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-----Original Message-----
From: Anonymous
Sent: Sunday, January 27, 2006 6:13 PM

To: National Math Panel

I work as a mathematics teacher and department chair at a high school of about 500 students in the Lakes Region of New Hampshire. I graduated from the University of NH in 1985 having taken courses up to Complex Analysis. I have worked in various NH districts before settling in to my present position for the last nine years.

The reason I am writing to this distinguished panel is to give my perspective on the alarming changes that have transpired since the late 1980's. The current trend in education has over emphasized pedagogy over content. Misguided principals and superintendents have pushed constructivist methodologies on teachers and evaluated them on how well they adhered to them. Content has taken a back seat. It is rare and unusual to find a math teacher under 30 years old who has deep knowledge of any math beyond high school. One of my colleagues had to have me teach him what a logarithm is - he is certified in Secondary

Math.

Mathematics as a discipline has suffered as a result of a fanatic emphasis on real-life, hands-on activities. Proofs have been de-emphasized. It used to be that students would learn to prove the square root of two is irrational or do a proof by induction for the 

Binomial Theorem. Learning math for its own sake is discouraged. Respect for rigor in mathematics has fallen by the wayside; most current geometry texts introduce the Distance Formula before developing the Pythagorean Theorem. It is sad because I have seen a fair share of students who get a thrill out of seeing the beauty of pure mathematics (taboo among education elitists). Yes, students still like being able to derive the Quadratic Formula or seeing the Fundamental Theorem of Calculus for the first time.

Now that's just high school, what has happened K-8? I can tell you that with each successive year students are less and less fluent in computation. There has been an undeniable erosion of skills. I find it hard to blame the students or the teachers. They did not ask for the programs that were adopted by their district. They did not write standards that said paper and pencil computation was not important or that quick recall of math facts was not necessary. They did not concoct a pedagogy that said one should just hand students a calculator so that their lack of computation skills does not get in the way of their critical thinking, problem-solving skills. High school teachers cannot continue to sustain this largesse of incoming ninth graders who are incompetent in fractions, integers, decimals, percents... We need balance in curriculum overview, teacher training, state standards or dare I say-we need national standards and national competency tests. Please put more mathematics back into Math Education.



-----Original Message-----
From: Richard Askey
Sent: Friday, December 29, 2006 3:20 PM
To: National Math Panel
Subject: suggestions

Dear Tyrrell and others,

I will not be able to stay over for the next meeting in New Orleans,

so would like to send a few suggestions to the Math Panel.

Teacher education and licencing:  The National Research Council did

a study of exams for teachers and published it as "Testing Teacher

Candidates".  They asked someone at the Univ. of Nebraska who

studies testing to do an evaluation of tests in five areas including

mathematics.  In the report on the math test he looked at, he

wrote that the questions seem reasonable but a content expert

would have to look at them to be sure.  The review was done for

the US Dept of Education.  I suggest that the Dept of Education

ask NRC to do this again, but have content people heavily

involved.  When testing experts look at exams they have a

completely different focus.  They worry about whether the results

can be reproduced, which is important.  ETS sets the Praxis Tests

at a level which is too low since the main concern is to keep

people who clearly do not know enough out of a classroom.  To

do this they have questions at this level overused in comparison

to those at other levels.  One trouble with this is that the

exam sets too low a level of knowledge which candidates and

people educating them and those hiring them expect.  To put

this crudely, I expect that a one hour exam with 60 reasonable

questions will give a similar ranking to people taking it to

a one hour exam with 6 to 10 reasonable multiple step questions,

but students will have to have a much better knowledge of

mathematics to do well on the second than on the first.  The

"reliability " of the first test will clearly be somewhat

better than the second, but to me, the trade of this for

less content knowledge is not worth it.  This is an opinion,

but one which I know is shared by quite a few others.  This

should be discussed seriously and as far as I know it has

not been.  Clearly on a harder test the level for passing it

has to be lower initially, but should be raised in later

years.

When the National Board for Professional Teaching Standards was

starting to test candidates, I talked with two people involved.

I said that the tests were set at too low a level, as they

had to be since the program would die immediately if they were

set where they should be.  They agreed and said that the passing

rate the first year was only 33%.  I asked if they had done any thinking

about how to bring the level up to what it should be in say ten

years.  They said NBPTS was too busy just running the program to

have done this.  As far as I can tell, they still have not done this.

My question was asked almost 10 years ago.

The Presidential Award winning elementary school mathematics teacher

in Wisconsin for 2004 wrote a paper for the Wisconsin Teacher of

Mathematics.  This appeared shortly after she won this award.  The

article had may mathematical errors.  I have talked with a couple

people involved in this type of decision, and they both said that

the primary emphasis was on innovation rather than what the content

was and what students were learning.  This clearly should not be

in your report, but a private note to the people involved in this

would be appropriate.

There will likely be more comments coming.  I wish you and the committee

the best and look forward to a serious report in a year.  I am not

expecting much from the preliminary report since there has not been

enough time to work on it.

Sincerely,

Dick

Richard Askey



-----Original Message-----
From: John Shacter
Sent: Friday, December 22, 2006 12:39 AM
To: National Math Panel
Subject: Ideas for the National Math Panel

CHAIR AND MEMBERS OF NATIONAL MATH PANEL, WITH COPY TO SECRETARY OF EDUCATION (per Ms. Jennifer Graban):

This may be my last attempted contact with you, since I have not had any evidence that anyone is paying any attention.

Please let me be as direct as I can:

Through no fault of your own, I am persuaded that your assigned task may well amount to "a stacked deck." 

THE SECRETARY OF EDUCATION HAS BASICALLY ASKED A GROUP OF ADMITTEDLY DEDICATED BUT RATHER NARROWLY EXPERIENCED SPECIALISTS (MOSTLY MATHEMATICAL/EDUCATIONAL EXPERTS) TO FIX SOMETHING WITH WHICH THEY HAVE BEEN INTIMATELY CONCERNED WITH OVER THE YEARS. WHEN SHE ALSO ADDS THE ADMONISHMENT THAT ONLY RESEARCH-ESTABLISHED "SOLUTIONS" BE CONSIDERED, SHE PLACES FURTHER RESTRICTIONS ON THE OUTCOME, SINCE MUCH IF NOT ALL OF THAT RESEARCH WAS SELECTED AND GUIDED BY THE EXPERTS ON THE PANEL OR THEIR COLLEAGUES. 

FORGIVE ME, BUT ALL OF EDUCATION IS OF COURSE A "SERVICE." AND NORMALLY, WHEN WE REVIEW THE MISSION, PRIORITIES AND PERFORMANCE OF A SERVICE AND DETERMINE HOW EACH ONE OF THEM MIGHT BE IMPROVED, WE DON'T JUST ASK THE SERVICE PROVIDERS, THEMSELVES.

IN THE SELECTION OF YOUR PANEL, WE SHOULD HAVE AT LEAST INCLUDED REPRESENTATIVES OF THE INTENDED "CUSTOMERS" OR "POINTS OF DESTINATION" OF THE GRADUATES WHEN THESE ITEMS ARE EVALUATED AND REVISIONS OR REFORMS ARE DEVELOPED. AND IN THIS CASE THE INTENDED POINTS OF DESTINATIONS ARE SUPPOSEDLY:

1. QUALITY EMPLOYERS WHO HAVE TO ENGAGE IN INCREASINGLY TOUGH WORLD COMPETITION FOR QUALITY JOBS AND COMPETITIVE WORLD POSITIONS; 
2. QUALITY UNIVERSITIES OR OTHER INSTITUTIONS OF ADVANCED OR HIGHER EDUCATION; AND 
3. SOCIAL/POLITICAL LEADERS WHO ARE CONCERNED WITH THE STATUS AND NEEDS OF OUR FAMILIES, COMMUNITIES, AND SOCIETAL/GOVERNMENTAL STRUCTURES.

(From a practical point of view, it may be a bit easier to find a consensus among leaders and representatives from areas 1 and 2 above than from area 3.)

As a semi-retired engineer & management consultant and still very active practicing volunteer teacher of youngsters and adults, I have addressed you a couple of times. As I stated above I have no evidence that anyone has been paying any attention. 

Consequently, I have to conclude that your review and recommendations may produce some marginal improvements, but is bound to fall short of producing the truly MAJOR improvements and reforms that are so urgently needed today -- not only in math, quantitative reasoning and communications, money management, etc. -- but also in a number of other vital subjects which are included in most current curricula, plus still others which are at least equally needed but would have to be added to the current curricula.

Sorry I cannot be more optimistic. But the results from past expert panels (math and beyond) have certainly failed to meet the most urgent past, current, or future needs.

I could expand on any of the above if I received some specific feedbacks and were asked to do so.

Best wishes and happy holidays


-----Original Message-----
From: Joan Cotter
Sent: Monday, December 18, 2006 10:14 PM
To: National Math Panel
Subject: Comments to NMP

Dear Jennifer:
I am unable to attend the Fifth Meeting of the National Math Panel, but I'd to provide some comments.

·       Focus Area: Learning processes 

·       Name: Joan A. Cotter, Ph.D.
·       Title: Curriculum Developer
·       Organization you represent: Activities for Learning

To get a good start in learning mathematics, children need the following:

Group in Fives and Tens.

Grouping in fives, as well as tens, makes it possible to recognize quantities and see them in one's mind. This the Romans (VIII for 8) and composers (5 lines per staff) knew.

Avoid Counting for Adding and Subtracting.

Babies at 5 months can add and subtract up to 3 and they are not counting. Japanese children learn to add 4 + 3 by first seeing both quantities mentally; then taking 1 from the 3, combining it with 4 to make 5 and 2, which they knew. They also learn to add 6 + 7 by seeing 6 as 5 + 1 and 7 as 5 + 2; the two 5s make 10, so the sum is 13. The Japanese have research that shows the ability to count has little correlation to math achievement or to progress in the Piagetian conservation tasks. We must cease to make math attainment dependent upon one's rote memory capabilities.

Name Numbers Explicitly.

All Asian children learn their math by saying "ten-1" for eleven, "ten-2" for twelve, ... "9-ten 9" for ninety-nine. They understand place value, the most important concept in arithmetic, early in first grade. The average U.S. student does not comprehend place value until the end of fourth grade. By using explicit naming for a few months (my research shows), U.S. students will understand place value years sooner.

Teach the Thousands in First Grade.

The basic pattern--math has been called the science of patterns--that 10 ones equal 1 ten, 10 tens equal 1 hundred, 10 hundreds equal 1 thousand, and so on, cannot be gleaned when the highest number discussed is 99.  Four- and five-year-olds work with thousands throughout the world in Montessori classrooms.

Use Correct Vocabulary.

There is no rational reason to use "number sentence" instead of equation. Scientists and engineers do not ponder number sentences. The word equation emphasizes the equality between the two sides of an equation, a fundamental algebra concept.
"Take away" limits understand of subtraction because subtraction it is not always about "going down." For example, when we make change, we go up.
"Regrouping" is not a mathematical term and does not imply equality to a child. Actually, it is what a military unit does after a defeat. But every child understands "trading"; so, we trade 10 tens for 1 hundred.
Who's Teaching the Math?

Many teachers assign math homework that often requires a parent's help. For a variety of reasons, over-burdened parents in many families are unable to provide this help. The achievement gap will not disappear until the teachers do the math teaching for every child.

Joan A. Cotter, Ph.D.


-----Original Message-----
From: Don Jordan
Sent: Friday, December 15, 2006 11:02 PM
To: National Math Panel
Subject: Not Using Metric is costing the USC Classroom teacher time

Subject:  Metric Education in the Classroom

Every Student who attends college must take chemistry.  Each year I

hear Chemistry teachers talk about how much time they waste teaching

metric because it is not taught in the early years.

I recommend that the Math Panel issue a strong statement that metric

is primary language of measurement and should be taught first in grades

K-8. and

That Colleges of Education at our Universities should have somewhere in

the curriculum a strong and lengthy content on metric measurement. That

all teachers should be tested on metric measurement.

  The teacher, especially the teachers in grades K-8, should feel very

comfortable teaching metric. Today they are not.  When the doors are

closed the teacher will teach what she or he knows... the old customary

language of measurement.

We are recycling the problem and your panel has a chance to do

something about it. I hope you will.

Thanks for taking the time to read my statement.

Don Jordan, Ph.D. Mathematics Linear Algebra, USC

Center for Science Education


[image: image1.wmf]Page 2 - Going Metric 
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-----Original Message-----
From: Richard Askey
Sent: Wednesday, December 13, 2006 11:26 AM
To: National Math Panel
Subject: Winter mathematics meeting

Dear Jennifer and Tyrrell,

I just got the program for the winter meeting of some math societies in New Orleans and noticed there would be a panel presentation from members of the National Mathematics Panel.  I was surprised to see two math educators and no mathematicians speaking as well as the Chair of this group.  Can I assume by duality that the presentation at the annual NCTM meeting will have the Chair and two mathematicians? Clearly not.  There is an underrepresentation of mathematics on this panel and on the committee.

When the MET report (Mathematical Education of Teachers) was written, three mathematics educators were asked to write the grade band parts.

All three drafts were terrible, so bad that three mathematicians were asked to work with the authors to help draft something which was appropriate both mathematically and for the audience intended.  It is an unfortunate fact that we cannot assume solid mathematical knowledge even in elementary school mathematics by many people who write about it.   I have been seeing this while reading textbooks for a publisher, and reading many other things.  This is not the place to go into details, but they can be provided if necessary.

I hold out hope that the National Mathematics Panel will come up with a good report, but suspect that with Wilfred Schmid's family problem, the already slight representation of mathematicians will

be inadequate for the job which needs to be done.

Sincerely,

Dick

Richard Askey



-----Original Message-----
From: Frank Forman
Sent: Sunday, December 3, 2006 5:22 PM
To: National Math Panel

Frank Forman here:

Questions for the National Mathematics Advisory Panel

2006 December 3

Dear National Math Panel and Tyrrell Flawn,

I am both including the questions in the message body of this e-mail 

and as a MS-Word attachment which is formatted.

I am not sure who is reading the NationalMathPanel@ed.gov mailbox. 

Please reply to this at once, just to say that you have received this 

set of questions. Tyrrell, when we met in the Secretary's meeting room 

to celebrate Sarah Dillard's moving on to greener pastures, you showed 

an interest about questions I would like the Panel to address and said 

you would be in touch with me, though the rush of business evidently 

prevented that. So here they are.

In no way should they be taken as constituting official policy of the 

Department. As you know, I work in the Planning and Program Evaluation 

Service, but to make certain that my questions are not confused with 

any policy of the Department, I am sending them as a private citizen. 

I hereby place them in the public domain. For the moment I shall not 

diffuse them further beyond Sarah Jensen and Kenneth Thomson, who work 

with me and with whom I have discussed asking questions of the Panel 

and advised me about how to do so.

Being in the public domain, feel free yourself to steal, modify, 

misrepresent, or distort the questions and ideas. If you want further 

ideas or clarifications, I shall provide them.

You should also know that, before taking up economics in graduate 

school, I was an undergraduate math major (both at the University of 

Virginia) and have read on my own a good deal about logic, set theory, 

metamathematics, and foundations. I can hardly be accused of not 

liking the subject, even if I feel the Panel should address the issue 

of usefulness.

I have aimed to be comprehensive in getting all the issues out. 

Accordingly, it is quite long, but I hope not overly redundant or 

verbose.

QUESTIONS FOR THE NATIONAL MATHEMATICS ADVISORY PANEL

Difficult questions may elicit deep answers, so the panel will better 

articulate its aims and methods.

1. The Usefulness of Mathematics

2. The Crisis in Mathematics Education

3. Truth to be Told to a Benevolent Despot

4. The Structure of Educational Governance

5. Treatment of the Gifted

6. The Panel as a Sham

7. Taboo Issues

Appendix 1: Charter of the National Mathematics Advisory Panel

Appendix 2: I Samuel 17

The Duchess's Epilogue

QUESTION 1. THE USEFULNESS OF MATHEMATICS (three articles)

ARTICLE 1. WHETHER MATHEMATICS IS USEFUL?

It would seem that mathematics is widely used.

Objection 1: Mathematics is mostly useless, except to those very few 

who will become active scientists and engineers. Engineers use mostly 

algebra, a very few formulae in geometry, and rarely calculus. For the 

rest of us, not even algebra gets used. When I tried to put some 

simple equations into something to be read by political appointees, I 

was told to take it out, it would not be understood. It would have 

been very nice, too, the time I represented the policy unit at some 

technical discussions about regulations if the lawyers knew basic set 

theory. I wanted to interrupt and get them to write out some simple 

set formulas rather than long-winded phrases.

Objection 2. Even in the sciences, thinking is rarely as exact as it 

is in mathematics, and engineers rest content with good rules of 

thumb. Going down the ladder, the reasoning of advertisers, 

politicians, preachers, and lawyers is horrendous. Deirdre McCloskey 

told me a few months ago that Donald's estimate that a quarter of GDP 

is devoted to persuasion should probably be increased to 30 percent. 

Out with Euclid's Elements, in with How to Lie with Statistics and The 

Art of Cross-Examination.

On the contrary, the Panel should ask businessmen to specify just what 

they want, both for lower math skills for the bulk of their employees 

and for those who will use math beyond the junior high school level.

Reply to Objection 1. Employers will know what skills they really 

want, though they need to articulate what they want far better.

Reply to Objection 2. It is important that students realize what exact 

reasoning is, the better to compare it with inexact reasoning and 

bogus reasoning. Learning  mathematics is essential to this goal.

ARTICLE 2. WHETHER THE NATURE OF MATHEMATICS THINKING IS UNDERSTOOD?

It would seem that we know generally enough about the general 

principles of proofs, formulae, sets, and so on to get on with the 

business of instilling the habits of exact reasoning that characterize 

mathematics.

Objection 1. Attempts of specify more exactly just what mathematical 

thinking consists of are failures. It is not enough to just teach the 

same old math over and over again, but to envision what basically is 

at foot. Such pronouncements, like the one below, of which I extract 

the high points, are circular and not helpful.

http://www.qsa.qld.edu.au/yrs1to10/kla/mathematics/ppt/trw_mathematically.ppt

What is thinking mathematically?

* making meaningful connections with prior mathematical experiences 

and knowledge including strategies and procedures

* creating logical pathways to solutions

* identifying what mathematics needs to be known and what needs to be 

done to proceed with an investigation

* explaining mathematical ideas and workings.

What is reasoning mathematically?

* deciding on the mathematical knowledge, procedures and strategies to 

use in a situation

* developing logical pathways to solutions

* reflecting on decisions and making appropriate changes to thinking

* making sense of the mathematics encountered

* engaging in mathematical conversations.

What is working mathematically?

* sharing mathematical ideas

* challenging and defending mathematical thinking and reasoning

* solving problems

* using technologies appropriately to support mathematical working

* representing mathematical problems and solutions in different ways.

Objection 2. Furthermore, there is there is a pitifully small subfield 

in education called "transfer of learning," the idea is that learning 

one subject transfers to other subjects. Near transfer is algebra to 

geometry or algebra to physics. Far transfer is what my English 

teacher said when I asked him why we were reading fiction, that is, 

books about things that were not true. "To learn about life!" he said. 

I now agree that novels can get at human nature in a way that 

biological and social scientists cannot. Far transfer is about Latin 

or geometry or, well anything, that teaches one how to think.

In fact, little is known about the transfer of knowledge of 

mathematics, specifically, to other fields.

On the contrary, while not nearly enough is known about the nature of 

mathematical thinking and the transfer of that thinking to other 

fields, our ignorance is not total. Accordingly, the Panel should 

dwell upon this issue of transfer.

Reply to Objection 1. This will not do! There's an anthology collected 

by Robert J. Sternberg and Talia Ben-Zeev, edd., The Nature of 

Mathematical Thinking (Mawhaw, NJ: Lawrence Erlebaum, 1996). See the 

review by John Mason, 'Describing the Elephant: Seeking Structure in 

Mathematical Thinking,"  Journal for Research in Mathematics 

Education, 1977 May. The title gives the gist of the review, but the 

book's chapters should contain ideas for the members of the Panel. 

Furthermore, informal characterizations of how mathematicians think 

can also be illuminating.

Three men with degrees in mathematics, physics and biology are locked

up in dark rooms for research reasons.

A week later the researchers open the a door, the biologist steps out

and reports: 'Well, I sat around until I started to get bored, then

I searched the room and found a tin which I smashed on the floor.

There was food in it which I ate when I got hungry. That's it.'

