet he or she could have answered all my questions without difficulty."  Semushin openly presented two sets of problems, both easy and hard, to the pupils.  Most chose the harder ones.

     When Shatalov's class graduated, only three of the 33 students had "threes"; the rest had higher grades.  All 33 easily passed the entrance examinations to technical institutes in different cities.  More important, three-fourths of these students are receiving stipends with bonuses because of their excellent academic progress.  Remember that these pupils were thought to have no aptitude for mathematics!

     Shatalov has worked this wonder more than once.  Not long ago he taught a class in astronomy.  He covered the traditional 35-hour course in 32 hours, and all the students received grades of "five."

     At first people refused to believe Shatalov.  They insisted he was a charlatan, that he secretly chose the best pupils and gave them additional instruction, sat with them for hours.  Later, when the results he was obtaining became obvious, people began to say that Shatalov had unusual teaching abilities and talents and even that he (I heard this myself from a very respected teacher) hypnotized his 

pupils, putting knowledge into their heads.  Think of that.  Hypnotized them!

     But as the years went by, it became harder and harder to find fault with Shatalov's teaching.  However, until 1971 he was still the only person using his methods.  In 1972, after attending a number of Shatalov's lessons, a teacher with 20 years of experience said that she was ashamed to continue teaching in the old way and adopted the innovator's methods.  Soon there were 30 followers, then 300, 500, 1,500.  By the 1977-78 academic year 5,000 teachers in different parts of the country were using Shatalov's methods.  In addition, there are now schools where almost all subjects are taught in this manner.  Today, when Shatalov travels to give talks, he is not alone but has a complete teaching staff accompanying him.  One lectures on teaching physics, another, geography; a third history.  Shatalov's adherents admit that their results are not as brilliant as his, but their teaching skills have greatly improved.  More importantly, all of 

Shatalov's followers acknowledge that their pupils are growing academically, becoming more inquisitive, active, and developing confidence in their ability to graduate and earn a General Education Certificate, which will give them the chance to continue their studies at a school of higher education. 

     Now that I have aroused the reader's interest, it is time to probe deeper into Victor Shatalov's methods.  I warn, you, I'm not a mathematician.  However, to me that is no obstacle because the vital element to Shatalov's approach is not mathematics or physics itself, but that special "something" which he came to understand better than others -- the workings of a student's mind and heart.

How Do Children Study?

     Thousands of books in many languages have been written on the subject of children's study habits.  Three years ago I asked my son, then an eighth grader, what would make students study better?  He answered, "That's simple.  They must do their homework every day, that's all."  However, for some reason he had no intention, as far as I could judge, of following his own simple rule.

     Distinguished Soviet educator Vasill Sukhomlinsky's reply to the question was approximately the same, except that his answer was more paradoxical: "For children to study well," he wrote, "they must study well...".  There is no other way.

     All modern talk about the need to first arouse a child's intellectual curiosity, about the need to develop creative thinking and about the so-called problem technique in teaching is not applicable to the classroom situation, where at least some of the pupils don't understand the subject that is being discussed at the 

blackboard, don't have any (or enough) knowledge and, naturally, don't want to study.

     Intellectual curiosity (and, hence, the creative process) begins with an understanding of the material.  This may seem trite, but I had to conduct experiments with 7,000 schoolchildren and write a book to help children and their teachers get to the bottom of the seemingly simple problem.  As it turned out, many teachers, pupils and parents were sure that intellectual curiosity was something extraordinary; it either existed or it didn't.  "I don't need mathematics", "I don't like mathematics", and "I'm not interested in mathematics."  These conclusions seem final to children.  "Sit down and study," their parents command in reply.  Certainly the child can sit down and stare at a book, but he cannot and will not study a subject that he doesn't like and doesn't understand.

     But the origin of the dislike is simply that the pupil does not study every day, does not do his homework regularly, begins to fall behind the others in class and ceases to understand what the others are talking about.  In addition, the student doesn't study in the first place because the teacher, physically, can't check each pupil's complete knowledge at every class session.

     The hullabaloo raised over programmed instruction using teaching machines and the sophisticated mathematical teaching theories boils down to one simple aim:  to somehow check and evaluate a pupil's knowledge -- not just occasionally, but at every step, so that no gaps develop, so that he or she will say "I know" and "I understand."  That's when the student will begin to say "I like."