Then they free the man with the degree in physics and he says:

'I walked along the walls to get an image of the room's geometry, then

I searched it. There was a metal cylinder at five feet into the room

and two feet left of the door. It felt like a tin and I threw it at

the left wall at the right angle and velocity for it to crack open.'

Finally, the researchers open the third door and hear a faint voice

out of the darkness: 'Let C be an open can.'

And this:

An engineer, physicist, and mathematician are all challenged with a

problem: to fry an egg when there is a fire in the house.  The

engineer just grabs a huge bucket of water, runs over to the fire, and

puts it out.  The physicist thinks for a long while, and then measures

a precise amount of water into a container.  He takes it over to the

fire, pours it on, and with the last drop the fire goes out. The

mathematician pores over pencil and paper.  After a few minutes he

goes "Aha!  A solution exists!" and goes back to frying the egg.

Sequel:  This time they are asked simply to fry an egg (no fire).  The

engineer just does it, kludging along; the physicist calculates

carefully and produces a carefully cooked egg; and the mathematician

lights a fire in the corner, and says "I have reduced it to the

previous problem."

These and many more from 

http://www.xs4all.nl/~jcdverha/scijokes/6.html. Go ahead and indulge 

yourself. Keep going with 6_1.html and 6_2.html.These jokes should 

inspire some thoughts, not that mathematicians come off best, but that 

you might wonder (the beginning of wisdom, recall) just what is to 

think like a mathematician.

Reply to Objection 2. Transfer of knowledge is certainly an important 

issue. Shifting students from useless to useful math courses will 

accomplish far more than all manner of improving teaching methods for 

useless courses. But our ignorance on this issue is not totally bleak. 

It's just that so little is known, esp. at the K-12 level, about 

transfer of knowledge and most esp. from math to far fields.

ARTICLE 3. WHETHER GEOMETRY IS AT ALL USEFUL?

It would seem that learning the method of rigorous deduction is useful 

to all in evaluating arguments of all sorts.

Objection 1. Geometry does indeed teach the art of making rigorous 

deductions. (Forget that Euclid did not know that, if b is between a 

and c, the b is between c and a.) The fact is that deduction is not 

all that rigorous in physics. (What is the event space in which 

special relativity operates? It is not a metric space, for two 

distinct events, a photon leaving the sun eight minutes ago and its 

arrival on earth now has a zero Minkowski metric. I could not find an 

answer in the physics library when I was an undergraduate math major 

at U.Va. and had to await Mario Bunge's Foundations of Physics (1967), 

from which I have lifted the first sentence of the Duchess's Epilogue. 

Even so, most physicists pay little attention to lack of rigor.)

Objection 2. Geometry is little used even by mathematicians. It is 

enough for scientists and engineers simply to know various formulae, 

like the Pythagorean theorem, which can be taught quickly using 

algebra, and not burden them with a year long course in geometry, 

which comes at the expense of studying probability and statistics. 

Knowing how to spot bogus statistical arguments is helpful to 

everyone, not just those few who will ever use the theorems of 

geometry.

On the contrary, teachers should continue to acquaint students with 

rigorous reasoning, though not necessarily through geometry. The Panel 

should ask how this acquaintance might be accomplished more 

effectively and efficiently. A balance should be struck between the 

conservative principle of retaining the wisdom of the past (which 

includes the teaching of geometry) as opposed to Mr. Jefferson's "dead 

hand of the past" and Mr. Mencken's definition of tradition as "the 

cumulation of centuries of imbecilities."

Reply to Objection 1. Deduction isn't always so rigorous in 

mathematics. Recall the ghosts of departed quantities, abolished by 

Bolzano and Cauchy (see 

http://www.maths.uwa.edu.au/~schultz/3M3/Bolzano_v_Cauchy.html) in the 

nineteenth century and reinstated rigorously by Abraham Robinson in 

the 1960s.

Law is much, much worse. Get your students to read some Supreme Court 

opinions. If you have gifted students and if you are a highly gifted 

teacher yourself, your students will discover that these opinions fall 

far short of the standards of rigor of geometry. How can such learned 

judges come to opposite conclusions or issue concurring opinions? We 

know what the Court actually decided (except of course that future 

courts will have to interpret the decision). It is useful to know that 

the law is much less rigorous than geometry (except that all those who 

have suffered both geometry and law courses don't seem to fully know 

it).

Reply to Objection 2. While perhaps an entire year of geometry now 

comes at too high an opportunity cost of teaching probability and 

statistics, experience with the "New Math" (basically the use of the 

axiomatic method for algebra) shows that geometry is a far better and 

more proven way to acquaint students with the method of rigorous 

deductive thinking. Trigonometry has largely been eliminated as being 

too costly, and so geometry might be scaled back also, but a working 

experience with the deductive method is too important to forego. 

(Admittedly, just what the transfer of knowledge to near and far areas 

consists of is understood much too poorly.)

This Panel won't recommend scrapping math beyond the eighth grade, but 

at least ask what would happen if students no longer had to suffer 

from high school math. (Why is school so boring? Solve this, and the 

education problem in the country is licked!)

+++++++++++++++++++++

QUESTION 2. THE CRISIS IN MATHEMATICS EDUCATION (four articles)

ARTICLE 1. WHETHER THERE WAS EVER A GOLDEN AGE OF LEARNING?

It would seem that education was much better in the past.

Objection 1. There never was a golden age of learning, and students 

are doing about as well as they ever did. The legend about an 

inordinately difficult eighth grade 1895 test in Salinas, Kansas, is 

either bogus, not what it is claimed to be, covers a select 

population, or misinterpreted. (Use Google on this. Quite 

illuminating.) I did not find any long-term studies for mathematics, 

but Sam Wineburg's delightful, "Crazy for History," The Journal of 

American History, 2004 March, argues this to be the case for American 

history, at least since 1917, and Dale Whittington, "What Have 

17-Year-Olds Known in the Past?" American Educational Research Journal 

28(4) (1991): 759-80, details specific tests. (I can supply the 

articles.)

On the contrary, whether there was ever a golden age of learning, 

today's economy demands better learning than existed in the past.

Reply to Objection 1. Still, there has been a decline in test scores 

starting in the 1960s, and this must be addressed.

ARTICLE 2. WHETHER ANYTHING NEEDS TO BE DONE?

It would seem that the failure of schools to adequately educate 

students is an urgent matter.

Objection 1.  The normal forces of supply and demand would ensure that 

the numbers of mathematicians and yoga instructors would be set by the 

market. If the demand for mathematicians should rise, the number of 

students majoring in the field would also rise. There are no laws 

limiting the number of courses in math one can take or the number of 

math majors at a college.

On the contrary, there are certainly many ways the education system 

does not work properly. It is not the failure of higher education that 

is at issue but insufficient numbers of those prepared to profit from 

studying mathematics after high school. The Panel needs to clarify 

just what failures need to be addressed and how.

Reply to Objection 1. There are at least three kinds of failure at 

work

A. Market failure. One reason there are public schools is that too 

many parents do not meet the economist's criteria for rationality and 

that the public wants to protect children from their irresponsibility. 

Furthermore, we all tend to have short time horizons, optimal perhaps 

for our hunting and gathering days, but suboptimal now. In implicit 

recognition of this, voters regularly elect politicians to cope with 

this suboptimality by mandating forced savings for adults and 

compulsory education for children.

B. Government failure. Teachers' unions make it mandatory that math 

teachers get paid no more than English teachers. There is a shortage 

of math teachers, since they command a larger salary in the market. 

This is failure at the State level, failure to reign in nation-wide 

rent-seeking by unions. The President introduced legislation to cap 

medical malpractice settlements. The Democrats, who get the lion's 

share of political contributions from the National Trial Lawyers 

Association, blocked the law by filibustering in the Senate. The No 

Child Left Behind Act, by contrast, went through, due to the extra 

monies promised to the schools, more than enough to make up for 

hypothetical withdrawal of Federal funds after 2013/14.

C. The abiding failure of human nature. The problem could be as old as 

when an animal could first explore and learn from its environment and 

so was no longer dependent on rigid genetic instructions. Perhaps in 

the Old Stone Age, when our basic thought patterns were set, children 

learned everything their parents wanted them to. Certainly by the 

Bronze Age, this was no longer the case, when the Lord Himself had to 

mandate instruction:

Deuteronomy 11:19. And ye shall teach them your children, speaking of 

them when thou sittest in thine house, and when thou walkest by the 

way, when thou liest down, and when thou risest up.

Our time horizons were at most those of a year in the Old Stone Age. 

In today's world, learning is much extended, and lifelong learning 

must be fostered by instilling the habits of learning and, moreover, 

learning how to learn, early on.

ARTICLE 3. WHETHER MATH NOT LEARNED NOW CAN BE LEARNED LATER?

It would seem that self-interested individuals can pick up whatever 

mathematics they come to realize they need at any time.

Objection 1. There are such things as critical periods for learning.

Objection 2. Businesses will not provide training, since trained 

workers can move elsewhere and take with them the training a firm has 

provided.

Objection 3. Later in life, workers have too many other objectives to 

accomplish, while kids have time on their hands. Furthermore, the 

brain is more supple at earlier ages.

Objection 4. Workers have short planning horizons set in the 

Environment of Evolutionary Adaptation (EEA), generally the Lower 

Paleolithic.

On the contrary, the Panel should investigate the genuine barriers to 

adult education and the extent to which mathematics education should 

be directed toward enable adults to learn math later, or "learning how 

to learn."

Reply to Objection 1. This may very well be the case, but none of the 

articles in the Journal for Research in Mathematics Education that I 

spotted go into the matter.

Reply to Objection 2. This is too general a problem and looks like 

rent-seeking on the part of businesses to get the taxpayer to foot the 

bill for training.

Reply to Objection 3. This could merely mean that further education is 

not all that it is cracked up to be.

Reply to Objection 4. This again is too general, as witness what is 

supposedly "too low" as savings rate (never mind that most investment 

comes from retained earnings by businesses), and says nothing about 

how big this molehill is.

ARTICLE 4. WHETHER THE NEED FOR MATHEMATICIANS CAN BE KNOWN?

It would seem that no one can say how many mathematicians there 

"ought" to be, since we can't even count them. There were, for 

example,  between 4 and 15 million scientists and engineers in 2003, 

depending on how they are counted 

(http://www.nsf.gov/statistics/seind06/c3/c3s1.htm). International 

data is even less reliable. Such projections as do get made do little 

more than draw straight lines on logarithmic paper.

Objection 1. We very well know that mathematics, whether at the level 

of basic numeracy to that of pure mathematicians, is going to become 

so much more needed as computerization of basic work through the 

ability to make sophisticated new products as product cycles continue 

to shrink that it is pointless to demand quantification. School reform 

will lag so far behind the trends toward computerization and global 

competition that there is no chance that there will be too much 

mathematics taught in schools. This is what Mr. Jefferson called "the 

common sense of the matter."

On the contrary, the Panel should strive to find a proper balance 

between requiring certain courses for all and making others available.

Reply to Objection 1. It is not at all clear that far too much math is 

required in schools already. Furthermore, courses are indeed available 

for those who want to further their mathematical learning.

+++++++++++++++++++++++++

QUESTION 3. TRUTH TO BE TOLD TO A BENEVOLENT DESPOT (two articles)

ARTICLE 1. WHETHER THE PANEL BASICALLY WANTS TO TELL A BENEVOLENT 

DESPOT WHAT TO DO?

It would seem that there is a inbuilt bias toward saying "this is how 

I want the world to be" and then advising a benevolent despot about 

what to do. This "truth model," as James M. Buchanan calls it is 

entirely different from his "exchange model," which says that voters 

simply have different desires about what public goods they want 

provided, whence the basic problem become how to design a constitution 

so that voters get what they want for themselves without having to pay 

for too many things they don't want.

Objection 1. There is such a consensus about what students should 

learn in mathematics that there is really no difference between the 

truth and exchange models. The only real differences are over how best 

to achieve these aims, and finding out is the principle task of the 

Panel.

On the contrary, there are serious divisions about the aims of 

education, and they play into the culture wars. This war, according to 

James Davidson Hunter, The Culture Wars, is all about the existence of 

transcendental source of (absolute) morality vs. the contextualist 

(whom the absolutists call relativist) approach, which denies this. 

The Panel should strive to bring this conflict out in the open, for no 

one takes an extreme position on these matters.

Reply to Objection 1. This is just not true, as argued above, if only 

due to differences on what mathematics is good for, to the extent that 

this have even been thought about in the first place. Beyond this, 

there are four principle philosophies of education:

A. Perennialism, which urges the study of the classics, be it the 

Bible, the Koran, or the Little Book of Chairman Mao, whose principle 

task is that of moral education. Largely vanished from the public 

schools in America, a look at Ministry of Education websites in East 

Asia shows that specific time periods in Japan and Korea are set aside 

for moral education, specifically so named. Conservatives generally 

regard moral education as a good thing. This not specifically related 

to mathematics, however.

B. Essentialism. This, also called "Back to the Basics," holds that 

education should be organized around specific subjects and around the 

specifics of knowledge to be learned in each of these subjects. This 

approach also appeals to conservatives, as well as to expert panels 

who strive to draw up curriculum standards.

C. Progressivism. This approach envisions not so much a body of 

materials to be learned but rather the formation of habits of thought. 

(Dewey's concentration on training students to serve the common social 

good can be detached from this overall vision). This appeals to 

liberals.

D. Existentialism. This says that students should build their own 

course of study by following their various blisses. This also appeals 

to liberals, even if they characteristically are concerned with 

society-wide problems, and it assumes that young students both know 

their "particular circumstances of time and place" (Hayek, see below) 

about what paths to take to achieve whatever they want to achieve, 

regardless of how well they are prepared to cope in the world after 

they leave school. It  assumes that education is as much about the 

self-construction of personalities as anything else. It is the 

ultimate in free-market choice.

ARTICLE 2. WHETHER THE PANEL'S ADVICE IS ARBITRARY?

It would seem that are chosen by a Darwinian selection process. Those 

that deviate from the median by more than seven percent are deemed 

over the top, off the wall, and out to lunch. (The worst case is that 

of bio-ethicists.) The consensus changes over time: one can join a 

panel today without insisting that trigonometry be mandated or even 

taught. Probably not so with geometry and certainly not so for anyone 

insisting that no math be required after junior high school. Any 

consensus will lag behind reality.

Objection 1. There is an objective, external world out there, and the 

process of deduction, induction, and abduction results in closer and 

closer approximation to this reality.

Objection 2. Cultural literacy does not require much knowledge of 

mathematics. Eric Donald Hirsch, a top expert in the subject, did not 

give Gödel's Incompleteness Theorem, certainly the most celebrated 

result in mathematics in the last century, among his 6,900 entries. 

See http://www.barlelby.com/59/ for an online version of The New 

Dictionary of Cultural Literacy, third edition, 2002)

On the contrary, the Panel should think instead about what level of 

mathematical literacy can be achieved in popular culture as well as 

about what students should take in school and how the courses should 

be taught. General familiarity with statistics would benefit the 

citizens, as consumers and as voters alike, in helping them spot bogus 

arguments. This is hardly an arbitrary claim.

Reply to Objection 1. Whether or not it would be arbitrary to demand 

knowledge of this particular item, surely a broader appreciation  (his 

definition of mathematics is just "The study of numbers, equations, 

functions, and geometric shapes (see geometry) and their 

relationships. Some branches of mathematics are characterized by use 

of strict proofs based on axioms. Some of its major subdivisions are 

arithmetic, algebra, geometry, and calculus."

Reply to Objection 2. It would be remarkable if students should 

remember the quadratic equation! I have asked countless folks to 

recite it to me; only those who had majored in math remember it. (I 

actually had an occasion to use it, once, when I was fooling around 

with some data and came up with a quadratic equation.) The most that 

might be hoped for is that equations be presented, along with graphs,^ 

in popular culture, such as non-science television shows and pamphlets 

that get handed out on street corners. Yet I am reliably informed that 

even in Japan, where students score well on international math tests 

and who are driven hard by themselves, their parents, and their 

society, equations are absent in popular culture.

^(The first graph was drawn about 1340 by Nicole Orésme of the 

Universities of Paris and Oxford and was unknown to mathematicians of 

ancient Greece, Rome, China, and India. There may be examples of early 

graphs representing continuous change, but since this concept did not 

fit into their deep cultures, it was not developed. This is my 

favorite example of a second-nature notion that is so prevalent around 

the world that it seems like first nature.)

=====================

QUESTION 4. THE STRUCTURE OF EDUCATIONAL GOVERNANCE

It would seem that the present policy of letting the States do 

whatever they will to improve education, under the prospect of no 

longer getting all the Federal monies they would have if educational 

progress is not adequate constitutes the right mix between central and 

local control.

Objection 1. The main issue is not what supposedly should be taught 

and how but why these reforms and strengthenings have not already been 

done. Teachers in America are so bound by bureaucratic rules that they 

cannot rely their own "the knowledge of the particular circumstances 

of time and place"^ and adopt their teaching accordingly. Liberate the 

teachers from the educrats!

^(The reference is to Friedrich Hayek's article, "The Use of Knowledge 

in Society" (1945) American Economic Review 35(4): 519-530, 

http://virtualschool.edu/mon/Economics/HayekUseOfKnowledge.html, which 

all Panelists are strongly urged to read.)

Objection 2. Research is directed too heavily toward "one size fits 

all," even as this is hotly denied. When NCLB gets reauthorized, care 

should be taken to allow experimentation and not punish trying out 

promising practices that eventually fail. A superior form of 

educational governance would view failures positively, as being 

necessary to learn from experience. Henry Petroski's engaging Success 

through Failure shows this for engineering, but it is applicable 

everywhere. Education reform is as much about setting up a learning 

network among educators as it is in achieving immediate results on 

standardized tests. The plain reality is that humans communicate 

largely by stories, meaning that a teacher will pay the greatest 

attention to a fellow teacher that has gained his respect and less to 

empirical studies no matter how good.^

^(The Panelists are also strongly urged to browse, if not read, Paul 

H. Rubin's Darwinian Politics: The Evolutionary Origin of Freedom 

(Rutgers UP, 2002). Paul is a professor of economics and law at Emory 

University and is well-versed both in Public Choice economics and 

socio-biology, whose respective paradigms of utility and fitness 

maximization conflict with each other. On page 177, he recounts the 

case of Ford Motor Company using statistical analysis to defend itself 

in the Pinto liability case, as deliberately including a dangerous 

feature in its design of the Pinto on grounds of its over-all 

cost-effectiveness, as the law indeed explicitly allowed. The 

prosecutors paraded the injured in front of the jury, and the jurors 

awarded huge damages to the injured.)

Objection 3. The largest (though unintended) effect of NCLB is to take 

control from teachers, schools, districts, and counties and 

concentrate them in the States. By mandating State-wide curriculum 

standards, any previous drift toward increasing critical thinking in 

the school curriculum, has been halted.

Objection 4. It is "thinking outside the box" that is more needed than 

simply feeding back answers on tests. No National Panel can possibly 

reach any consensus on what such "lateral thinking" consists of, to 

say nothing about how to foster its development. The only way to 

foster lateral thinking is to let teaching innovations bubble up from 

the bottom, even at the expense of failing to make Adequate Yearly 

Progress in some instances.

On the contrary, the Panel should pay the greatest attention to the 

structure of educational governance, along with thinking about what 

mathematics is good for and how better to teach it. How much 

within-State variation should be allowed is something for the Panel to 

dwell upon and about which to make representations to the 

reauthorizers of NCLB. Every mathematician (and economist) knows that 

It is rarely the case that optimum = maximum (which would lead to 

irresponsibility ) or optimum = minimum (which would stifle 

innovation). Indeed, establishing a learning network about successful 

and unsuccessful innovations could well lead to better (though not 

immediately measurable)  improvements in math education than any 

implementing of what are now regarded as better methods of teaching.

Reply to Objection 1. This would lead to irresponsibility. The choices 

are 1) choice (free market), 2) irresponsibility, and 3) 

accountability. There being no real prospect of privatizing education, 

the No Child Left Behind Act strengthens accountability, and 

strengthens it beyond what the States are capable of.

Reply to Objection 2. Such a learning network can indeed be set up, 

but it should still be up to the States to try only those reforms that 

ensure that the basics still be learned and that Adequate Yearly 

Progress continue to be made.

Reply to Objection 3. There is nothing that precludes changes in NCLB, 

when it is reauthorized, to allow different standards varying by 

school. Students at some schools could be assessed partly on the basis 

of better and better mastery of higher-level thinking skills. There is 

no need for this to come at the expense of failing to improve on the 

mastery of basic skills.

Reply to Objection 4. It will be well enough for States to define and 

measure these higher-level skills (which need to be applied only to 

certain schools or selected students within those schools.) If a 

learning network, that reaches across the States can be set up, more 

and more States can join in as they themselves see fit. Thought should 

be given to flexibility within counties, districts, and individual 

schools, but within the overall framework of making Adequate Yearly 

Progress according to State-wide standards that apply to all schools. 

It is not clear that there are genuine trade-offs to be made.

===============

QUESTION 5. TREATMENT OF THE GIFTED (two articles)

ARTICLE 1: WHETHER IT IS ASSUMED BY DEFAULT THAT ALL CHILDREN ARE 

GIFTED?

It would seem that the Panel members, all being gifted themselves, 

design curricular practices that work mostly for the gifted and pass 

over the heads of normal kids.

Objection 1. The Panel members have all been careful to realize this 

problem.

Objection 2. As an example of correcting this bias, the "new math" 

axiomatic approach has largely been abandoned, for introducing 

concepts too early, though it lives on math instruction. I was a new 

math guinea pig in 1959-60 but find that post-new math students manage 

to know, for example, what the intersection of sets are and what the 

distributive law states. It's just that these "New Math" ideas are 

introduced only later and are not subject to axiomatic treatment. Yet 

the much more recent "constructivist" approach to mathematics (also 

called the problem solving approach) has been subject to the same 

criticism as being inappropriately advanced conceptually for most 

students.

On the contrary, the Panel should scrutinize all studies they have for 

differential effects on different students of various programs, search 

the universe and its attics for other studies, and that future studies 

pay attention to this issue. They should bear in mind what the great 

sociologist of science, Robert King Merton, dubbed the Matthew effect, 

viz.:

For vnto euery one that hath shall be giuen,

and he shall haue abundance:

but from him that that not

shal be taken away

euen that which he hath.

--Matthew 25:29 (original 1611 spelling) (Parable of the Talents)

The Panel should be acutely aware of the intrusion of the culture wars 

into the writing of articles and their evaluation. The notion of a 

transcendental and absolute source for morality that dominates on one 

side (what was in the 1950s called the "squares," as opposed to the 

"mods") manifests itself psychologically in standing firm and not 

caving in. Both sides accuse the other side of caving in with great 

regularity . The [Henry] Petroskian virtue of "success through 

failure" is more needed than ever before. (This is also called 

"openness to experience" and is among the "Big Five" Personality 

Factors, clusters determined through factor analysis, the others being 

conscientiousness, agreeableness, extroversion, and neuroticism).

Reply to Objection 1. The bias toward assuming everyone is like 

oneself is so powerful that it creeps in despite the best intentions.

Reply to Objection 2. There are arguments that the problem-solving 

approach (that is, the pedagogy of presenting real-world problems to 

students rather than drilling them on formulae, whereby they construct 

their own understanding of mathematics on the fly) works at least as 

well as more traditional back-to-the-basics approach. See, Alan H. 

Schoenfeld, "Problem Solving in The United States, 1970-2007: Research 

and Theory, Practice and Politics" (Draft H, October 14, 2006.  To 

appear in: G. Törner, A. H. Schoenfeld, & K. Reiss (Eds.). Problem 

Solving Around the World--Summing up the State of the Art. Special 

issue of the Zentralblatt für Didaktik der Mathematik/International 

Reviews on Mathematics Education: Issue 1, 2008 (which I can supply).

ARTICLE 2: WHETHER THE SPECIAL NEEDS OF THE GIFTED ARE BEING IGNORED?

It would seem that the gifted are basically no different from the rest 

of the population and that they will flourish in any atmosphere.

Objection 1:  Penny Van Deur's study, "Gifted Reasoning and Advanced 

Intelligence," from the Australian Association for the Education of 

the Gifted and Talented, of which I can supply a copy,^ , argues that 

gifted children are able to negotiate and construct meta-mental maps, 

that is several diverse ways of approaching problems and, moreover 

begin to do so at the earliest ages.

^The essay was at http://www.nexus.edu.au/teachstud/gat/vandeur.htm, 

but many or most of its files have been moved to 

http://www.dete.sa.gov.au. Lots of articles on the gifted are still 

there.

Objection 2: Gifted children commonly get bored with school and even 

drop out. They do not achieve their potential.

On the contrary, it is crucial to resolve these issues, especially to 

bring out the full creative powers of the gifted, for America will 

increasingly rely on the special contribution of their gifted in an 

increasingly competitive world.

Reply to Objection 1: The opportunity costs of specially catering to 

the gifted, as argued in Mara Sapon-Shevin's  Playing Favorites: 

Gifted Education and the Disruption of Community should not be 

slighted.

Reply to Objection 2. Gifted children, in fact, are better off in 

mainstream classrooms: "Many gifted programs, for example, focus on 

counseling able students or developing their social skills through 

activities such as leadership training and small-group interaction 

(e.g., Parker, 1983). In the name of improving gifted students' 

creativity, many programs forego substantial academic content and, 

instead, teach problem-solving skills in isolation from any particular 

academic content. These 'skills' are easily acquired and applicable 

only to narrowly-structured problems; they are, in consequence, of 

doubtful merit (McPeck, 1981). As Borland (1989, p. 174) notes, 

special instruction for the gifted often consists of 'an array of 

faddish, meaningless trivia--kits, games, mechanical step-by-step 

problem-solving methods, pseudoscience, and pop psychology.' Moreover, 

educators frequently dissuade students from attempting intellectually 

challenging programs by exaggerating the emotional and social risks of 

strategies like acceleration and early college attendance (Daurio, 

1979)." From Aimee Howley, Edwina D. Pendarvis, and Craig B. Howley, 

"Anti-intellectualism in U.S. Schools, Educational Policy Analysis 

1(6) (1994). http://epaa.asu.edu/epaa/v1n6.html

=====================

QUESTION 6. THE PANEL AS A SHAM (two articles)

ARTICLE 1. WHETHER THE PANEL IS A SHAM?

It would seem that the Panel is basically a sham. No real new research 

will be undertaken, any more than the Institute for Education Sciences 

has come up with substantial research in the several years of its 

existence. Reform is going to take place. Absent research, it will 

take the tried and true path of increasing test scores in line with 

conservative ideology (essentialism mostly) of drill, drill, drill, 

discipline, discipline. It is risky to do actual research, which might 

threaten the entrenched positions of ideologues. (This is all but 

argued by Edward A Silver: "Improving education research: Ideology or 

science?" Journal for Research in Mathematics Education, 34(2) (2003 

March) ,  p. 106f, of which a copy can be furnished.)

Objection 1. These charges are so predictable that they will be hurled 

regardless of the facts of the situation and therefore should be 

ignored. The Panel members do indeed represent a wide variety of 

points of views.

On the contrary, the Panel should address the matter of the culture 

wars up front and relate them to various philosophies of mathematics 

education.

Reply to Objection 1. The culture wars are nevertheless real.

Reply to Objection 2. In an ideal world, these relationships would be 

better known, but in any case doing well on tests is important for 

morale, and doing well encourages students and citizens alike to  to 

continue to strive.

ARTICLE 2. WHETHER SCORING WELL ON TESTS IS AN END IN ITSELF?

It would seem that the Panel is a sham, for winning the symbolic 

competition in irrelevant tests of irrelevant courses has become an 

end it itself and is at best weakly related to becoming economically 

"competitive," itself a dubious notion.

Objection 1. Good preparation in mathematics is increasingly important 

in a world where production is becoming more and more based upon 

applying science and using engineering skills.

Objection 2. The tests we have are good measures of the skills that 

will be more and more needed in the future economy.

Objection 3. Being better prepared in mathematics will enable American 

workers to do better in international economic competition.

On the contrary, while scoring well on tests is not without its 

symbolic value, and even if test scores are imperfect indicators, 

having indicators is indispensable. Those who rail against them are 

nevertheless quite willing to use them in support of their ideas.

Reply to Objection 1. However true this is, and still only a small 

number of workers will be engaged in jobs that actually utilize 

mathematics beyond arithmetic, wee know from biology that animals 

engage in ritualized combat, that when beta-male challenges alpha-male 

the winner does not kill the loser but accepts a ritual sign of 

submission. In human warfare, representatives from two parties can be 

chosen to engage in one-to-one combat rather than the winning side 

exterminating the losing side. An appendix contains the original 

description of a very well-known instance of symbolic competition.

Reply to Objection 2. Since the relationship between mathematics 

education and national "competitiveness" is nearly unknown, and since 

"competitiveness" has no operational definition anyhow, except 

GDP/capita (just like "access" to education winds up getting measured 

by enrollment), it is well enough that U.S. students score high on 

these tests. For the same reason, the Iron Curtain countries thought 

it so important that they win in the get a large number of medals in 

the Olympic games that they cheated. They thought it tremendously 

important that their very best athletes run a fraction of a second 

faster than other countries' best athletes, even though this says next 

to nothing about the average speed of the members of these countries, 

since the distribution of running speeds is not normal at the extreme 

ends.

Reply to Objection 3. Spokesmen for education in countries in the Far 

East, such as Japan, China, and Singapore regularly complain that, 

while their students do very well on math tests, they cannot think, 

that is think creatively. There aren't any really good tests of 

independent thinking, and no one know how to foster it.

++++++++++++

QUESTION 7: TABOO ISSUES

This page intentionally blank.

++++++++++++++

APPENDIX 1: CHARTER OF THE NATIONAL MATHEMATICS ADVISORY PANEL

[added to remind the panel members of their original purposes, even if 

my suggestions may, in some instances, go beyond the original 

charter.]

http://www.ed.gov/about/bdscomm/list/mathpanel/charter.pdf

Authority

The National Mathematics Advisory Panel (Panel) is established within 

the Department of Education under Executive Order 13398 by the 

President of the United States and governed by the provisions of the 

Federal Advisory Committee Act (FACA) (P.L. 92463, as amended; 5 

U.S.C. App.).

Background

In order to keep America competitive, support American talent and 

creativity, encourage innovation throughout the American economy, and 

help State, local, territorial, and tribal governments give the 

Nation's children and youth the education they need to succeed, it 

shall be the policy of the United States to foster greater knowledge 

of and improved performance in mathematics among American students.

Purpose and Functions

The Panel shall advise the President and the Secretary of Education 

(Secretary) on the conduct, evaluation, and effective use of the 

results of research relating to proven-effective and evidence-based 

mathematics instruction, consistent with policy set forth in section 1 

of the Executive Order. In carrying out its mission, he Panel shall 

submit to tthe President, through the Secretary, a preliminary report 

not later than January 31, 2007, and a final report not later than 

February 28, 2008.

The Panel shall obtain information and advice as appropriate in the 

course of its work from:

1. Officers or employees of Federal agencies, unless otherwise 

directed by the head of the agency concerned;

2. State, local, territorial, and tribal officials;

3. Experts on matters relating to the policy set forth in section 1;

4. Parents and teachers; and

5. Such other individuals as the Panel deems appropriate or as the 

Secretary may direct.

Structure

The Panel shall consist of no more than 30 members as follows:

1. No more than 20 members from among individuals not employed by the 

Federal Government, appointed by the Secretary for such terms as the 

Secretary may specify at the time of appointment; and

2. No more than 10 members from among officers and employees of 

Federal agencies, designated by the Secretary after consultation with 

the heads of the agencies concerned. The Secretary shall designate a 

Chair of the Panel from among the group of 20 members who are not 

employed by the Federal Government. Non-Federal members of the Panel 

shall serve as Special Government Employees (SGEs). As SGEs, the 

members will provide personal and independent advice based on their 

own individual expertise and experience.

Meetings

Subject to the direction of the Secretary, the Chair, in consultation 

with the Designated Federal Official (DFO), shall convene and preside 

at meetings of the Panel, determine its agenda, direct its work, and, 

as appropriate, deal with particular subject matters, and establish 

and direct the work of subgroups of the Panel that shall consist 

exclusively of members of the Panel.

The Secretary or her designee shall name the Designated Federal 

Official (DFO) to the Panel. The Panel shall meet at the call of the 

DFO or the DFO's designee, and this person shall be present for all 

meetings. The DFO will work in conjunction with the Chair to convene 

meetings of the Panel.

Meetings are open to the public except as may be determined otherwise 

by the Secretary in accordance with Section 10(d) of the FACA. 

Adequate public notification will be given in advance of each meeting. 

Meetings are conducted and records of the proceedings kept as required 

by applicable laws. A majority of the members of the Panel shall 

constitute a quorum but a lesser number may hold hearings.

Estimated Annual Cost

Members of the Panel who are not officers or employees of the United 

States shall serve without compensation and may receive travel 

expenses, including per diem in lieu of subsistence, as authorized by 

law for persons serving intermittently in Government service (5 U.S.C. 

5701-5707), consistent with the availability of funds.

Funds will be provided by the Department of Education to administer 

the Panel. The estimated annual person-years of staff support are four 

(4) Full-Time Equivalents. The estimated two-fiscal-year cost will be 

approximately $1,000,000.

Report

The Panel shall submit to the President, through the Secretary, a 

preliminary report not later than January 31, 2007, and a final report 

not later than February 28, 2008. Both reports shall, at a minimum, 

contain recommendations, based on the best available scientific 

evidence, on the following:

1. The critical skills and skill progressions for students to acquire 

competence in algebra and readiness for higher levels of mathematics;

2. The role and appropriate design of standards and assessment in 

promoting mathematical competence;

3. The processes by which students of various abilities and 

backgrounds learn mathematics;

4. Instructional practices, programs, and materials that are effective 

for improving mathematics learning;

5. The training, selection, placement, and professional development of 

teachers of mathematics in order to enhance students' learning of 

mathematics;

6. The role and appropriate design of systems for delivering 

instruction in mathematics that combine the different elements of 

learning processes, curricula, instruction, teacher training and 

support, and standards, assessments, and accountability;

7. Needs for research in support of mathematics education;

8. Ideas for strengthening capabilities to teach children and youth 

basic mathematics, geometry, algebra, and calculus and other 

mathematical disciplines;

9. Such other matters relating to mathematics education as the Panel 

deems appropriate; and

10. Such other matters relating to mathematics education as the 

Secretary may require.

The Secretary may require the Panel, in carrying out subsection 2(b) 

of Executive Order 13398, to submit such additional reports relating 

to the policy set forth in section 1 of the Executive Order.

Termination

Unless extended by the President, this Advisory Panel shall terminate 

April 18, 2008.

This charter expires April 18, 2008.

Approved:

___________________________

Date Secretary

Filing date:

+++++++++

APPENDIX 2: I Samuel 17

(a well-known instance of the use of symbolic competition)

1 Now the Philistines gathered together their armies to battle, and 

were gathered together at Shochoh, which belongeth to Judah, and 

pitched between Shochoh and Azekah, in Ephes-dammim.

2 And Saul and the men of Israel were gathered together, and pitched 

by the valley of Elah, and set the battle in array against the 

Philistines.

3 And the Philistines stood on a mountain on the one side, and Israel 

stood on a mountain on the other side: and there was a valley between 

them.

4 And there went out a champion out of the camp of the Philistines, 

named Goliath , of Gath, whose height was six cubits and a span.

5 And he had an helmet of brass upon his head, and he was armed with a 

coat of mail; and the weight of the coat was five thousand shekels of 

brass.

6 And he had greaves of brass upon his legs, and a target of brass 

between his shoulders.

7 And the staff of his spear was like a weaver's beam; and his spear's 

head weighed six hundred shekels of iron: and one bearing a shield 

went before him.

8 And he stood and cried unto the armies of Israel, and said unto 

them, Why are ye come out to set your battle in array? am not I a 

Philistine, and ye servants to Saul? choose you a man for you, and let 

him come down to me.

9 If he be able to fight with me, and to kill me, then will we be your 

servants: but if I prevail against him, and kill him, then shall ye be 

our servants, and serve us.

10 And the Philistine said, I defy the armies of Israel this day; give 

me a man, that we may fight together.

11 When Saul and all Israel heard those words of the Philistine, they 

were dismayed, and greatly afraid.

12 Now David was the son of that Ephrathite of Bethlehem Judah, whose 

name was Jesse; and he had eight sons: and the man went among men for 

an old man in the days of Saul.

13 And the three eldest sons of Jesse went and followed Saul to the 

battle: and the names of his three sons that went to the battle were 

Eliab the firstborn, and next unto him Abinadab, and the third 

Shammah.

14 And David was the youngest: and the three eldest followed Saul.

15 But David went and returned from Saul to feed his father's sheep at 

Bethlehem.

16 And the Philistine drew near morning and evening, and presented 

himself forty days.

17 And Jesse said unto David his son, Take now for thy brethren an 

ephah of this parched corn, and these ten loaves, and run to the camp 

to thy brethren;

18 And carry these ten cheeses unto the captain of their thousand, and 

look how thy brethren fare, and take their pledge.

19 Now Saul, and they, and all the men of Israel, were in the valley 

of Elah, fighting with the Philistines.

20 And David rose up early in the morning, and left the sheep with a 

keeper, and took, and went, as Jesse had commanded him; and he came to 

the trench, as the host was going forth to the fight, and shouted for 

the battle.

21 For Israel and the Philistines had put the battle in array, army 

against army.

22 And David left his carriage in the hand of the keeper of the 

carriage, and ran into the army, and came and saluted his brethren.

23 And as he talked with them, behold, there came up the champion, the 

Philistine of Gath, Goliath by name, out of the armies of the 

Philistines, and spake according to the same words: and David heard 

them.

24 And all the men of Israel, when they saw the man, fled from him, 

and were sore afraid.

25 And the men of Israel said, Have ye seen this man that is come up? 

surely to defy Israel is he come up: and it shall be, that the man who 

killeth him, the king will enrich him with great riches, and will give 

him his daughter, and make his father's house free in Israel.

26 And David spake to the men that stood by him, saying, What shall be 

done to the man that killeth this Philistine, and taketh away the 

reproach from Israel? for who is this uncircumcised Philistine, that 

he should defy the armies of the living God?

27 And the people answered him after this manner, saying, So shall it 

be done to the man that killeth him.

28 And Eliab his eldest brother heard when he spake unto the men; and 

Eliab's anger was kindled against David, and he said, Why camest thou 

down hither? and with whom hast thou left those few sheep in the 

wilderness? I know thy pride, and the naughtiness of thine heart; for 

thou art come down that thou mightest see the battle.

29 And David said, What have I now done? Is there not a cause?

30 And he turned from him toward another, and spake after the same 

manner: and the people answered him again after the former manner.

31 And when the words were heard which David spake, they rehearsed 

them before Saul: and he sent for him.

32 And David said to Saul, Let no man's heart fail because of him; thy 

servant will go and fight with this Philistine.

33 And Saul said to David, Thou art not able to go against this 

Philistine to fight with him: for thou art but a youth, and he a man 

of war from his youth.

34 And David said unto Saul, Thy servant kept his father's sheep, and 

there came a lion, and a bear, and took a lamb out of the flock:

35 And I went out after him, and smote him, and delivered it out of 

his mouth: and when he arose against me, I caught him by his beard, 

and smote him, and slew him.

36 Thy servant slew both the lion and the bear: and this uncircumcised 

Philistine shall be as one of them, seeing he hath defied the armies 

of the living God.

37 David said moreover, The Lord that delivered me out of the paw of 

the lion, and out of the paw of the bear, he will deliver me out of 

the hand of this Philistine. And Saul said unto David, Go, and the 

Lord be with thee.

38 And Saul armed David with his armour, and he put an helmet of brass 

upon his head; also he armed him with a coat of mail.

39 And David girded his sword upon his armour, and he assayed to go; 

for he had not proved it. And David said unto Saul, I cannot go with 

these; for I have not proved them. And David put them off him.

40 And he took his staff in his hand, and chose him five smooth stones 

out of the brook, and put them in a shepherd's bag which he had, even 

in a scrip; and his sling was in his hand: and he drew near to the 

Philistine.

41 And the Philistine came on and drew near unto David; and the man 

that bare the shield went before him.

42 And when the Philistine looked about, and saw David, he disdained 

him: for he was but a youth, and ruddy, and of a fair countenance.

43 And the Philistine said unto David, Am I a dog, that thou comest to 

me with staves? And the Philistine cursed David by his gods.

44 And the Philistine said to David, Come to me, and I will give thy 

flesh unto the fowls of the air, and to the beasts of the field.

45 Then said David to the Philistine, Thou comest to me with a sword, 

and with a spear, and with a shield: but I come to thee in the name of 

the Lord of hosts, the God of the armies of Israel, whom thou hast 

defied.

46 This day will the Lord deliver thee into mine hand; and I will 

smite thee, and take thine head from thee; and I will give the 

carcases of the host of the Philistines this day unto the fowls of the 

air, and to the wild beasts of the earth; that all the earth may know 

that there is a God in Israel.