     I have profound respect for teaching machines, the people who design them, the theories they are based on and the schools that spend money on them, but Shatalov is achieving the same results using more effective means and much cheaper ones, by the way.

     No matter what is said about Shatalov, one thing is indisputable: he has ingeniously solved a problem that the schools have been struggling with for a long time.  He developed a method to precisely evaluate how well each pupil understands the material taught at every lesson.  It takes only 12 minutes from the beginning of a lesson for Shatalov to have gained exhaustive information on the knowledge of each of his 40 pupils.  The pupils, in turn, receive a grade that they think they deserve.

     If students know that they will be tested every day, they do their homework every day.  Children begin to study regularly; next, to understand mathematics: then, to like the subject matter; and, as a result -- Sukhomlinsky's paradox -- to do well.

     The process may seem involved and vague to some readers, but it becomes clearer when you observe how the pupils in Shatalov's classes study with real interest, with a love for science, with faith in their abilities, with self-confidence and pleasure, without being nagged or pushed, without any punishment or scoldings.  Instead of being late or skipping classes, the students actually look forward to them.  What particularly surprises visitors is that Shatalov's pupils don't try to copy from each other, no matter what the circumstances.  They all work independently, something the ordinary teacher finds hard to believe.

Pulsing Knowledge

     Shatalov says that his method contains 200 new discoveries in the area of teaching, but its core is a peculiar kind of outline or, as he puts it himself, "a page of reference signals."

     Shatalov called attention to the fact that knowledge could exist in two forms:  detailed and condensed.  When a teacher explains a lesson, no matter what the subject, even the best pupils do not try and remember what he or she says word for word.  That's really unnecessary.  A general scheme, a plan, a set of key concepts, a kind of code of the lesson takes shape in the pupil's mind.  The pupil's trouble in this course is not that they memorize poorly, but that without skills for mental work they are able to draw up that scheme or plan, that set of key signals, or they compile it uneconomically or distort it.

     Shatalov frees the pupils of this task, a task which is beyond the powers of many.  For every topic he compiles an outline of reference signals, which consists of a notebook page listing the key words of the lesson, major -- but very concise -- conclusions, selected extracts of schemes and examples.  These are set out in a 

definite order, color-coded, in all kinds of frames, with arrows signifying the links and connections.  Even a physics teacher can't decipher, can't understand, such an outline on a physics theme until he listens to the detailed explanation by the person who compiled that scheme.  After the explanation the outline comes to life.  The abstruse words and symbols take on meaning.  Also, since Shatalov has 

a sense of humor, the signs and arrows when understood are funny.

    Thus, the teacher lectures on a subject (detailed knowledge).  It then repeated according to the list of reference signals (condensed knowledge).  Then the pupils analyze the material at home, using their outlines and textbooks (the knowledge is again detailed).  The next day the pupils come to class.  But now the reader can make the same discovery that Shatalov made:  The students' knowledge is checked in the condensed form, not in detail!  Experience has shown that this takes no more than 12 minutes.  The pupils write yesterday's outline, just one page, by heart.  Those who don't understand the material or weren't listening to the teacher or haven't done their homework are absolutely incapable of coping with the task, even though it is simple -- almost elementary -- for any pupil who tried to understand, who listened to the teacher and then worked independently, no matter how limited his or her possibilities.  Shatalov collects the written homework and, after a cursory glance, sorts it into piles according to grades: "fives," "fours," "threes."  He doesn't correct any mistakes because immediately after learning their grades, the pupils go to the blackboard and, using their outline, repeat the lesson (knowledge is again detailed).  That way the students themselves are given the opportunity to find their own mistakes.  The teacher only marks their knowledge in passing, as it were, spending no special time on it, but by the end of the lesson all the students get a grade which seems just to them -- some even get two marks.  Those who could not do the task or did it poorly get no mark.  There's a blank next to their names in the grade book, "a hole," as Shatalov puts it.  These will have to be filled in later when there is greater accomplishment.  The teachers see the gaps in their pupils' knowledge all the time.

     In practice this is all rather simple.  Yet it's this simplicity that frightens off certain scholars, those who have come to believe that a modern discovery cannot be understood, otherwise it wouldn't be a discovery.