47 And all this assembly shall know that the Lord saveth not with 

sword and spear: for the battle is the Lord's, and he will give you 

into our hands.

48 And it came to pass, when the Philistine arose, and came and drew 

nigh to meet David, that David hasted, and ran toward the army to meet 

the Philistine.

49 And David put his hand in his bag, and took thence a stone, and 

slang it, and smote the Philistine in his forehead, that the stone 

sunk into his forehead; and he fell upon his face to the earth.

50 So David prevailed over the Philistine with a sling and with a 

stone, and smote the Philistine, and slew him; but there was no sword 

in the hand of David.

51 Therefore David ran, and stood upon the Philistine, and took his 

sword, and drew it out of the sheath thereof, and slew him, and cut 

off his head therewith. And when the Philistines saw their champion 

was dead, they fled.

52 And the men of Israel and of Judah arose, and shouted, and pursued 

the Philistines, until thou come to the valley, and to the gates of 

Ekron. And the wounded of the Philistines fell down by the way to 

Shaaraim, even unto Gath, and unto Ekron.

53 And the children of Israel returned from chasing after the 

Philistines, and they spoiled their tents.

54 And David took the head of the Philistine, and brought it to 

Jerusalem; but he put his armour in his tent.

55 And when Saul saw David go forth against the Philistine, he said 

unto Abner, the captain of the host, Abner, whose son is this youth? 

And Abner said, As thy soul liveth, O king, I cannot tell.

56 And the king said, Inquire thou whose son the stripling is.

57 And as David returned from the slaughter of the Philistine, Abner 

took him, and brought him before Saul with the head of the Philistine 

in his hand.

58 And Saul said to him, Whose son art thou, thou young man? And David 

answered, I am the son of thy servant Jesse the Bethlehemite.

It should be noted that there are contrary happenings, recorded later 

in the same book and in two books following it:

1 Samuel 25:22

So and more also do God unto the enemies of David, if I leave of all 

that pertain to him by the morning light any that pisseth against the 

wall.

1 Samuel 25:34

For in very deed, as the Lord God of Israel liveth, which hath kept me 

back from hurting thee, except thou hadst hasted and come to meet me, 

surely there had not been left unto Nabal by the morning light any 

that pisseth against the wall.

1 Kings 14:10

Therefore, behold, I will bring evil upon the house of Jeroboam, and 

will cut off from Jeroboam him that pisseth against the wall, and him 

that is shut up and left in Israel, and will take away the remnant of 

the house of Jeroboam, as a man taketh away dung, till it be all gone.

1 Kings 16:11

And it came to pass, when he began to reign, as soon as he sat on his 

throne, that he slew all the house of Baasha: he left him not one that 

pisseth against a wall, neither of his kinsfolks, nor of his friends.

1 Kings 21:21

Behold, I will bring evil upon thee, and will take away thy posterity, 

and will cut off from Ahab him that pisseth against the wall, and him 

that is shut up and left in Israel.

2 Kings 9:8

For the whole house of Ahab shall perish: and I will cut off from Ahab 

him that pisseth against the wall, and him that is shut up and left in 

Israel.

++++++++++++

THE DUCHESS'S EPILOGUE

When all was over--that is, when it became clear that nothing 

important is ever over in mathematics education--in came the Duchess 

and drew her morals.

Giftedness Moral: Neither suppose everyone is gifted nor ignore their 

special needs, for they are America's future.

Anthropological Moral 1: Our time horizons were set during the Old 

Stone Age.

Anthropological Moral 2: Contests are highly ritualized, in animal and 

human societies alike. Beware of elevating scoring well on tests to an 

end in itself, even as doing well on these tests will certainly boost 

the morale of Americans.

Cultural Moral: Bring the Culture Wars out in the open. There will be 

less dissension and more openness to pick the best from both sides. 

Polarization is only apparent.

Economics Moral 1: The forces of supply and demand will solve most 

problems. If they do not, consider whether the cure is worth its cost.

Economics Moral 2: Beware of using terms like competitiveness that 

have no operational meaning. What would happen if the United States 

ceased to be "competitive"?

Economic Moral 3: Always consider the cost of lost opportunities, such 

as the neglect of education for the gifted.

Epistemological Moral: Do not fall back on ideological beliefs where 

knowledge is not firm. Rather, sponsor further research.

Ethical Moral: Do not just say "this is how I want the world to be" 

and pretend to be giving advice to a benevolent despot.

Metaphysical Moral: Learning comes from within; it does not come from 

without. "Lead a horse to water, but you can't make him drink." To be 

sure, rare teachers can inspire a willingness to learn, but in 

practice only 10-15 percent of the variation in learning comes from 

variation in methods of course instruction, less if learning is 

learning habits of thought, rather than just doing well on tests. Free 

will is hard to measure, even to proxy, so it is rarely considered in 

research in mathematics education.

Pedagogical Moral 1: How mathematics education is transferred to other 

realms is more important that the math itself, since few students will 

ever use math beyond what they learn in junior high school.

Pedagogical Moral 2: Realize that shifting students from less useful 

math courses to more useful ones will do more for general mathematics 

education than improving teaching techniques for less useful courses.

Political Moral 1: The structure of educational governance is the 

overriding one. Always ask why reforms have not been implemented. What 

are the institutional barriers?

Political Moral 2: Heed the conservative admonition to learn from 

tradition, but do not be afraid to propose different approaches.

Finally, the moral of this set of moral is: Check your Premises.



-----Original Message-----
From: Ron and Linda Johnston
Sent: Wednesday, November 22, 2006 2:00 PM
To: National Math Panel
Subject: The Role of English Instruction in Mathematics


Dear Panel Members,

Please accept my paper on what I believe to be the missing link in 
mathematics education. The two page paper is being submitted as an 
attachment in PDF format. Thank you for this.opportunity to bring so 
important a matter to your attention. .

Sincerely, Ron Johnston


[image: image2.wmf]The Role of English 

Instruction in Mathematics.pdf




-----Original Message-----
From: John Stallcup
Sent: Friday, November 17, 2006 6:42 PM
To: National Math Panel
Subject: National Math Panel Meeting_Public Comment

Public Comment to “The National Math Advisory Panel”
 Palo Alto, California November 5,6 2006

Presented by: John Stallcup

Co-Founder APREMAT/USA

Mr. Chairman and panel members welcome to California, I thank you and the Panel for this opportunity to speak today.  I am the initiator and Co-Founder of APREMAT/USA. APREMAT is the most effective Spanish language  early elementary math program in existence and is in use today by over two million first, second, and third grade students in a number of  Latin American countries. APREMAT/USA as a program of the Heritage of America Foundation will be providing the APREMAT program free to the two million Spanish speaking first, second, and third grade students in the US who by and large are failing to become proficient in mathematics.  

I want to point to four areas of opportunity that need the Panel’s attention: 

First: There is a lack of focus, attention, energy or concerted effort, on effective early elementary math education in general and specifically for English language learners. Not only is there no one person or entity in charge of early elementary math education at the federal, or state level but no major grant making authority either public or private funds early elementary math programs that reach large numbers of students even though efforts to improve reading are well funded across the board at all levels and by corporations including Toyota and State Farm. 

The lack of effective early elementary math instruction creates the pervasive lack of computational skills in the middle grades and is a primary cause of future problems learning algebra and higher math. You cannot reasonably expect the average student to be able to master Algebra without having learned their computational skills to the level of automaticity.

There is a National Institute for Literacy, a National Science Foundation, a Reading First initiative, support from all levels of government and non profits for reading programs large and small. Not only is there no National Institute for Mathematics, or a National Mathematics Foundation, there isn’t even a Mathematics Second Initiative. There are no governmental organizations or initiatives (present company excluded) focused exclusively on mathematics education let alone elementary mathematics. 

Symbols and hero’s matter a great deal. Laura Bush and many other celebrities champion reading. Who will champion mathematics? Without focus you get failure. Without funding you flounder. Without attention there is no energy. 

If Mathematics education is “Mission Critical” you sure can’t tell by where the attention, energy and resources are going.

Second: Math is a world language and a fungible skill set. There are a number of proven well researched early elementary math instructional programs being effectively employed to teach literally millions of less academically fortunate students around the world that could be effectively employed here with little funding or iteration and are not. I would be surprised if anyone in the room had ever heard of APREMAT before today and that is emblematic of a key problem in our attempt at improving math education in the US. Cost effective, easy to implement early elementary math instructional practice and programs have been developed, researched and fielded around the world, and all but completely ignored in the US to our continuing detriment.

· There is near universal employment of the Abacus in parts of China to enable their five year old students to acquire number sense, and compute large columns of figures easily. Chinese students are getting a two year head start over our best math students because they employ a simple, easy to use, inexpensive, tool. In practice a near system wide “advanced placement” program. Chinese educators understand the positive impact of the manipulative aspects of the abacus on brain function for learning more complex subjects. All we need to get started is a set of well produced Utube training pod casts, a few million dollars for a supply of Abacus and the will to use them. 

· Many countries in Latin America use the APREMAT program. First initiated in 1998 by a Honduran foundation APREMAT is already effectively used by over two million first, second, and third grade students to learn mathematics because it works. Unlike the US, if you don’t pass the math exam for your grade level in Latin America you do not advance to the next grade. 







If you think we have problems finding qualified math teachers willing to work in harsh environments, imagine the problems educators have in the jungles of Latin America (no roads, no windows, dirt floors, no college degrees, no money, etc). Yet the second poorest country in Latin America, Honduras created an effective easy to use, consistently administered, inexpensive, research based, instructional practice for teaching math on the radio in Spanish.

Two thirds of the three and a half million Hispanic k-3 students in the US speak Spanish at home and are by a large margin not “proficient” in math by any definition. Hispanic students taking the California high school exit exam fail to pass the math portion more often than the reading portion.  The word’s “destination disaster” come to mind.  

Third: We can choose to use the internet to empower math education or not. But we cannot claim there is not an effective, inexpensive way to do so. The greatest potential opportunity to advance the level of mathematics instruction occurred a few weeks ago when Google bought Utube. The internet is already an effective, albeit disorganized “force multiplier” for education. The future of math education may in large part be determined by how well educators, organize and integrate online distance learning with the classroom. 

Imagine if someone had bothered to video tape a years worth of Jaime Escalante teaching calculus. India and Singapore are collaborating on www.heymath.com a math instruction website for high school students. A great deal of math instructional content is already available online, whether The Math Forum at Drexel University or MIT’s Open University.  The opportunity is “here and now” to organize both existing and new content into easy to use, effective math education “toolsets” for students and teachers. The content is not well organized or easy to navigate but I suspect the Googleplex down the road could fix that in very little time.

Fourth: Mathematics needs a new narrative. Mathematics as a brand needs to be repositioned. When you listen to the majority of Americans, discuss mathematics you get the distinct impression that something in our bottled water or our Starbucks coffee has given us a mass case of math phobic “dyscalculia”.  This includes many educators. In America we are ashamed when we are illiterate but it is ok to be innumerate.  The far too common and universally acceptable refrain “I am just no good at math” implies a cultural belief in ability over effort. This debilitating belief combined with the general acceptability of being innumerate are two of the biggest impediments to increasing the level of math achievement in the US.   

In order to change the narrative two things must occur. 

· Parents must understand “How high is up”. The “fraud of proficiency” that now exists due to NCLB, must be exposed publicly to enable parents to understand what mathematics problems their child needs to be able to solve. This could be accomplished in part by providing an online quiz based on the NAEP math questions with the national version of “proficiency” as the yardstick. You could encourage daily newspapers to publish the NAEP and TIMSS questions as well.

· The Gross Rating Points (GRPs) of mathematics in the media (electronic & print) need to be significantly increased. The number of hours available of high quality, excellent, relevant, “Sticky” television programming that either directly (Discovery Channel) or indirectly (CSI) teaches science and history are in the thousands. The number of hours of mathematics programming is to low to mention. Ask Madison Avenue and Hollywood for help.  


I suspect no more proficient group of mathematics professionals has ever been assembled. Expectations for this panel are high. Educators across the country are hoping your work will result in actionable concrete recommendations that work for all students no matter their income, origin, or genotype. 

 
Although the Federal budget only provides about 8% of education funding, you will set the mathematics education agenda for at least the coming decade.  The ability to identify, clarify and help initiate fundamental positive changes in mathematics education is in your hands. 

I hope you create a clarifying focus on all levels of mathematics that isn’t there at the state or federal levels. I hope you encourage more foundation support for early math education. I hope you will benchmark and borrow proven effective mathematics instructional programs from other nations. I believe if you leverage the internet today thru public private collaborations you will accelerate the process of improvement and last but not least please begin the process of changing the present negative, exclusive debilitating, narrative to the positive, empowering, inclusive, story that is mathematics.  Thank you and good luck.



-----Original Message-----
From: Harte Willis
Sent: Tuesday, November 14, 2006 2:29 PM
To: National Math Panel
Subject: math book
Dear National Math Panel,
Greetings from Iowa!  After seeing the piece in today’s Times about math teaching, I wanted to bring your attention to a Russian middle school math book I translated and adapted several years ago.  The response to the textbook has been, as they say, overwhelming, and reviews uniformly positive.  You may see the book at http://www.perpendicularpress.com
Thanks,
Will Harte,
George Washington High School,



-----Original Message-----
From: Gavi Kohlberg
Sent: Thursday, November 09, 2006 11:36 PM
To: National Math Panel
Subject: Comment from Palo Alto

Public comment for meeting of National Mathematics Advisory Panel

November 6, 2006

Gavi Kohlberg

Stanford School of Medicine

Former CEO of Digi-Block

I strongly urge the National Mathematics Advisory Panel to examine scientific evidence related to innovative teaching and learning methods and tools.  While evaluating long-practiced teaching techniques is clearly valuable and necessary, evaluating innovations in math education is of utmost importance.  Innovations should have tremendous importance to us in math education, just as they have tremendous importance to us in fields such as medicine.  Innovations let us do things that we couldn’t do before, or let us do things better than before.  For example, the advent of imaging technology allows us to see within the human body without opening it up.  Perhaps an advance in math education could allow us to teach place value so well we would not have to teach it over again each time we introduce a new procedure!  

Just to make clear the potential benefits of innovation.  Note that identifying an advance that can teach a segment of mathematics 20% “better” would lead to huge benefits if it were identified and applied to a significant portion of our students.  I strongly believe that such innovations currently exist and are underutilized.  

To ground this public comment in reality, I’d like to briefly give an example of an innovation that I believe is underutilized that could have a tremendous effect on our ability to teach students the foundations of  mathematics.  

The Digi-Block teaching method, invented by my father, mathematician Elon Kohlberg, and honed by many dedicated individuals and teachers over the last several years has the potential of increasing students’ understanding of number sense dramatically (both in terms of depth of understanding as well as in efficiency of learning).    

The great advance of Digi-Block is its merging of theoretical mathematical ideas (like the elegance and complexity of base-10) with educational realities (for example, that young children benefit from tactile experiences) to build an effective framework for children to learn and explore mathematics.  This framework gives young children the ability to do such things as proof their answers to problems, or even proof the algorithms themselves.

Yesterday Mr. Williams deplored the recommendation to take away time from geometry teaching, noting that it was the lone course that emphasized proofs in the K-12 curriculum.  Here is an innovation that allows proof to be an integral part of elementary school math.  

So far there has been very positive feedback from teachers who have successfully implemented Digi-Block.  In addition there is currently a research study over a year underway with students with significant cognitive disabilities in Phoenix, Arizona led by Dr. MaryLou Cheal at Arizona State University.  The preliminary results of this study show tremendous improvement in number sense in a cohort that is believed to have extremely limited mathematical potential.  Hopefully, similar improvement will be shown through a study in a broader cohort in the near future.  

In my opinion, one of the weaknesses of math education, particularly at the foundation, the elementary school level, is that very few of the individuals involved, from teachers to policy makers, have a strong background in both elementary school education and higher level mathematics.  This severely hurts our ability to identify and evaluate innovations, like Digi-Block, that make important advances that must be appreciated both mathematically and educationally.  Yet this is a potential strength of this panel, where as a whole, these abilities are present.  So I respectfully urge you to make sure that important innovations are recognized and, if effective, recommended to be incorporated into mainstream mathematics education now and in the future.    

Thank you.



-----Original Message-----
From: Richard Schaar
Sent: Wednesday, November 08, 2006 12:44 PM
To: National Math Panel
Subject: Thank you and comment

Tyrrell and Jennifer, I wanted to thank you for the opportunity to speak to the National Math Panel.  I hope that I was able to answer the members' questions.  If they seek more information, most of my points were from the document submitted by Texas Instruments to the Panel.  The history of TI and Instructional Calculators and TI's experience in elementary school is not so if the Panel has further questions in that area, please contact me.  If there is a question on TI written materials, you can contact any of us. 
 

In addition, I would like to thank you for letting us attend the day's sessions which we did.  There was a great deal of very helpful information presented during the day.  It caused me to reflect on my experience with National work in math and science education so I would like to make a personal comment on the topic of a National Curriculum.  Texas Instruments has supported many National efforts to solve our K-16 math education problems, the Glenn Commission, Susan Sclafani's Summit, and now this Panel.  We also were deeply involved in the business communities efforts in getting No Child Left Behind through the Congress.  
 

At each step, we were told that a National Curriculum was politically impossible.  I have even been told by some that we do not want a National Curriculum because we cannot get it right.  
 

Frankly, I look to this Panel to get it right.  However, once it does, with all decisions about books, curriculum, and standards made locally, the Panel's recommendations maybe impossible to apply..  Each recommendation will have to be modified for the local district, and who knows what will happen after the modification to the efficacy of the intervention.  
 

We see it on a small scale with the successful Richardson program.  It cannot be applied in the same way in the District next door because they use different materials in a different way even though the state test is still the metric.  I think that the Panel needs to take this issue into consideration as it deliberates and consider it for inclusion in its recommendations.
 

Once again, thank you and if you need any more information from us, please feel free to contact us anytime.  You are doing critically important work.
 

Regards,
Richard



-----Original Message-----
From: John Shacter
Sent: Sunday, November 05, 2006 1:28 AM
To: National Math Panel
Subject: How to Make MAJOR (not just Marginal) Educational Improvements

Dear Members of National Math Panel - 

I wonder whether you shouldn't make your math-teaching recommendations in the context of the following, somewhat broader challenge.

After all -- how can we decide what and how to teach anything (including math), except in the context of an accepted mission and of specific performance criteria.

I have sent you several more specific memos on the teaching of math, money management, savings and stock investments, etc.,
and I shall be glad to try to answer your questions or expressions of interest.

Best wishes - John Shacter 

=========================
HOW TO MAKE MAJOR (not just MARGINAL) EDUCATIONAL IMPROVEMENTS

Drafted by John Shacter, 11-04-06, for public consideration and, hopefully, action. 
---------------
I shall begin by listing five rather basic assumptions for the reader's consideration and approval.  

To start: -- Organizations without declared and accepted missions are condemned to flounder and misallocate their always limited, precious resources. 
There must be some reason for having ANY educational system. 
In order to develop and implement an acceptable reform package, it is thus essential that we first agree on the basic mission for "education." 

1. I PROPOSE THE FOLLOWING OVERALL MISSION FOR "EDUCATION": 

TO FACILITATE AND PROVIDE THE MEANS FOR STUDENTS (YOUNGSTERS AND ADULTS) TO ENJOY QUALITY LIVES AND CAREERS IN TODAY'S AND TOMORROW'S "SHRINKING" AND EVERMORE DEMANDING AND COMPETITIVE "OUTSIDE" WORLD.


(We shall elaborate on that mission statement, below. I don't claim any originality for this draft-statement. However, there has been demonstrably a surprising amount of confusion or outright bypassing by the experts on this essential, basic point.)

--------
2. FROM NOW ON, WE SHOULD ALL AGREE THAT THE REAL COMPETITION IS NO LONGER AMONG OUR DOMESTIC SCHOOLS, SYSTEMS OR STATES. IT IS BETWEEN OUR NATION AND A DIVERSE AND RAPIDLY DEVELOPING GROUP OF LEADING NATIONS, SUCH AS CHINA, INDIA, AND -- YES -- FINLAND.


--------
3. AS PART OF EDUCATION, "SCHOOLING" IS A "SERVICE" -- AND AS ANY SERVICE -- WHEN WE REVIEW ITS PERFORMANCE, OR HOW IT COULD BE IMPROVED, WE SHOULD ALWAYS ASK THE INTENDED CUSTOMERS OF THE SERVICE, ALONG WITH THE PROVIDERS OF THE SERVICE.

AND IN THE CASE OF "SCHOOLING," SOME OF THE MOST IMPORTANT CUSTOMERS HAVE GIVEN US THEIR ANSWERS. FOR EXAMPLE, QUALITY EMPLOYERS, PROFESSIONALS AND LEADERS OF QUALITY UNIVERSITIES HAVE BEEN TELLING US THAT TOO MANY OF OUR GRADUATES NEED "REMEDIAL" EDUCATION BEFORE THEY CAN BE FURTHER TRAINED OR EDUCATED. 

(We educators don't like the term "remedial." We prefer the term "developmental" education.)

--------
4. BECAUSE OF WHAT THEY READ OR HEAR IN THE MEDIA, MOST OF THE PUBLIC IS FAIRLY SATISFIED WITH THEIR OWN LOCAL SCHOOLS, ALTHOUGH THEY MAY EXPRESS SOMEWHAT VAGUELY CRITICAL VIEWS OF THE NATIONWIDE STATUS OR PERFORMANCE OF "EDUCATION" AS A WHOLE.

THEREFORE, ANYONE WHO IS FAMILIAR WITH THESE CONDITIONS SHOULD AGREE THAT MAJOR IMPROVEMENTS IN OUR SCHOOLING WILL CONTINUE TO BE VIRTUALLY IMPOSSIBLE TO ACHIEVE, UNLESS A COALITION OF PROFESSIONAL GROUPS, ET AL. IS FORMED AND WAYS ARE FOUND TO LAUNCH AN EFFECTIVE PUBLIC INFORMATION AND MOBILIZATION INITIATIVE.  

A BASIC MESSAGE AND SET OF RECOMMENDATIONS WILL THUS ALSO HAVE TO BE DEVELOPED AND AGREED UPON. MOST OF THE SPECIFICS WILL OF COURSE HAVE TO BE ADDRESSING VARIOUS APECTS OF ENRICHED AND UPDATED CURRICULUM AND TEACHING APPROACHES.


-------
5. FINALLY, IT IS ESSENTIAL THAT THE MESSAGE AND THE WHOLE REFORM PROGRAM BE CONSTRUCTIVE AND FUTURE-ORIENTED, NOT CRITICAL AND PAST-ORIENTED. WE SHOULD NOT BLAME TEACHERS FOR ANYTHING, BUT INDICATE HOW THEY CAN BE FURTHER DEVELOPED. AFTER ALL, TEACHERS AS WELL AS STUDENTS HAVE BEEN AMONG THE VICTIMS OF OUR INSTITUTIONAL INADEQUACIES. 


--------

Please allow me to elaborate on these points.


It has become obvious that -- for the sake of our quality lives and careers, if not survival -- we shall have to prepare most of our public-school (and college) students more fully for quality jobs, careers, and any meaningful and enjoyable participation in the ever wider open and competitive "flat outside world."

So far, we have been losing ground to old and new foreign competition. For example, whereas the Chinese and Indians turn out hundreds of thousands of engineers per year, the U.S. is preparing only about 70,000, and a substantial portion of them are either foreign-born or the children of foreign born parents. (However, we are by far the world's undisputed number-one producer of LAWYERS per capita!)

We must also meet this challenge to our school systems, communities, and homes if we wish to prevent serious slippages in our economic, political and security positions, as well as in our share of the world's quality jobs. And we need to provide effective "catch-up" and "enrichment" programs for interested adults, as well.

However, this time -- before we "invent" another round of educational planning and improving -- let's all commit to the following proposition:

IT SHOULD BE THE CORE MISSION OF OUR PUBLIC SCHOOLS TO PROVIDE THE FULLEST POSSIBLE PREPARATION OF OUR GRADUATES FOR THE "OUTSIDE WORLD."

Other interests can be added. However, they should not be allowed to compete with this core mission.

With 13 years of mandated schooling, not counting any pre-K programs, we should be able to include the following three target areas as key parts of the "outside world":

A. QUALITY EMPLOYMENT AND CAREER 
B. QUALITY HIGHER EDUCATION OR ADVANCED CAREER TRAINING, AND 
C. QUALITY PARTICIPATION IN FAMILY, COMMUNITY AND SOCIETY.

Once we can assume agreement on the above, let us reconfirm and resolve that the public-school curricula of all states should include the following basic and "spice-up" categories of knowledge and skills. I have not attempted to tie each of the following items to just one of the above three mission targets. Rather, I feel that many of the following items would meet the requirements of more than one of the above mission targets:

1. EFFECTIVE COMMUNICATIONS --
INCLUDING EFFECTIVE LISTENING AND READING, WITH UNDERSTANDING AND CRITICAL EVALUATION, FOLLOWED BY CLEAR AND EFFECTIVE SPEAKING AND WRITING. 

Without effective communication, there can be hardly any expression or payoff for any level of education. We currently list some -- not all -- of these topics under titles like reading, vocabulary, spelling, language arts, and writing. All too frequently, any or all of these topics are inadequately presented, appreciated, and practiced. A very simple spot interviewing process -- say of customers in a mall -- could quickly establish the existing gaps among the youngsters and adults of any community. 

(I have in fact developed a list of rather simple questions which could be applied in this kind of sampling process on this topic and any the following ones. For example, one or a couple of the earliest questions should test for effective LISTENING. Obviously, students should be evaluated for levels of understanding and reasoning, and for clarity and effectiveness of expression -- not for the particular views they express. Some teacher development will undoubtedly be required.)

2. EFFECTIVE QUANTITATIVE OPERATIONS AND REASONING (MATH), including "numbers sense", and including sound choices involving the development and selection of preferred alternatives for a future with uncertainties or "probabilities," as well as with facts and data. (See also the next topic.)

In today's rapidly advancing and highly competitive world, this second category of teaching and learning is almost as essential as the first area.

3. MONEY MANAGEMENT, including understanding budgeting, determining profit or loss, assets and liabilities, savings versus stock investments, etc.

Properly presented, this and the following categories can be also regarded as highly interesting and challenging "spice-up" areas. They can be combined or interspersed with any current curriculum.

4. INNOVATION, including scientific, technical/engineering, business, societal/government, and artistic innovations, and successful project or business startup requirements.

5. PERSONAL SUCCESS REQUIREMENTS, including reliability, punctuality, consideration for laws and morals, consideration for members of the family, work-teams, neighborhood, society at large -- and a willingness to insist on the adoption of these personal qualities on the part of all responsible individuals and groups.
(This item to be applied at once, including a spirit of collaboration and proper behavior in our schools, buses, etc.)

6. AWARENESS OF THE BASIC ELEMENTS OF OUR COMMUNITY, STATE, NATION AND WORLD, including key constitutional, political, societal, economic and cultural factors, and current events, issues, and choices.

7. AWARENESS OF MAJOR, PAST WORLD-WIDE AND U.S. DEVELOPMENTS from ancient to current times.

8. REPEATED REVISITATIONS OF CHALLENGING CAREER CONSIDERATIONS AND PLANNING, starting in the elementary grades, with clusters of careers, interesting and well informed outside volunteers, self-evaluation, etc.

This outline of the proposed next round of educational planning and improving will be continued in the form of additional memoranda.
It is not intended to formulate an entirely new curriculum to take the place of the current state or local curricula, BUT IS INTENDED TO "SPICE UP" THE RATHER BORING AND SEEMINGLY PIECEMEAL OR OVERLY COMPLEX APPROACHES THAT WE ARE TAKING IN SO MANY OF OUR TEXTBOOKS AND CLASSROOMS, TODAY! 
AND IT IS ALSO INTENDED TO RELATE THE CURRICULUM AND TEACHING TO THE REAL, OUTSIDE WORLD.

More complete success will also depend upon the existence of ADULT LEARNING PROGRAMS, of early PRE-K PROGRAMS, and of enriching AFTERNOON AND SATURDAY PROGRAMS (like boys and girls clubs), particularly for children who are in need of community subsidies and support.

Obviously, current and future teachers will have to be introduced to some new topics and approaches which would greatly broaden their preparation in today's teachers colleges. Until these colleges enrich their own staff and curriculum, this further development could be arranged in combination with experienced, perhaps retired, local volunteer-professionals or military retirees in communications, in the sciences, in engineering, in enterprise and innovation planning and management, etc. At least hundreds of age-appropriate, introductory videos are also available. They should be prescreened and accessible to every teacher at every public school. (If youngsters know anything, they know how to watch television, and teachers can push the "pause" button for discussion purposes. Most teachers or supervisors would want to preview the videos before introducing them to the class. A considerable fraction of the materials may be almost as "new" to the teachers as to the students.)

The professional volunteers could also assist the teaching process by participating in teachers workshops as well as in regular classrooms. Current certification requirements need to be broadened for this purpose. 

The whole program is intended to be implemented in a positive and constructive -- not critical -- school and community environment. Let's make our teaching and learning as exciting, challenging, profitable and enjoyable, as possible. One of the aims should be to make our teachers and students look forward to their next day of "work."

©2006 John Shacter; semi-retired engineer, management-and-technology consultant, and still very active volunteer-teacher and educational consultant.
Additional background information can be found in the Who's Who volumes of Science and Engineering, and of Finance and Business.
(By the way, John received his early primary and secondary education in Vienna, Austria.)


-----Original Message-----
From: Steven Yang
Sent: Thursday, November 2, 2006 4:41 PM
To: National Math Panel
Subject: Public Written Comment for the 4th Meeting

A Simple and Duplicatable Math Solution for the United States

by Steven Yang, CEO and Founder, MathScore.com

I believe that the National Math Panel should emphasize a solution that can easily be duplicated across every school within the United States, regardless of teacher talent, access to computer technology, and budget. Although proposals to hire staff, train teachers, entertain students, and integrate technology all have merit, none of those types of proposals will effectively scale to meet the needs of every school in the United States.

According to the findings in TIMSS, Asian countries, such as Singapore, China, and Japan greatly outperform the United States. They consistently outperform us without having made any significant adjustments to the way they teach math for well over 100 years. What they do differently is so basic that it surprises me to see such confusion in the United States.

In Asian countries, students are forced to focus on math facts by regularly doing timed tests. By the end of 4th grade, nearly 100% of all students in these countries have complete mastery over their multiplication and addition math facts. Kindergarteners are typically exposed to addition, and by 2nd grade, addition math facts have already become second nature. By the end of 4th grade, without question, these kids know their multiplication facts. Furthermore, these students typically demonstrate superior critical thinking skills. This is because students who know their basics have a proper foundation on which to build critical thinking skills.

According to student usage at MathScore.com, less than 1 in 5 of our 5th grade users start the school year with mastery over multiplication math facts! The root cause of failure of United States math students is an inadequate foundation in basic math skills, caused by the failure to memorize math facts at a young age. Nearly every Algebra I teacher in a low performing school will agree with that statement. If you would like some details regarding our analysis, I would be happy to supply you with anonymous usage data.

As the solution, I believe the National Math Panel should suggest a mandate on regular timed math tests starting with first graders. There should be a standard on the number of problems, difficulty of the problems, and the time allotted at each grade level. This way, regardless of school resources, every teacher in the country can unambiguously adhere to this approach. I also believe knowledge of math facts should be tested on state tests. This solution is simple, measurable, and can be implemented easily in every school in the United States. It even supports the NCTM Focal Points.

For schools with computers, I believe technology can help. MathScore.com provides customizable, printable math facts worksheet generators at no charge. I believe these generators can make the process of producing appropriate math facts worksheets as painless and efficient as possible. We can also provide a patent-pending, adaptive learning system for schools that have Internet access. I believe the proven improvement in test scores seen by users of our system validates the approach of starting with math basics before focusing on critical thinking skills.

If there is anything I can do to help, please feel free to let me know.

Sincerely,

Steven Yang

CEO and Founder, MathScore.com



-----Original Message-----
From: Judit N. Moschkovich
Sent: Monday, October 30, 2006 3:55 AM
To: National Math Panel
Subject: statement for National Math Panel

Dear Ms. Graban,

I am attaching a statement I wrote to represent TODOS at the November 

6th session. Please let me know that you have received this document 

and were able to open it.

Thank you for time and consideration,

Dr. Judit N. Moschkovich

Associate Professor

Education Department

University of California
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-----Original Message-----
From: Lauren Janov
Sent: Saturday, October 28, 2006 3:26 PM
To: National Math Panel
Subject: National Math Panel in Palo Alto -- Material You Might Like to Consider as Part of Your Program

Ms. Graban--
 

Please see the attached compilation of current research and practices re the benefits of teaching math in ability groupings.  Hopefully this will be of interest to your panelists during their November 5th and 6th discussions at Stanford as you try to discern the "processes by which students of different abilities or backgrounds learn math."  

 

It was prepared for California elementary school audiences, but the concepts and findings are applicable to larger audiences too (secondary schools and schools in other states).

 

It is presented in a myth-reality format to make it less dense and more accessible to any one interested in the subject matter. Several individuals created this document, each of whom was interested in improving the delivery of math to elementary students.  None worked under the auspices of any school or program.

 

-- Lauren Janov
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-----Original Message-----
From: Kay Gilliland
Sent: Saturday, October 28, 2006 1:05 AM
To: National Math Panel
Subject: NCSM Public Comment

Here is a copy of the remarks I hope to make. Please include them in the meeting materials of the Panel. Thank you, Kay
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-----Original Message-----
From: TJ Treloar
Sent: Friday, October 27, 2006 7:53 PM
To: National Math Panel
Subject: Nat’l Math Panel

As a speech-language pathologist in the Ventura Unified School District in Southern California, I work with special ed children every day.  I am aware of how much energy and funding is spent on these children.  However, as a mother of two children identified as gifted, I have a vested interest in the energy and funding spent on their education.  
 

My daughters love math and science, and I am pleased with how excited they are to learn these subjects!  They need to have teachers who are well able to keep them interested.  We need my little girls to grow up to be scientists and leaders of our world.  

 

Please fund programs for gifted education.  As much as we need to raise the bar for our lower functioning students, it is equally important to inspire our children who love to learn and are capable of excelling academically!

 

Thank you,

TJ Treloar



-----Original Message-----
From: Susan Goodkin
Sent: Friday, October 27, 2006 6:12 PM
To: National Math Panel
Subject: Comments for National Math Panel, Palo Alto

Dear Ms. Graban, 
 

Attached please find comments submitted for the National Math Panel hearing in Palo Alto.  I have submitted the comments both as an attachment and as text below, in case you have any problems opening the attachment.

 

Thank you.

 

Susan Goodkin

 

Comments Submitted to the National Math Panel

 

I am a lawyer, Rhodes Scholar, and advocate for gifted children. I am writing to strongly urge this panel to address the needs of gifted math learners in its final recommendations.  
Far too frequently, gifted learners are simply ignored in the classroom.  Not only is this detrimental to our gifted students, it is detrimental to our country’s continued leadership in science and related fields.  As I am sure you are well aware, recent international assessments establish that an embarrassingly small percentage of our students have mastered advanced math compared to their peers in countries such as Singapore and Japan. 

 

At best, our teachers are simply too overwhelmed by other demands, particularly NCLB pressure to focus on low-achieving students, to meet the needs of gifted students. Too many educators also lack the training and/or curriculum resources to adequately teach gifted students even if they try to find the time to do so.  At worst, far too many parents (myself included) have encountered teachers and administrators who are unabashedly hostile to the notion that high-ability math students are not adequately served by a curriculum geared to bringing all students up to mere proficiency.

 

Below, I have included two of my op-ed pieces that have been published in newspapers across the country. I submit these pieces for two reasons. 

First, I believe the pieces raise issues -- the impacts of NCLB on math instruction for gifted children, and the problems with the prevailing use of whole-group instruction, rather than ability-grouping, to teach math -- that need to be considered and addressed by this panel.

 
More importantly, in response to these pieces, I have heard from educators and parents across the country. Almost without exception, they have expressed dismay at the abysmal failure of our public schools to provide an appropriate education for our gifted math students.

If this panel truly aims to improve math instruction for all students, it must ensure that teachers are provided with the training, resources and incentives to appropriately educate their gifted students. Without these prerequisites, the needs of our gifted students will continue to be ignored.

Thank you for your consideration of these comments. 

Susan Goodkin
9452 Telephone Road #188
Ventura, CA 93004
805-642-6686
SGoodkin@aol.com
 

Philadelphia Inquirer, October 17, 2006:
 

Whole Group Instruction Drags Good Math Pupils Down
By Susan Goodkin and David G. Gold
Given the math training our gifted elementary students receive in public schools today, America's recent sweep of the Nobel prizes in science and economics is a feat unlikely to be duplicated by younger generations.

Frustrated parents nationwide will attest that the predominant method of elementary-school math instruction holds back our top young math minds, and, as practiced under the No Child Left Behind Act, stultifies them. Remedying this requires the political will to implement a solution that is obvious but runs afoul of both liberal and conservative political agendas.

Research consistently shows, and common sense dictates, that the best way to nurture high-ability math minds is to group these children together and give them a curriculum geared to their abilities. Rather than implementing such "ability grouping," however, most elementary schools nationwide take exactly the opposite approach: "whole-group instruction."

In whole-group instruction, all children are taught the same lesson at the same time, without regard to their ability or mastery of the subject. Education experts have long recognized that such instruction impedes high-ability students. Karen B. Rogers, author of Re-Forming Gifted Education, unequivocally states, "If educators should want to level the playing field of achievement so that all become mediocre in their output, then whole-group instruction is the answer!"

In contrast to math, primary teachers almost universally teach reading through ability grouping. Educators clearly understand that without differentiated reading groups, Harry Potter readers would spend their time listening to the teacher help those students struggling to sound out Hop on Pop. Whole-group instruction is the mathematical equivalent. As an acquaintance recently recounted, when his child requested harder math work, his teacher responded that he must "wait until the others catch up." This is, unfortunately, a refrain heard across the country.

The problems have increased under the No Child Left Behind Act. NCLB threatens draconian sanctions for failing to bring all children up to minimum proficiency but no penalties for failing to advance those children who already meet the standards. Thus it pressures math teachers to aim the discussion at the least skilled, and to ignore our future math and science leaders.

Math-ability grouping encounters resistance from across the political spectrum. Many liberals oppose expanded use of any instruction method that acknowledges students differ in their abilities. Their attitude is partly a response to the rightly discredited practice of tracking. As widely employed in the 1960s, tracking inflexibly placed students in a fixed learning tier, and frequently did so in a racially biased manner.

Liberals, while appropriately rejecting tracking, threw out the baby with the bath water. They concluded that recognizing any differences in ability is elitist. Yet a truly equitable education system would provide all children, including the most advanced, the opportunity to learn at their own level - a goal that cannot be met through whole-group instruction.

Conservatives are also reluctant to champion ability grouping. To admit that the current approach holds students back, conservatives would have to admit that NCLB is a substantial obstacle, not a solution, to improving math instruction to gifted children.

Ability grouping can serve all students without the flaws of tracking. It is much more fluid, allowing students to move easily between groups, depending on their mastery of the subject and unit being taught. Moreover, evidence suggests that when unbiased assessment procedures are used, the group that benefits most from this approach is high-ability minority students.

Secretary of Education Margaret Spellings has declared that this administration's educational efforts will "make sure we continue to lead the world in Nobel Prize winners." However, if President Bush truly wants our public schools to develop math and science leaders, the federal government must provide incentives for teachers to group math students by ability. This is the only way we can strive to bring all students up to proficiency - and produce Nobel laureates.

 


Washington Post, December 27, 2005:
 

Leave No Gifted Child Behind 
By Susan Goodkin
Conspicuously missing from the debate over the No Child Left Behind (NCLB) Act is a discussion of how it has hurt many of our most capable children. By forcing schools to focus their time and funding almost entirely on bringing low-achieving students up to proficiency, NCLB sacrifices the education of the gifted students who will become our future biomedical researchers, computer engineers and other scientific leaders.

The drafters of this legislation didn't have to be rocket scientists to foresee that it would harm high-performing students. The act's laudable goal was to bring every child up to "proficiency" in language arts and math, as measured by standardized tests, by 2014. But to reach this goal, the act imposes increasingly draconian penalties on schools that fail to make "adequate yearly progress" toward bringing low-scoring students up to proficiency. While administrators and teachers can lose their jobs for failing to improve the test scores of low-performing students, they face no penalties for failing to meet the needs of high-scoring students.

Given the act's incentives, teachers must contend with constant pressure to focus their attention simply on bringing all students to proficiency on grade-level standards. My district's elementary school report card vividly illustrates the overriding interest in mere proficiency. The highest "grade" a child can receive indicates only that he or she "meets/exceeds the standard." The unmistakable message to teachers -- and to students -- is that it makes no difference whether a child barely meets the proficiency standard or far exceeds it.