     The teachers explain the material, then repeat their explanations by using the reference signals.  They may repeat difficult points a third and a fourth time, and (I've witnessed this myself) the pupils' interest in the subject does not decline on the contrary, it intensifies.  There is no memorization and no fear of forgetting anything.  Everything the teacher has written on the blackboard, the students take home with them in the form of reference signals.  Before the war Soviet Psychologist Pyotr Zinchenko showed, by precise experiments, that to memorize and to understand were mutually exclusive mental processes, that the one who tried to understand and to memorize would not understand anything or memorize anything.  "One must only understand!" says Shatalov.  And his pupils, accustomed to the new methods, do not become frightened when they don't understand something, and they don't stop listening to him.  They know that whatever they failed to understand will become clear with the second or third explanation.

     Thus, we have the following process:  The students come to class, write outlines from memory, are graded and listen to the teacher's explanations on the blackboard.  Then comes the new material.  Knowledge is condensed, detailed, again condensed, again detailed -- it pulses -- and, finally, with the help of these procedures and multiple repetitions, it is grasped and remains in the student's mind.  That is the way Shatalov's ideal is achieved.  According to the innovator, a pupil should be able to answer your questions on the subject even "if awakened in the middle of the night."

     Some may ask, "Don't the children find the repetition dull?"

     No, it's not boring because the children, like all people enjoy work followed by a result.  They see that they are beginning to cope with even that "hateful mathematics," and they become unafraid of any subject.  Putting it theoretically, we can say that the same job will seem new to us if the final result, the goal, is changed.  The first time they listen to the outline to understand; the second, to check their own knowledge.  At home they analyze it to remember, and in class they write it to report back to the teacher.  They listen to their classmates at the blackboard to check themselves and to be sure that the teacher gives them the mark they deserve.  Each time there is another goal.  It's almost like doing something different.  In the meantime the outline is in front of the pupil, and even those who have poor memory gradually retain it.  In addition, Shatalov's method develops a child's memory more rapidly.  Interestingly, the pupils develop the ability to pick out the most essential point in any text and mentally turn it into a concise and precise scheme, that is, they understand.

     I sat in on a literature lesson in Shatalov's class.  The teacher is explaining Tolstoy's War and Peace in the traditional manner, but the pupils were listening and compiling "Shatalovlike" outlines of reference words, arrows, circles and the like.

     Gradually, the work with reference signals was simplified.  Outlines were printed up in advance.  The pupils only had to color them at home following a predefined color scheme.  Progress became even more rapid.

   No conflicts develop between students and teachers, between the students and their parents, between the parents and the teachers.  Pupils go to school without fear that they will be called on in class about what they will asked.  The students know exactly what to expect and soon stop worrying about grades.  There are so many that an extra "three" or "four" is not really important.  Even a "hole" is not 

especially serious:  It means having to write the outline again.  No arguments.  No tension.  Complete psychological comfort.  All the psychologists who watched Shatalov's classes had the same observation:  the children were strangely relaxed; they had nothing to worry about.

     Also, the teachers relax when they see how seriously the pupils are working.  In addition, it's easier for the teachers to make their explanations using an outline, particularly if they are inexperienced.  They don't founder, get confused or sidetracked.

     They are not inclined to be long-winded, therefore, the pupils understand them better.  In turn, the pupils, guided by their outlines, do not have to rack their memories to answer the teacher's questions.  They speak freely, relaxed.  The teachers don't have to strain to fish knowledge out of their pupils.  They can devote more time and attention to the pupil's speech and correct their use of mathematical terms.  People who visit Shatalov's lessons note that his pupils speak with greater ease than those in conventional classes.  To give the children an opportunity to speak more and develop speech habits, Shatalov manages so-called "mutual control days," when the pupils quiz each other.  They enjoy this.

     The excitement found in Shatalov's classes is not based on their teacher's infectious enthusiasm nor, of course, on any kind of hypnosis.  Even the weakest students feel that they have the opportunity to do well, that they have every chance of getting a good grade, something they haven't gotten since their first day at school.  All they have to do is listen to the teacher's explanation in class 

and study at home with the outline.  Honestly, the thrill pupils get from the first "five" they have earned can't be measured.  The first impulse is to get a second "five."  That's how the students gradually land in a cunningly set trap and begin to study mathematics, which not too long ago seemed unbearable and which now gives them so much pleasure.