Not surprisingly, with the entire curriculum geared to ensuring that every last child reaches grade-level proficiency, there is precious little attention paid to the many children who master the standards early in the year and are ready to move on to more challenging work. What are these children supposed to do while their teachers struggle to help the lowest-performing students? Rather than acknowledging the need to provide a more advanced curriculum for high-ability children, some schools mask the problem by dishonestly grading students as below proficiency until the final report card, regardless of their actual performance.

Perhaps these schools, along with the drafters of NCLB, labor under the misconception that gifted students will fare well academically regardless of whether their special learning needs are met. Ironically, included in the huge body of evidence disproving this notion are my state's standardized test scores -- the very test scores at the heart of the No Child Left Behind Act. Reflecting the schools' inattention to high performers, they show that students achieving "advanced" math scores early in elementary school all too frequently regress to merely "proficient" scores by the end. In recent years the percentage of California students scoring in the "advanced" math range has declined by as much as half between second and fifth grade.

Many gifted students, of course, continue to shine on standardized tests regardless of the level of instruction they receive. But whether these gifted students -- who are capable of work far above their grade level -- are being appropriately educated to develop their full potential is not shown by looking at test scores measuring only their grade-level mastery. Nor do test scores indicate whether these students are being sufficiently challenged to maintain their academic interest, an issue of particular concern in high school. Shockingly, studies establish that up to 20 percent of high school dropouts are gifted.

When high school faculty members face the prospect of losing their jobs if low achievers do not attain proficiency, what percentage of their resources will they devote to maintaining the academic interest of high-level students? How much money will administrators allocate to providing advanced courses? How many of the most experienced teachers will teach honors, rather than remedial, classes?

Surely we can find a way to help low-achieving children reach proficiency without neglecting the needs of our gifted learners. If we continue to ignore gifted children, the NCLB may end up producing an entire generation of merely proficient students -- a generation that will end up working for the science leaders produced by other countries.



-----Original Message-----
From: John Shacter
Sent: Thursday, October 26, 2006 5:54 AM
To: National Math Panel
Subject: PANEL COMPOSITION AND MISSION

Dear Math Advisory Panel Members -

I am aware that you must be getting quite a bit of advice on your assignment.

You therefore may not recall -- but I have shared several e-mail summaries of some of my conceptual and implementation ideas to you before.

I assume that you are basically a panel of math and education professors and practitioners. 

As a semi-retired engineer and management consultant, as well as a still very active volunteer-teacher I wonder whether you may wish to receive more of my basic ideas about the mission and performance of "schooling" and particularly of "math" in that context? (Preparing students for quality lives and careers in a shrinking and evermore competitive "outside world".)

(My background descriptions are in the Who's Who Volumes of Science and Engineering, and of Finance and Business.)

Do you have any engineers or managers in your panel?

Thank you for your response(s) -

Best wishes - John
John Shacter


-----Original Message-----
From: Gary Litvin
Sent: Wednesday, October 25, 2006 8:21 PM
To: National Math Panel
Subject: RE: Written comments for the math advisory panel

Dear Jennifer,

Thank you very much for your timely response.  I have attached our brief 

comment; we hope it will find its way to the Panel.

With best wishes,

Gary Litvin

President

Skylight Publishing
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-----Original Message-----
From: Mel
Sent: Sunday, October 22, 2006 5:56 PM
To: National Math Panel
Cc: Carolyn Triebold
Subject: Math Panel - Public Comment
Good day - 

 As the parent of an elementary-school child who is gifted in mathematics and language arts, I wanted to remind the panel that while establishing curricula and standards for lower-ability children is important, it is equally important to develop and implement programs which benefit those children at the gifted end of the spectrum.  

The "No Child Left Behind" Act often achieves its mission at the expense of gifted children, lowering classroom standards by slowing the pace and focusing repetitively on basic skills.  Gifted children are an important resource for our future, one which requires special attention and a broader curriculum to target their needs and skills.

Thank you for your attention -

Sincerely, 

Melissa Dugan



-----Original Message-----
From: Chris Carthel
Sent: Sunday, October 22, 2006 10:36 PM
To: National Math Panel
Subject: Comments for the National Math Panel
Dear Sir or Madam:

I am a parent of two math students who are both in high school now. In addition, I recently completed the mathematics necessary for a Bachelor of Science degree in Chemistry. I experienced some difficulties in my earlier math classes, including classes prior to (and including) algebra, partly because of what I believe were shortcomings in the way the courses were organized (i.e., curriculum) and taught (i.e., pedagogy).

Problem-Solving: Point A to Point B

One of the most frequent complaints I hear from my children and college peers is "I don't see how you got from point A to point B in that solution." I have also had this compliant myself, and I see this as a recurring problem in both teaching and textbook design.

The better math textbooks (and teachers) I have seen include annotated solutions that provide a clear explanation of how a problem progressed to a solution through each intermediate step (e.g., what rule was applied, what manipulation was performed, etc.). Good annotations of solution steps provide not only an explanation of how to progress from step to step, but can even serve as a sort of built-in remediation in some cases. For example, a step in a calculus problem may require the utilization of a trigonometric identity. Identification of this in an annotation not only explains the transition but can also provide a remedial effect. Annotations are universal in that they can serve every student’s needs. The advanced students can simply ignore them, while the struggling students can use them to build up their skills. In fact, a web-based textbook could even be configured so that every student could decide for themselves whether to turn on or turn off the annotations.

Use of Technology to Enhance Math Education

I have seen some truly impressive web-based technologies, such as Java applets, living graphs, etc., that could enhance the learning of mathematics. But I have been surprised by the slow infusion of these technologies into classrooms and textbooks. The value of these new technologies is that they permit the student to make real-time, two- or three-dimensional observations of the behavior of equations at different values and limits. It makes the learning experience more real and understandable. Although I am aware of some copyright concerns regarding the use of electronic (e.g., PDF format) textbooks, students badly need the ability to search and retrieve information as quickly as possible in an electronic format.

We are, in my opinion, long overdue for an electronic textbook approach that resembles a web page. I am not necessarily advocating the complete abandonment of physical textbooks, but perhaps an approach where the textbook is bundled with an electronic version available via perhaps a web account that contains the ability for word searches; quick linking from tables of contents, glossaries, and indexes; interactive JAVA applet-based figures and graphs where appropriate, etc. (e.g., http://mathworld.wolfram.com/).

The Need for National Math Standards

It is my sincere hope that by defining what is meant by “competence in algebra” and “readiness for higher levels of mathematics” as described in Executive Order 13398, Sec. 4.(a), the Panel will be in a position to provide meaningful guidance for developing national math standards.

The American Chemical Society (ACS) publishes national standards (including testing standards) for chemistry. I have been surprised to discover that there is not, at least to my knowledge, an analogous set of national standards for mathematics.

Teacher/Student Diligence

I have seen several brilliantly knowledgeable math teachers who displayed only mediocre skill at conveying their knowledge in an absorbable way. I have come to realize that student achievement in mathematics is not simply a function of the teacher’s knowledge of mathematics, although teacher knowledge is certainly important. In my opinion, the real magic of student achievement occurs as a result of a teachers’ skill at conveying their knowledge in an interesting and organized way that can be easily absorbed by engaged students.

Note that I limited my statement to engaged students. There is a obviously a certain degree of diligence required of math students themselves. This is what I think of as the "you can lead a horse to water, but you can't make him drink" syndrome. The best teacher, textbook, and curriculum in the world are all worthless to a student who is not making the conscious choice of engaging themselves in the learning process by showing up, paying attention, and absorbing, applying, and practicing as much as they can. Students cannot be overlooked as participants in the process.

I mention students because I have seen some evidence in our American culture, in particular K-12 math classes, of what I refer to as “glorification of mediocrity” or “antagonism of success.” In other words, a peer pressure environment sometimes exists that utilizes harassment and embarrassment to prevent some promising students from achieving their full potential. I have seen potentially excellent students make a conscious choice to perform badly in order to “fit in” with their less engaged peers. It seems to fit with the old maxim “misery loves company” This is perhaps better described as “laziness loves company.”

Every child deserves to be freed from the bondage of what President Bush has described as the “soft bigotry of low expectations,” regardless of whether that bigotry arises from a teaching institution, a specific teacher, or a fellow student.

Thank you for the opportunity to comment. I look forward with great anticipation to the panel’s conclusions and recommendations.

Chris Carthel



-----Original Message-----
From: Rose Hayden-Smith
Sent: Saturday, October 21, 2006 7:08 PM
To: National Math Panel
Subject: Math Instruction Panel Comments

Dear Ms. Graban:
 

My name is Rose Hayden-Smith, and I am the parent of a GATE-identified student at Loma Vista Elementary School in Ventura, California.  I would like these comments to be added to the record, as I am unable to attend the meeting in Palo Alto.

 

My daughter is gifted in mathematics, but her standardized test scores have not always reflected this. In an effort to get all students to a proficient level, advanced students are neglected.  We have seen our school's standardized test scores drop, as students previously scoring advanced in mathematics have dropped to the proficient category.  The effects on youth morale and potential are disasterous.

 

This is wrong, and more attention needs to be paid to accelerating and affirming the work of students who are gifted in mathematics.  Focusing entirely on improving the performance of lower-ability students is unfair, and ultimately hurts all students.  The United States has become less competitive in the sciences and mathematics, and I believe that much of this is due to the stulifying effects of whole-group instruction in mathematics.  Ability-grouping in the language arts is an accepted educational strategy, but this has not been widely adopted as an instructional strategy in mathematics, at least not in my district, and math scores are low, as a result.   Resources need to be provided to teachers to teach them how encourage the talents and academic development of higher-abilty students, and this panel needs to include in its recommendations an acknowledgement that higher-ability students warrant attention, too.

 

To feed my daughter's desire for learning (and to counteract the boredom she has often felt in school), we are now supplementing her in an after-school enrichment program.  The cost to our family is significant, about $1,000 a year, but we feel it essential to maintain her enthusiasm for learning, and to prepare her to contribute to a healthy and effective American society and economy.

 

I hope that this panel will consider a well-balanced approach to math instruction that will consider the learning needs of ALL students.  While raising all students to proficiency in math is a worthy goal, supporting the talents of gifted students is equally important.  Failing to foster and develop the potential of ALL students is wrong.

 

Sincerely,

 

Rose Hayden-Smith



-----Original Message-----
From: Julie Santia
Sent: Thursday, October 19, 2006 4:22 PM
To: National Math Panel
Subject: Math Instruction for Gifted Students

Math Panel:

I just heard about this panel today.  It is important that your panel consider math instruction for gifted students as important as the curriculum for average and under-achieving students.  Our high achievers in math are our future scientists and doctors.  We need to let our talented math students advance and not hold them back as they are now with today's standard math instruction practices.  Don't let anyone fool you into thinking there is differentiation within math instruction.  Advanced math students are such because of the supplementation they do at home, not anything that is happening in the classroom.   

The advanced math students really could use more attention.  They should be celebrated and rewarded for their abilities. Allowing them to do work at their level instead of holding them back, is a good start.

Thank you for your time,

Julie Santia

Engineer

Ventura, CA



-----Original Message-----
From: John Shacter
Sent: Tuesday, October 17, 2006 11:07 AM
To: National Math Panel
Subject: Re: Ideas for the National Math Panel

Hi Jennifer -

Thanks a million for your info. on the above.
Could you distribute my memo (below) to the participants and to Sec. Spellings?

Thanks, John

John Shacter
Semi-retired engineer, management-and-technology consultant, and still very active volunteer-teacher & educ. consultant 
===========================

Hi Folks -

Let me try once more: 

(This is not limited to just "math") --  but I cannot agree that we can discuss what and how to teach without first agreeing on the "what" and then on the "how."

Overall, I believe we tend to omit or play down some of the most interesting and useful topics and then seem to be succeeding in making too much of the rest of "studying" too boring and laborious. 

---------------

Generally, students also get too little opportunity to help in the understanding and explanation process, or to express themselves more generally -- orally or in writing.   

As teachers, we should be also able to illustrate to the students WHY we are teaching them the things that we are teaching them. 

We should do a lot of teaching by asking a series of leading and teasing questions ("Socratic Method"). 

Use of common sense, the KISS principle (Keep It Simple, Stupid), a light touch or sense of humor, and introduction of some competition can also help to engage the students in the teaching and learning process.

---------------

Let me illustrate the approach with the teaching of some basic math: 

Effective teachers require their 3rd-grade students to memorize the multiplication table. For example, they want their students be able to tell them -- eyeball to eyeball -- what 7x8 is. But the best teachers teach more. They might want the students to tell them also what 56 DIVIDED BY 7 or 8 is. And then, when they receive correct answers, they might also ask the students to tell them what 57 divided by 7 or 8 is -- EXACTLY, AND STILL EYEBALLING THEM. (Today, most COLLEGE GRADS and professors might not know the answer to that one! Chances are, they might ask for permission to use their calculators!!) 

Or the best teachers might ask their students whether integers or whole numbers could be treated as decimals, as well. (The answer is of course that they CAN. All you have to do is to place a decimal point at the right end of the number. After that you can use the decimal rule of moving the decimal point, say, a couple of places to the right, when you wish to multiply the number by 100, or to the left, if you want to divide the number by 100. It takes a movement of six places if you multiply or divide by one million. And if you don't have enough digits, just add a sufficient number of zeros on either end of the number....)

Or the best teachers might introduce their students -- also in third or fourth grade -- to the use of question marks or letters along with numbers in equations -- without scaring them by the use of the word "algebra."

--------------

Many additional examples could be given in such areas as "societal and character education", "money management", "starting your own business", "U.S. form of government", "current events and issues", etc. etc. which should be (but are not always) taught and discussed during the 13 long years of primary- or secondary-school curricula.

In my view, today's U.S. teachers aren't taught what and how to teach in more interesting, challenging and effective ways because their professors in the colleges of education are often themselves lacking in their selections and understanding of the topics -- and they are likely to practice too much "pseudo-psychology", and tend to take themselves much too serious. 

In any case, it is my guess that few of them would dare to face an average primary or secondary classroom and try to demonstrate their own proposed, conceptual approaches to "effective teaching" in qualitative or quantitative (student-gains) terms.

Fortunately, there are effective answers to these challenges, and there are some teachers who have taught themselves to apply them. 

Cordially, John 
@2004 John Shacter
Semi-retired engineer, management-and-technology consultant, and still very active volunteer-educator.


-----Original Message-----
From: David Grebow
Sent: Friday, October 13, 2006 4:39 PM
To: National Math Panel
Subject: Math Panel Comment

Dear Jennifer:
 

The issue of mathematics readiness needs to being at the Pre-K level. Mathematics needs to be regarded as a language. And the current research points to the fact that languages are best learned early, practiced as a part of one's daily life, i.e. made relevant and heard at home as well as at school. I would throw technology into the mix since many parents do not know and would not learn basic or advanced math. So the 'in loco parentis' in this case would be the mathematics website where math would be 'spoken' and, like learning a language, be incorporated into age and grade appropriate songs, games and other enjoyable activities.
 

I am an educator and have worked at the intersection of education and technology for many years. Since I know this will work, and that the technology and pedagogy are in place, all that's missing is the will to make it happen. Hopefully the meetings of the National Math Panel and their final recommendations will look at the issue from this perspective and programs will be started to see if this is a good path to travel.
 

Sincerely,
 

David Grebow
CEO, KnowledgeStar. Inc. 



-------- Original Message --------

> Subject: "Calculators", Indeed!

> From: Joseph North

> Date: Fri, October 13, 2006 12:58 pm

> To: <jennifer.graban@ed.gov>

>

>

> Dear Ms. Jennifer Graban:

>

>

>   I would have some comments to share about "Calculators",

> et caetera.

>   Now, when I attended Elementary School and High School

> in the primitive country to the north of US, known as Canada,

> circa 1952 - 1962, I never had an Electronic Calculator, and

> I got a score of 800 / 800 in my SAT Achievement Mathematics

> test in 1962, just allow me to assure you!

>   At McGill University, circa 1962 - 1966, I was allowed a

> Slide Rule, even in exams!

>   Now, when I took the GRE in 1973 in Grad School, again up in

> primitive Canada, intending to be admitted for Ph.D. in Physics

> and Astronomy at UNC Chapel Hill, NC, my Aptitude Test,

> Quantitative Ability acore was 720 / 800, just allow me to

> again assure you!  Oh, and I still have my ETS score mailings,

> just in case you might like to examine same!

>   Now, when I lived in Fairfax County, Northern VA - [w]one of

> the most affluent in America - I would quiz the young adults at

> the swimming pool where I lived, circa 1999.  They could not

> correctly mentally convert the Fahrenheit temperature of 68

> degrees to its equivalent Celsius temperature of exactly 20

> degrees, saying they needed their Calculators to do that!

>   Now, fast forward to about 2 weeks ago at the swimming pool

> where I live here in North Austin.  I was talking with 2 young

> College age adults, and we got into Math., WOW!  So, I asked

> them what this number was, 0.434294481903....  They had no idea,

> however, the young lady told me she had Mathematica installed on

> her boyfriend's 64-bit computer.  So, we went to the boyfriend's

> father's apt., and they fired up Mathematica, and tried to find

> out together whatever that crazy number was!  And, they worked

> hard for about 30 minutes before giving up - well, the football

> game - Ohio State & our Longhorns - was about to begin, and that

> was also important to them.

>   I asked if I could try it out, after the game had started.

> They said I could.  Now, I hadn't used Mathematica for about 20

> years, and it employs some weird syntax, differing from that of

> bc, PARI/GP, Maple, maxima, et caetera.  So, I looked at the most

> extensive online help provided by Mathematica, and, within ~ 10

> minutes, I showed them what it - 0.434294481903... - was!  They

> were all (including Dad) happy, and so WAS I!!

>   So, what lessons might we glean therefrom?!  The use of

> complicated "Calculators", Graphing "Calculators", as well as

> vastly more powerful Computer Algebra software does a disservice

> to students who have NOT had a chance to really explore numbers -

> with mind, pencil, and paper - as I HAD up in primitive Canada

> so long ago, I believe!

>   Penultimately, then, what was that crazy number, please???!!!

>   "And ye shall know the truth, and the truth shall make you free."

> (ref.: John 8:32, KJV, 1611) therefor!

>   Tempus fugit et ad augusta per angusta.

>

>

>

>Nil desparare (Gauss),

>

>

>Joseph Roy D. North



-----Original Message-----
From: Lisa Brady Gill
Sent: Thursday, October 12, 2006 6:59 PM
To: National Math Panel
Subject: NatMathPanel_TIcomments.pdf

Hi Jennifer: 
TI and Melendy Lovett were pleased to receive the invitation to provide written comments to the National Math Panel.  We are very supportive of the work of the National Math Panel and appreciate the took the opportunity to support their work.  
I've enclosed our written comments for your review.  In addition, we are sending 22 hard copies by Federal Express this evening to you at the U.S. Department of Education for distribution to the National Math Panel members.  Can you let me know if they will receive them prior to the November meeting?
In addition, you were kind enough in your letter to Melendy to suggest she might have the opportunity to give oral remarks at the November meeting and we'd like to formally request that she be able to do so.  I mentioned this to Tyrrell at the meeting in Boston and let her know we'd be following up with this request.  
TI is honored that Richard Schaar has been invited to share effectiveness research related to graphing calculators at the November meeting, as well.  And look forward to working towards our shared missions of improved mathematics education for all students in the future.  
Thank you for your consideration of these written comments and of our request for Melendy to give oral remarks for the Math Panel members to consider as they prepare their report.  And please don't hesitate to contact me should you have further questions or need more information.
Best Regards, 
Lisa Brady Gill 

Lisa Brady Gill 
Executive Director, Office of Education Policy and Practice 
Texas Instruments, Incorporated 
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-----Original Message-----
From: Emily Wyrick
Sent: Monday, October 09, 2006 10:52 PM
To: National Math Panel
Subject: concerned teacher

please help me in my pursuit of voicing the concerns of math teachers.
 
Thank you for your time,
 
Emily Foster
(middle school math teacher in NM)
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-----Original Message-----
From: Angelique Badgett
Sent: Saturday, October 07, 2006 4:00 PM
To: National Math Panel
Subject: math in elementary school

I am a second grade teacher in Wichita, Kansas, USD 259.  We have been mandated to use a curriculum that is inferior in teaching mathematics.  We use "Investigations" and have been told that we are to use it as our primary math resource.  I am very concerned about this program and the ineffective way it teaches math to students.  I have decided, at the risk of being reprimanded or fired, to discontinue using this program again.  (I had tried to use it two years ago when we were told to the first time.)
 

I need your organization's help.  I have been told that Investigations is researched based, however many states are finding that in actuality, the scores on state tests are dropping drastically.  I have been told that I am not self-employed and that I will teach what I am told to teach.  I have heard from them that spiraling, an approach where students who do not understand a concept the first time, will get an opportunity to try again at the same concept later.  I have been told that we have to follow the guidelines and pacing guide given to us, even if no one in the class understands the concept.  I know that this is not sound advice but my district is deaf to teachers.

 

I have tried to mobilize elementary parents and teachers as well as teachers in middle and high school so that together we can fight the unfortunate decision made, by a hand-selected few, to the detriment of all.  I am at my wit's end.  I have been trying to find an organization that can help me present my case to my district.  I read about your group in an article called "Miracle Math."  I understand that there are members who are fighting "fuzzy math" in elementary school.  I need to know what I can do to rectify an already out of control situation.

 

Is there any research proving that this math is inadequate?  Is there an advocacy group that would be willing to help me and my fellow teachers and parents in this fight?  Do you have any resources that would be helpful to me?

 

I appreciate, but more importantly the elementary children of Wichita appreciate, all of the help you can give us.

 

Sincerely,

Angelique Badgett


-----Original Message-----
From: Ted Wetherbee
Sent: Friday, October 06, 2006 1:51 PM
To: National Math Panel
Subject: NCTM Focal Points >> NMAP review

Dear NMAP Members,

NCTM Focal Points (September 2006, K-8) strikes me as clear and 

reasonable, and I'm curious to see the September 13-14 NMAP meeting 

transcripts on how it was received.  I doubt that Math Wars would have 

occured had Focal Points (and a similar quality document for grades 

9-12) been available, promoted, and used over the past twenty years.

I also hear from NCTM people that Focal Points represents no NCTM change 

whatsoever, none.  This is posturing as an infallible authority, e.g. 

those who see change in doctrine are ignorant.  However, this is about 

math education, and this should be treated as a displine which admits 

the possibility of error and, thus, hope for improvement.

I think that the NCTM made a serious improvement with Focal Points, a 

straightforward content endorsement which is remarkably clear, concise, 

and potentially useful.  To say it is no change at all is to limit its 

usefullness.  Most states had math standards designed with NCTM 

documents first and foremost as The Standard and with among the best of 

people available who truly believed in NCTM Standards.  If Focal Points 

is what was really intended and within prior NCTM documents, it has 

taken a very long time to make these intentions known and realized.

It is good science as well as commendable integrity to admit error (even 

the slightest error in this case of math education) along with any 

correction.  I think that Focal Points could used as intended to revise 

state math standards--as Minnesota is currently doing.  It is a change 

indeed, and I commend the NCTM for making it.  They have regained my 

respect by this change.

I am curious as to NMAP views of NCTM Focal Points because revision of 

Minnesota math standards is beginning next week through committee 

meeetings, and public comment will likely be part of the process.  It 

appears that NCTM Focal Points directly closely addresses the new 

Minnesota state law requiring revision of math standards to include 

algebra 1 by 8th grade.

Respectfully yours, Ted Wetherbee

-- 

Ted Wetherbee

   Mathematics & Computer Science

   Fond du Lac Tribal & Community College



-----Original Message-----
From: Daryao Khatri
Sent: Monday, October 02, 2006 12:00 PM
To: National Math Panel
Subject: Educate Everyone
Dear Members,
 

Rick Stiggins in his paper on assessment writes, “Society has seen fit to redefine the role of its schools.  No longer are they to be places that merely sort and rank students according to their achievement.  Now, they are to be places where all students become competent, where all students meet pre-specified standards and so are not left behind.”

 

I agree with this statement and this should form the basis of teaching.  The same message is evident in “Color-Blind Teaching: Excellence for Diverse Classrooms.” By Daryao Khatri and Anne Hughes.

 

A child is crying for milk and there is no milk.  It can eventually lead to death.  The parents and students are in a similar situation.  Both groups are screaming for help, but the teachers and the institutions that prepare them to teach do not seem to have any answers.

 

At the September 13-14, 2006 meeting, a parent from an affluent neighborhood complained that her three-year-old boy who used to love math all of a sudden hates math because he is not learning anything in math in his school.  A panel member mentioned that at one place in an affluent neighborhood, an explosion has occurred in the number of tutoring schools because teachers are not teaching what students are expected to know for their homework.  She reported that this has happened because of an imposition of some arbitrary curricula.

 

Welcome to the world of entrepreneurship.  If you want to see tutoring schools in action, just visit some of the Asian countries including India where several tutoring schools are operational in almost every neighborhood because children are not taught what they need to learn in their schools.

 

I heard Curriculum Developers pushing for a change in school curriculum and asking the panel to recommend such curriculum changes at the national level.  Textbook publishers, who could not provide satisfactory answers to the question raised by the panel regarding the size of the books and the irrelevant pictures that are included in them, were also pushing for the adoption of their books.  

 

Come on and please give students a break from back pains!

 

Because we have looked for answers in similar places all along, the situation with math education has gotten worse.  We all know that neither the books nor the curriculum teach students;  it is the teacher and teacher alone who is responsible for teaching. Books and curriculum are only materials to be used by the teachers.  Therefore, the problem does not lie with selection of new textbooks or new curriculum, it lies in the preparation of teachers.  The colleges and/or departments of Education at the higher education level should take responsibility for this failure and do something about it.  But these schools do not know how to.

 

Let me put this problem in a mathematical form.  After all this is a National Math Panel.

 

Student Performance = Teacher + Books + Curriculum + School Infrastructure + Parents + Neighborhoods + Others

 

Where student performance is a dependent variable and all others to the right of the equal sign are independent variables.  Researchers need to study the impact of independent variables on the dependent variable.  The problem has been that many researchers treat the dependent variable as if it is an independent.

 

Dr. Hughes and I have been researching this problem for decades and finally we have a solution.  What is not under our control and what we cannot change needs to be left alone, i.e., if some student has mother only, we cannot provide that student a father, can we!  If you look at the equation, we will have a strong relationship between a teacher and student learning.  Therefore, we looked at the teacher and the college professor who train these teachers.  The problem lies with the college professor and therefore with the schools and/or departments of education.  To remedy this situation, therefore, we need to look at both the professor and the teacher.  

 

We have documented this research in two books: “American Education Apartheid—Again” And 

“Color-Blind Teaching: Excellence for Diverse Classrooms.”  Based on these books and our own experiences, we have researched, documented, and tested a model in faculty development that is working.  This model uses one-week to two-week workshops and mentoring.  The comments from two workshops for math faculty are attached with this email.  The second phase of mentoring started during the Fall Semester 2006 in Mathematics and Organic Chemistry.  Results will be available at the end of the semester.

 

If you looking for meaningful faculty development and training for teachers, then we invite you all to the campus of the University of the District of Columbia and witness it for yourself.

 

Thank you all.

 

Dr. Daryao S. Khatri
Professor of Physics
University of the District of Columbia



-----Original Message-----

From: 
Simons, Jeanne M

Sent:
Tuesday, September 26, 2006 10:27 AM

To:
National Math Panel

Subject:
Grant Management

Although I realize that the Math Panel is primarily concerned with curriculum and other issues directly related to instruction, I have found, in my work offering targeted assistance in mathematics in urban schools in Massachusetts, that many of the issues schools are facing are related to a lack of a systems approach to reform. 

I would like to suggest that the Math Panel consider reevaluating the structure of federal grants programs with the following issues in mind:

*
Every grant program has a different purpose or cause and although these, for the most part, address important issues, they do not encourage a systems approach at the school level where reform efforts should be driven by the needs of the school or district level.

*
Grants usually last for only a year or two, after which the school is left looking for new funding which usually takes them in a different ideological direction in order to follow the funding. We know that most programs take about three years to move past the implementation dip and to show results. The structure of our grants programs do not allow schools the luxury of sustaining programs for this length of time.

I would propose a system where the needs of the schools drive the grants programs. For example, perhaps there could be a single national grant application linked to the school and district improvement plans. For example, instead of the grant program defining that a school's coaching program should support differentiated instruction, grants in this area would be awarded to schools with coaching in this area already defined in their plans and in their unified grant application. 

The unified grant application would have to be long term and subject to minimal changes on an annual basis. Obviously this would be a complex document to write and would require significant introspection and long term planning by each school and district. This introspection and the financial incentive of grants being rewarded to schools with well written plans would hopefully drive schools to create quality plans. To offset concerns about the difficulty of writing such a complex document, it must be considered that the work involved in writing the grant proposals normally written by districts would be substantially reduced, with the narrative portions eliminated in favor of this universal document.

In order to guide districts, there should be a guiding document giving an outline of the important components of math reform that the Department of Education would be willing to fund. For example, a few might be:

Data driven instruction (with a description of what this might look like)

Content PD for teachers 

Math coaches

Math specialists

Or whatever the Math Panel deems critical to math reform. 

We all know the major issues and the most promising leverage points, the key is getting the districts and schools to implement these different programs in a thoughtful, whole school manner. My suggestions provide a financial incentive for pulling all of the reform programs in a school together into what would hopefully be a more effective system of reform from the federal level right down to the school level.

I have attempted to give a brief summary of my thoughts in an effort to respect your time. I realize this represents a dramatic change across a number of programs, but I truly believe that something of this magnitude is necessary if we are going to see substantial changes in our educational system. This change must be done at the federal level if it is to be effective. Please feel free to contact me if you need further information.

Thank you,

Jeanne Simons

Massachusetts Department of Education


-----Original Message-----
From: Anonymous
Sent: Sunday, September 24, 2006 7:03 PM
To: Flawn, Tyrrell
Subject: I just discovered your website
I am currently pursuing a Bachelor's degree in Biotechnology. I possess a degree from France where I was born and grew up. The biggest challenge that I must face in my science classes (beside having to learn all the terminology in English) is the fact that I must convert my answers to the English system which I find difficult to master for its lack of practicality.
 
I have sometimes challenged my teacher as far as the usage of the English system in scientific applications is concerned.
 
I am sending you these words to share with you my support for your organization.
 
Sincerely,
Anonymous


-----Original Message-----

From: 
Delores Boone

Sent:
Wednesday, September 20, 2006 7:36 PM

To:
National Math Panel

Subject: I need specific information, please, ASAP

I see are vague "we need to" comments on ED.gov in 
regards to math for 7th graders.  What I want to know is
this:
 

What is the national minimal standard that a 7th grader
student for Math?  
 

What should the schools (minimally) be trying to teach 
each student?  
 

My son was doing basic fractions and touching on some
algebra ideas when I home schooled him in 3rd grade. This
he did not have until the end of 6th grade in public schools
and now in 7th grade his "review" work is subtraction and 
back to the basics !  
I want to know what the USA  Ed.gov  says the minimal 
standard should be and what it was in the past:  1960's -
1970's.   
WHY  are we going backward instead of forward?  Where
are the academics of yesteryear that showed children how
to do math without "cheat sheets" and other "fun" things
that create busywork in math problems that takes kids 
twice as long to do it?

Please,  respond to the questions as soon as possible and

think on why our country is behind so many others.  As 

much as I think we have too much government interference

in some areas,  I think the government is not doing its job

when it comes to education.  We need NATIONAL standards

and UNIFORM curriculum.  Three of learning about PNW

fisheries and salmon is NOT  three years of science !  It is

causing out children to be idiots in everything except salmon.

 

Respectfully,

 

Delores Boone, R.N.



-----Original Message-----
From: Philip Bladon
Sent: Tuesday, September 19, 2006 7:16 AM
To: National Math Panel; Flawn, Tyrrell; Graban, Jennifer; Kelley, Ida Eblinger
Subject: President Bush's Executive Order
Importance: High
Dear Sir 
With reference to President Bush's Executive Order to improve performance in mathematics I am pleased to have the opportunity to provide recommendations to your panel.
1. A major part of the solution to solve the problem would be to teach and fully adopt the SI / Metric system as quickly as possible throughout all schools and colleges.
2. The vocabulary of the SI / Metric system with units, prefixes, and symbols should be fostered across the curriculum (all subject areas not just math and science). My book* is one 'tool' to help that. (* ref below)
3. This major task to improve mathematics can be assisted by the Metric Associations in the USA and the United Kingdom.
4.I also recommend adoption of SI units wherever possible and avoid using confusing metric units such as calorie, kilocalorie, etc. These units should be archived. The SI unit for 'energy in food' is kilojoule (symbol:  kJ )
Please do not hesitate to contact me for more information. I am willing to attend one of your meetings.
Yours faithfully
Philip Bladon 
www.simetricmatters.com


-----Original Message-----
From: Jay, Roger
Sent: Tuesday, September 19, 2006 2:13 PM
To: National Math Panel
Subject: National math iniative
 

I would certainly hope that you access the expertise of the NCTM and AMATYC, two organizations whose interest in the proper education of our students is uppermost! They have both done extensive work in developing guidelines for math instruction at the K-14 level, where most of your attention should be focused. Please don’t ‘reinvent the wheel’.
 
Roger L Jay
Math Professor
Tomball College


-----Original Message-----

From: 
WIC Clements

Sent:
Tuesday, September 12, 2006 7:25 PM

To:
National Math Panel

Subject: Math/Music

National Math Panel Members;

Consider my work in math and music, all original.  For years I have tried to

have my work read with an open mind, solely for the purpose of advancing

music and math.  Wolfram Research (Mathematica), Walter Hewlett (Stanford

University), Boulez (IRCAM), the list goes on.  Last week, after speaking to

Gary Garratin of Garritan Orchestral Libraries, "Gary" seemed very

interested, that is until he looked at the math.

My intention has always been to advance the understanding of math and music

through education using the concept of Cartesian Algebra and the hidden 2-D

nature of music theory, The Cartesian Music System, which is based on a

unique dicovery and a software routine I wrote for Dr. Dika Newlin in 1979.

Therefore, I have forwarded last weeks overview to "Garritan Orchestral

Libraries," including the response from Garratin, Which reads as follows:


"Wow, that looks very involved! It seems to be a bit over my head


(mathematically), but the music examples do sound quite interesting.   Not


sure if it could fit into our product line and what we do.


This looks like it could develop into a composer's tool.


Good luck in pursuing this work further.


Gary"

I can show you a way to bring math and music to the forefront of our culture

if you'll go through these e-mails I sent to Garratin in order to get an

idea of what I do.  Gary needs mathematics lessons (music lessons too).

WIC Clements


-----Original Message-----

From: 
Daryao Khatri

Sent:
Tuesday, September 12, 2006 9:17 PM

To:
National Math Panel

Subject: Re: Registration for National Math Panel, Boston Meeting

Dear Jennifer,
We just completed a six-week (five-week instruction) summer intervention for 12 students from District Public High Schools who have been admitted to UDC as freshmen for Fall 2006.  The results compel us to question the wisdom of offering remedial math courses at the college level.  A copy of the draft report is attached for you and for the Math Panel.
Thank you.   Hope to see you in Boston.

[image: image9.wmf]Final-report-Gap.doc




-----Original Message-----

From: 
Irwin Kra

Sent:
Monday, September 11, 2006 6:55 PM

To:
National Math Panel

Subject: Boston National Math Panel Meeting

Jennifer,

 

Attached is the written version of the remarks that I may get to make on Thursday.  I know that the written version is longer than what is needed for 5 minutes, and I will keep any oral remarks to 5 minutes or less.  Sorry that I could not get it to you earlier. I will bring three copies of the written version to the meeting.  Do you need in addition a disc that contains the attached file?

See you on Wednesday.  
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-----Original Message-----

From: 
Jack Fretwell

Sent:
Friday, September 08, 2006 2:51 PM

To:
National Math Panel

Subject: RE: June 29th Public Comment

Hi Jennifer,
I can't make the Boston meeting and I know it's late, but  will you be able to do anything with the attached comment?
 

Jack Fretwell
Starboard Training Systems
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-----Original Message-----

From: 
Stan Doore

Sent:
Thursday, September 07, 2006 12:15 PM

To:
National Math Panel

Subject: Re: Comments followup

Hi:
I mailed a copy of the recommendations to Dr. Olsen at the NAS last week.  I then thought I should email a copy to you all.  I hope this didn't confuse you too much.  A copy of the letter is attached in PDF format.
 

Regards, Stan Doore
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-----Original Message-----

From: 
Lorelle Young

Sent:
Wednesday, September 06, 2006 3:40 AM

To:
National Math Panel

Subject: U.S. students must know the metric system

National Math Advisory Panel:
 

I believe this article should be brought to the attention of the National Math Advisory Panel members.  If our schools do not produce metric-literate graduates, how can the U.S. compete globally if companies must spend money on metric training that should have been accomplished in U.S. schools?  Companies in foreign countries do not have to make this investment in metric training.  These countries graduate students who know and can use the metric system with facility while we confuse our students by trying to teach both the outmoded inch-pound system and the metric system, with the result that they master neither system. 

 

Thank you for your attention.

 

Sincerely,

 

Lorelle Young, President

U.S. Metric Association, Inc.


-----Original Message-----

From: 
Daryao Khatri

Sent:
Tuesday, September 05, 2006 9:30 AM

To:
National Math Panel

Subject: Re: Registration for National Math Panel, Boston Meeting

Dear Jennifer,
Thank you very much again.  Following this email from you, 
 Jack Hughes has asked us to share this information regarding Faculty Workshops for Math Faculty at the University of the District of Columbia (UDC) that were conducted during the Spring and Summer of 2006.  

 

Please share this email with the members of the National Math Panel.  Two files are attached.

 

The retention rate nationally in the STEM disciplines hovers around 25-35%.  This is no different in HBCU's.  At UDC, the retention rate in math courses is also around 30-35% in many of the courses at the remedial and introductory levels.

 

Dr. Hughes, professor of Sociology/Education and teaches social science statistics, and I, professor of Physics, however do have retention rates around 95% and higher in all of our courses.  We attribute this success to the way it is taught, the pedagogy used in the teaching of these courses.  We wanted to test this first for Chemistry and Physics faculty and then for faculty in the Math department.  Following a phenomenal success in the workshop for Chemistry and Physics faculty (14 Ph.D.'s faculty), we conducted two workshops for the math faculty.  

 

The objectives were two fold: First, can we bring a change in the attitude of those professors who teach these courses in terms of recognizing the need of sound pedagogy for professors.   Second, do we need to provide follow-up mentoring for those who have attended the pedagogy workshop(s).

 

The first workshop was conducted for 9 full-days (10:00-4:00) every day from May 2-12, 2006 and then a mini workshop from June 13- 27, 2006 (5 full-days) for those who missed out on the first because of conflicts in their schedules.  A total of 13 math faculty members attended these workshops on a volunteer basis.

 

In regard to change in their attitudes, the comments are attached in two separate files.  As far as follow-up mentoring for some of these faculty members is concerned, two attempts are under way during the Fall Semester, 2006; one in math and the other one in organic chemistry.

 

Thank you very much.
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-----Original Message-----
From: John Marshall
Sent: Monday, September 04, 2006 4:44 PM
To: National Math Panel
Subject: Some views of US math
 
I would like to make a comment about Mathematics teaching in the USA but before I do I should introduce myself. My name is John Marshall and my main residence is in England where I spent the majority of my working life in the field of mathematics. For my sins I was a teacher, college lecturer and inspector of schools. More recently I was a ‘visiting lecturer’ at the University of South Florida. In recent years I contributed to the Minnesota K-12 Mathematics Framework as an expert reviewer, keynote speaker and author. The American magazine Phi Delta KAPPAN has published four articles of mine, the most recent being in the January 2006 edition - Math Wars 2: It’s the Teaching, Stupid. The NCTM journal Teaching Children Mathematics also published Educating Hannah: It’s a What?, in the Geometry special of February 1999, done with Sir Wilfred Cockcroft.  My wife, of 45 years, and I have a home in Oldsmar, Florida. Our son spent a year at an American high school before his University course in the UK.
 
In terms of the colloquial Math Wars I would be seen as being on the reform side but I have to say at the outset that I do not recognize much of what I see as ‘reform based mathematics’ in the USA as being compatible with my experience. As I said in my KAPPAN article of November 2003; “I find myself in complete agreement about the need for reform. Let there be no doubt about that. We cannot go on killing so many young minds like we have for they will grow up and replicate the problems we now have and nothing will have changed. And yes, the aims and aspirations of current NCTM Standards are to be commended. I just don’t see how many of the exemplars offered match up with those aims. To me they just do not seem to reflect the attitude to the teaching/learning process that the aims talk about and as such are surely not ‘what children need’!”