     It is not surprising that the school children become the most ardent advocates of these new methods.  There are several cases, where the students themselves brought articles describing Shatalov's methods to their teachers and asked, "Why don't we study like that?"  When the process of instruction and learning becomes reasonable and productive, pupils stop asking:  "What do I need mathematics for?" or "Why do I have to study?"  Why play basketball?  To win.  Why solve mathematical problems?  To solve them.

     By finding a single new method to perceive and present knowledge in condensed form, Shatalov solved several pedagogical problems that had seemed insoluble for the school system.  He graphically showed children the mental activity involved in the study of theory (the dynamic process of condensing and detailing); he found a method to induce them to apply themselves to this purely mental activity and, at the same time, greatly simplified the teacher's control over the pupils' efforts.  Professor Nikolai Siunov of the Uraisi Polytechnic Institute, an authority in the field of electrical machines, is successfully using Shatalov's method with his students and calls it "the method of continuous control."  Other teachers talk of Shatalov's "engineering" pedagogy.

A Remedy for Fear

     There is no more skeptical a person than a teacher who is told about the fantastic achievements of another teacher.  And I'm sure that if I were addressing an audience of educators alone, I would by now have been interrupted by shouts:  "That's great, but what about problem-solving?  How does he teach children to solve problems?"

     The quality of Shatalov's teaching is the amazing flexibility.  As soon as he approaches problem-solving, he changes completely, as if all his principles have been replaced by those quite opposite!  When studying theory, there are marks at every step, continuous control to induce strict study discipline.  In problem-solving he gives them unheard-of-freedom and no marks -- only assistance and benevolent consultation, to nurture self-confidence and to liberate creativity.  If pupils know their theories, the solution of a problem depends 90 per cent on their self-confidence.

     Remember, Shatalov's pupils are average students, and one may come across children in his classes who haven't solved a single mathematical problem in their lives.  They panic in the face of any mental effort.

     Shatalov begins from afar.  He solves standard problems in the classroom -- only listen and try to understand -- and then he gives his pupils the same problems to solve at home.  They don't look the same, but they are, and he gives marks for their "repeated" solution at home.  He believes that in the initial period an independent analysis if the solution worked out in the classroom is a large-sized achievement.  Then he gives each of his students 100, then 150, diverse problems.  He does not divide the class into "strong" and "weak" students.  "To me" he tells them, "you are all the same, and I have equal faith in you.  Here are a hundred problems for each of you.  Choose those you feel you can handle, solve them and bring the answer in for checking.  If you solve 50, and the toughest at that, good for you!  If you only solve one, the simplest, you won't be scolded either."  The answers are not graded, as there are no marks for the solution of problems at the blackboard.  Complete freedom and ease!

     In practice the stronger pupils tackle and solve problems of a complexity no ordinary teacher would ever think of giving them, while the weaker pupils are elated -- an unprecedented feeling -- when they solve their first mathematical problem and soon rise to the level of average.  The point is that there should be no need for students to copy each other's work or fit their solutions to some given answer; they should not be striving for good grades, but for hard problems.  What you begin to get is an atmosphere of sporting excitement:  Who chose and solved the most difficult problem?  The class turns into a group of interested mathematicians.

     Under normal conditions the weaker students would soon be disillusioned -- a written test!  It can't consist of obviously simple problems, and so failure follows, a "two," "I'm no good."

     Despite the disapproval of the school's administration, Shatalov gives no written tests -- considering them harmful -- until he is absolutely sure that all his pupils will do well.  His first test is given then he walks up and down the aisles and gives help or prompts if he finds it necessary.  Also, he gives the pupils good grades, for what was the initial stipulation:  to work with the help of the teacher.  This he adheres to.  Six months later his pupils begin to solve standard problems, also with the teacher's help if necessary.  Only then does the independent solution of problems begin.  Finally, he gives his pupils nonstandard problems to solve on their own.

     Now, what do students really need from their teachers?  The list of desired qualities could be endless, but the first should be confidence, confidence that with that particular teacher pupils will surmount all difficulties and learn the subject.  Shatalov is indeed capable of teaching anybody.  He does his utmost to support a pupil's faith in his or her eventual success.  And those very creative 

abilities, of which extraordinary force, though many accuse him of standardizing academic abilities and performance.  He does use standard outlines and does achieve a certain standard level of knowledge and skill.  But if the choice is between standard knowledge and standard lack of knowledge -- after all, that's the alternative -- then I'm for the former, and I don't think alone.