Personally reform was about offering children a better deal, period. A better deal because what they were getting was not doing the job for the world was changing and mathematical education was not keeping up. In the UK a response was made to the Sputnik issue by looking at what young children were doing. The Nuffield Foundation Mathematics Teaching project of the early 1960s was created to produce a contemporary course in mathematics for children between the ages of 5-13 that would produce in them a “critical, logical, and creative turn of mind.” It was probably the beginning of MATHEMATICS for young children as before they had only been offered arithmetic. It is interesting to note that the parent’s book from the project, said, amongst other things, “Whether we like it or not, our children will be concerned in the future with more abstract mathematics than their predecessors. The world of computers and computer programs, of automatic production line processes, or of operational research by managements, is a far cry from the world of the nineteenth century clerk, mill-hand or small industrialist. Our most important task must be to teach children to think mathematically for themselves. From a gradual awareness of the patterns of ideas lying behind their practical experiences, there must be built up a willingness to accept the underlying mathematical ways of thinking which are proving so vital in the development of modern technological society.” That was written in the mid 1960s and I wonder how it would sit today with those anti-reform groups who appear to see the aim of school math as getting their children into University. I am reminded of that Brian and Greg Walker cartoon which shows a child asking father “Why do we have to do Algebra?” and getting the reply “So you can help your children with their homework”! And on the subject of entry into university I would have to say that all my students in Florida had passed the test but few, very few, very very few, knew mathematics. They were truly excellent at passing tests though!

Let me go back in time and make a brief comment on what the UK has done. In the late 1970s the (Labor) Prime Minister of the day, the Rt. Hon. James Callaghan. MP, was concerned about the teaching of Mathematics in schools and set up a panel to look at the problem. The terms of reference for this committee were : To consider the teaching of mathematics in primary and secondary schools in England and Wales, with particular regard to the mathematics required in further and higher education, employment and adult life generally, and to make recommendations.” The committee, chaired by Sir Wilfred (Bill) Cockcroft, reported in January 1982, when Mrs. Thatcher (Conservative) was the Prime Minister. Cockcroft looked at the ‘past’, looked at the ‘present’ and looked into the ‘future’ and then said in paragraph 800 of the report: “We therefore believe major changes are essential.”

(I was happy to receive a signed copy of the report from Sir Wilfred, who wrote: “To John: With thanks for giving me the chance to see and listen. Bill” Sir Wilfred could see ‘reform’ in action because it had been happening in my development school for well over 20 years.)

The major change that was required was to teach for understanding rather than by rote, which had been the style for years and years, and this was addressed in paragraph 238 of ‘The Cockcroft Report’ – “We have had several submissions which have urged that more emphasis should be placed on ‘rote learning’ The Oxford English Dictionary defines ‘by rote’ as ‘in a mechanical manner, by routine; especially by the mere exercise of memory without proper understanding of, or reflection upon, the matter in question; … … we do not believe that it should ever be necessary in the teaching of mathematics to commit things to memory without at the same time seeking to develop a proper understanding of the mathematics to which they relate. As our discussion of memory shows, such an approach is unlikely to meet with long term success.” 
 

Mathematics needs long term success as children move through each stage of the education system and into adult hood. How often do we hear that the next stage in the learning process feels let down by the previous stage. (And kindergarten has been known to blame the parents!!!) An Inspectors job is strange but privileged. I must have visited over 500 classrooms and in everyone I was told the mathematics was perfect. (Rather like the situation described in the Stigler and Hiebert book The Teaching Gap, page 123/124)  The overall teaching style I saw was ‘rote’. It was how teacher was taught by teachers who had been taught by rote and it was the way ‘she’ taught. Principals were proud of the outcome and could often produce test scores to prove their point. But all too often the mathematics atrophied by the next stage. This was perfectly illustrated in one city where the educational provision was in 4 stages: 5-8 yrs, 8-12 years, 12-16 years and 16-18 years. ALL the subsequent stages found the entry levels were ‘not what was expected’! From within this system I even received complaints that bright university students struggled to take their mathematics with them: - “Indeed it is a common, and sometimes somewhat disconcerting, experience to those embarking on degree courses in mathematics to find that their understanding of topics which they have tackled with apparent success at school is questioned and shown to be insufficient.” (Mathematics Counts. page 68 HMSO. London.)

 

But teaching for understanding is not easy for one has to know mathematics and how children learn. 

In their (US) paper Reaching for Common Ground in K–12 Mathematics Education (Focus January  2006) Deborah Loewenberg Ball, Joan Ferrini-Mundy, Jeremy Kilpatrick, R. James Milgram, Wilfried Schmid, and Richard Schaar look for agreement in different sides on the Math Wars. Although I am not sure who is on which side of the argument, I do recognise that Joan Ferrini-Mundy has her name on the NCTM’s Principles and Standards for School Mathematics 2000  book and that Richard Schaar is from Texas Instruments, who make calculators. In their joint paper the authors assert, quite rightly, that “Mathematics requires careful reasoning about precisely defined objects and concepts.”, and that students need to “understand the operations”. “Precisely defined objects and concepts” and “understand the operations”, who could disagree? But what does that mean and how does it manifest itself in the classroom? As far as the key operation of multiplication is concerned where do NCTM and Calculators stand? Sadly not together although they claim to be! Let me explain: NCTM says on page 151 of Principles and Standards for School Mathematics “It is important that students understand what each number in a multiplication and division expression represents. For example, in multiplication, unlike addition, the factors in the problem can[1] refer to different units. If students are solving the problem 29x4 to find out how many legs are on 29 cats, 29 is the number of cats (or number of groups) and 4 is the number of legs on each cat (or the number of items in each group) and 116 is the total number of legs on all the cats. Modeling multiplication problems with pictures, diagrams, or concrete materials, students learn to be clear about what each number in the problem represents.”  I should add that no pictures, diagrams, or concrete materials are used to make the point. In fact the classroom picture used (page 142) is very much ‘as it used to be’ where the results of mathematics are displayed and not the mathematics itself, which would include the results! However, this is NOT the definition that is found in American Dictionaries – “Multiplication: the process of finding the number or quantity (product) obtained by repeated additions of a specified number or quantity (multiplicand) a specified number of times (multiplier); symbolized in various ways (ex. 3x4=12 or 3.4=12, which means 3+3+3+3=12, to add the number three together four times).” (Webster’s 3rd Edition College Dictionary) - nor in Japanese text books.
 
In the statistics section of Principles and Standards for School Mathematics 2000 it says (page 49) “Recognizing that some numbers represent the values of the data and others represent the frequency with which those values occur is a big step.” It is a huge step because if one follows the NCTM definition of multiplication and take it forward into a calculator one finds that ‘it doesn’t work’ as the calculator follows the definition of multiplication given in American Dictionaries. Let me quote from my KAPPAN paper of February 2001 (Dear Verity, Why are all the dictionaries wrong?) where I gave an example in which it was necessary to find the mean height of 10 children, “6 of whom were 120 cms. tall and 4 were 110 cms. Setting the calculator to the statistics mode, we keyed the data in as (6x120) + (4x110). You know, ‘6 lots of 120’ [as per Standards 2000], etc. Pressing x-bar, to get the mean, we got 5.04 cms. Now nobody is that size. That’s silly. So we then keyed it in as (120x6) + (110x4), that is 120, 6 times etc., [as per the dictionaries!] and got 116, which made sense.” How can this possibly mean that the Common Ground authors agree? 
 
I have heard it said that because the operation of multiplication is commutative then ‘it doesn’t matter’. I note that neither the dictionaries nor the NCTM guidelines say that for they are quite specific. The Schodor Foundation website, a group that supports the NCTM Principles and Standards for School Mathematics 2000, actually builds this confusion into what looks like a lesson on introducing multiplication where the definition is given á la the dictionaries, including its own, and then it is ignored as follows:-
 
Student: So now that I understand addition and subtraction, are there any more operations?
 
Mentor: Yes there are. The next operation is called multiplication. We write multiplication problems in the form axb, or a times b. For example we will consider 5x3. What this means is that 5 is being added to itself 3 times (5+5+5), but a better way to think about it is that it means 5 groups of 3 units each. Therefore to solve 5x3 you would count the number of units in each group.
 
Student: I feel a little confused.
 
Mentor: Alright, we will use an example you can visualize. Picture 5 separate plates, each with 3 quarters on them. How many quarters are there altogether?
 
Student: Well, if there are 3 quarters for each of the 5 plates, then there are 15 quarters altogether. So 5x3=15.
 
Mentor: Exactly. Now, what if we had 3 plates, each with 5 quarters?
 
Student: Then there would be 5 quarters for each of the 3 plates, meaning 15 quarters altogether. So 3x5=15. Does that mean that multiplication is commutative like addition? [ Etc.]
(http://www.shodor.org/interactivate/discussions/intmult.html)
 
 
It looks to me as if our ‘Mentor’, like many others, is confusing ‘meaning’ with ‘operation’! Whilst the operation of multiplication is commutative, the meaning of multiplication is surely not. I wonder if those who take this ‘doesn’t matter’ stance  would say taking 3 pills a day for 21 days, 3x21, is the same as taking 21 pills a day for 3 days, 21x3 – NOT to be tried at home I should add.
 
This is not my idea of reform. This is not my idea of teaching. This is not even my idea of mathematics. Is it really America’s? 
 
The definition of multiplication means that one cannot multiply ‘things’ by ‘things’ yet traditional mathematics teaching has engraved “area [of a rectangle] equals length times width” in the minds of generations of students world wide. Is it any wonder that American researchers find that students are confused - ‘many elementary and middle-grades children have difficulty with understanding perimeter and area. Often, these children are using formulas such as P=2l+2w or A=lxw without understanding how these formula relate to the attribute being measured or the unit of measurement being used Kenney and Kouba (1997) and Lindquist and Kouba (1989) – or so it says in the NCTM Standards! I am not convinced that student teachers who read their Math Methods text which says “Now we are multiplying two lengths to get an area” and a text book that says “rows x columns” is the way to go, are going to put any minds at rest. As for myself, I daren’t look at what advice was on offer when it came to volume! In teaching about a=lxw we need children to understand that ‘l’ and ‘w’ refer to different things. (See Math Wars 2 : It’s the teaching, stupid. Marshall. KAPPAN January 2006)
 
I did though consider how the meaning of multiplication was applied to fractions and was advised to consult a research based book edited by ‘an expert on rational numbers’. The chapter on multiplication is quite clear that in 6x4, the 6 is the multiplicand and the 4 the multiplier, fitting in with the American Dictionaries. However as the next chapter discusses 2/3 x 4/5 I am told that the repeated addition nature of multiplication cannot be taken forward when looking at the multiplication of fractions. Surprisingly, no indication is given as to just what multiplication experience children do take with them when attempting such problems. It all looked very much ‘yours is not to reason why, just invert and multiply’ (almost literally!) as a series of bullet type instructions are given! Against this confusion how do we expect children to ‘read’ statements such as 2/3 x 4/5 with feeling? What images are created in the mind when children see such statements? Where could it come from? What is the story? Is it really too much to say that we have ‘two thirds, four fifths of a time’ – a carry over from previous teaching? The point being, like in our area problem, the language of multiplication is taken along with them. After all, understanding is about tackling new problems – “There is general agreement that understanding in mathematics implies an ability to recognize and make use of a mathematical concept in a variety of settings, including some which are not immediately familiar.” (Cockcroft, Sir Wilfred. Mathematics Counts. HMSO. London. (1982) page 68)
 
Many years ago I was asked for advice about introducing young children to Geometry. The key here was ‘young children’, young children who were at the concrete operational stage of their development. This recognition of how children develop, so vital in the teaching of mathematics, demanded that we start with 3-dimensional shapes. This seems to be at odds with the reform of NCTM for a cursory glance at the illustrations in Principles and Standards for School Mathematics 2000, and in the methods book I was given, indicates that in the K-2 Geometry section 2-dimensional shapes are the way to go. But is it? In the section of Principles and Standards for School Mathematics 2000 entitled Reasoning and Proof 3-dimensional shapes are given for children to handle but there is an overwhelming desire to call them by their 2-dimensional names, at least I think that is so. After all, what is a ‘thick circle’? A pattern is shown in figure 4.27 (page 123) that a child has made and is proud to see the shapes as 2-dimensional. Where is this going? My children see cylinders and rectangular prisms (cuboids), etc., all over the place. The door and the cereal packet are the same shape – perhaps even being at odds with Pierre van Hiele (e.g.” Children might say, ‘It is a rectangle because it looks like a box’ !!!)
 
Looking at the Geometry issue of Teaching Children Mathematics (January 1999) there is an article (Shape Up) where the authors are critical of some misconceptions some children acquire. The advice offered suggests readers should “1) Emphasize the properties and characteristics of a concept, 2) Provide many examples and non examples ….., 3) Play close attention to language use, and 4) challenge understanding and broaden generalities.” The reader is then invited to give students “a collection of geometric solids and thin attribute block pieces …” Evidently these thin attribute block pieces can be handled! It is my view that journals should not publish such papers. I don’t think they do so to deliberately confuse teachers/children but rather because the editorial staff genuinely believes that ‘a circle has a thickness’. (The editor once told me where I could buy some!) Incidentally, the same magazine carries a paper that claims there is no such thing as a plane shape with thickness (Education Hannah. It’s a what? : Cockcroft and Marshall)
 
In my travels I have spoken with many suppliers of educational materials and this has been quite illuminating. It is clear that they have a different, and in some way understandable perspective, to me. I see good math products and bad math products. They see profitable products and non profitable products. It seems that bad products sell. The bottom line is that if ‘the market’ wants ‘thick circles’ etc.,  then they will supply ‘thick circles’ etc., by the tonne for it pays the mortgage. (My neighbor even has a book that encourages these misconceptions claiming, amongst other things, that a carrot is a triangle, and her young (preschool) grandson loves it!!!! When he gets to school he will get an ‘A’ I am told. When he gets to my class at college he will get ‘F’.) Only recently I had a conversation with a supplier who told me quite bluntly that the ‘in thing’ is now ‘probability’ but his buyers are not interested in concepts but rather knowing that the probability of getting a ‘3’ is 1/6 for the test. (I assume this is a 1-6 dice!!) As I said earlier, it pays the mortgage.
 
I could go on. Quite naturally friends in both the USA and UK ask me what education is like in the other country. I would have to say that I haven’t seen a good math lesson in the US neither has my wife finding ourselves rather like the professor  in the Hiebert and Stigler book I mentioned earlier – “In US lessons, there are the students and there is the teacher. I have trouble finding the mathematics; …” Having visited something like 50 students teaching 6 lessons (not all math) I asked her how many lessons she would be pleased if our son had been in when he was young. The answer was none. However, a recurring theme in my conversations is the quality of those student teachers we met. There is a small group of truly outstanding people wanting to teach and I say this without wanting to add any ‘grade inflation’ to the word. Not all we met are in this category, far from it. If things are going to get better it is these people who will do it. They must be given their head. Why America feels it so necessary to have such central control when all it does is make sure everyone gets mediocrity is beyond me. When the county (or State) says this is what must be done then they had better be right. Setting schools free may, I say may, just allow some quality to come through which can then be replicated.  Getting this workforce excited about teaching mathematics, and retaining them, is going to need a vast rethink across the board.
 
 
Teaching mathematics is a huge challenge and an enormous task. It has been a lifetime work for many who would claim to only have scratched the surface. Getting it right for our children is vital as Thomas Friedman says in his book; The World is Flat, and Senator John Glenn, in his report, Before it’s Too Late. The bottom line as I see it is clearly expressed by Keith Devlin in his book The Math Instinct. (Thunder’s Mouth Press. New York. 2005. ISBN 1-56025-672-9 Page 241) where he writes: “The problem is that humans operate on meanings. In fact, the human brain evolved as a meaning-seeking device. We see, and seek, meaning anywhere and everywhere. A computer can be programmed to obediently follow rules for manipulating symbols, with no understanding of what those symbols mean, until we tell t to stop. But people do not function in that way.” I look forward to your conclusions.
 
John Marshall
Monday, September 04, 2006
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-----Original Message-----
From: Dennis Brownridge
Sent: Saturday, September 02, 2006 12:10 AM
To: National Math Panel
Subject: Teaching of Measurement
 

August 31, 2006
 
Comments to National Mathematics Advisory Panel
NationalMathPanel@ed.gov
 
            As a teacher with 30 years experience, I’m convinced that the greatest single weakness of our current mathematics curricula is our failure to teach a coherent system of measuring units. Measurement is the most widespread use of mathematics, but our textbooks don’t explain the most fundamental measurement concepts, such as coherence (units defined with the same equations as the quantities they measure), base vs. derived, precision vs. accuracy, manipulation of prefixes, and engineering notation. These are essential skills that students need in their science courses, the workplace, and everyday life. 
            The only complete, coherent, and practical system of units is the International System (SI), the simplified modern version of the various metric systems. SI has become the world standard and was adopted by Congress in 1988 as the preferred system for the United States. It is a simple system that, in my experience, students can master very quickly.
            But alas, measurement coverage in our current textbooks is woefully inadequate and outdated, if not plain misinformed. Even elementary quantities such as volume, mass, weight, and density are confusing to our students because we measure them with such a bewildering array of non-SI units. 
          There are literally hundreds of non-SI units used in the United States today, in one field or another. To be fluent in all of them, a person would have to memorize countless definitions and multi-digit factors. Clearly this is an impossible task. The schools couldn’t hope to teach more than a tiny fraction of those non-SI units a student might encounter. And textbooks don’t attempt to do so. They don’t define such common but irrational non-SI units as the acre (43 560 square feet) or fluid ounce (231/128 cubic inches). So students are unable to do even everyday calculations in area and volume.   
          The only solution to this dilemma is to teach SI as the primary system, as NCTM has recommended. Of course, we must also teach a few non-SI units that are used worldwide and essential in everyday life, such as the minute, hour, and angular degree. But the mistake made by our current texts is to reduce the whole subject of measurement to little more than a tedious exercise in converting units. Math courses today generally teach a few token relationships, such as 12 inches per foot, 3 feet per yard, and 16 ounces per pound. But this isn’t nearly enough information to do simple, real-world problems with non-SI units. (If a rectangular aquarium measures 10 × 10 × 20 inches, how many gallons does it hold?)  Moreover, by teaching a handful of relationships and ignoring the rest we are giving students a false sense of understanding. They don’t realize that a pound of force is entirely different from a pound of mass; that ounces of soft drink are volume units unrelated to avoirdupois ounces; or that an ounce of gold or silver is 1/14.583 pound, not 1/16 pound.
          The result of all this is that—unless they have learned SI in their science classes—most students today are completely unequipped to do realistic problems involving measurement. They are ignorant not only of SI, but of non-SI units as well. 
          Thank you for the opportunity to comment on this important issue.
 
 
Dennis R. Brownridge, PhD
The Orme School of Arizona


-----Original Message-----

From: 
Billy Bryant

Sent:
Friday, September 01, 2006 9:28 PM

To:
National Math Panel

Subject: Mathematical Achievement

Sirs:
 

The minds of the mathematical wizards are already made up, so my comments will most likely fall upon deaf ears.  Such is the case in the local schools.

 

A few decades ago Americans usually ranked about third internationally in mathematics.  Today we rank about 25th.  There are several reasons for the decline, but the major reason is the "New Math", I believe. 

 

My wife and I both have reasonably good math backgrounds and are raising a granddaughter.  She comes home with math homework that we both have trouble helping her with.  The answers are simple: but the "new math" solutions require a degree in math to figure out.

 

Statistics show that the new methods of teaching math do not work.  So why keep beating a dead horse?  Go back to the old tried and proven methods and bring American children back to the top in international standing!  The only reason schools are still force-feeding the new method is: nobody has the guts to stand up and say, "It doesn't work!".

 

Thank you for your time!

 

Sincerely,

 

Billy F. Bryant


-----Original Message-----

From: 
Dave Marain

Sent:
Friday, September 01, 2006 8:41 PM

To:
National Math Panel

Subject: Statement to the National Math Panel

This email is being sent by the deadline date of 9-1-06. Pls confirm receipt of this email.

The teachers of the mathematics department of Ramapo H.S. wish to express their strong sentiments embodied in the attached statement. We know the Panel will read this and the hundreds (thousands?) of other similar statements and hopefully will accept these as a mandate for change in mathematics education in this country. It’s not about reform or preserving tradition. It’s about what we feel is best for our most precious national treasure, our children. Do not abandon another generation. Listen to our teachers – no one knows better what is needed in our classrooms.

Sincerely,
Dave Marain
Supervisor of Mathematics & Business
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-----Original Message-----

From: 
Michelle Alves

Sent:
Friday, September 01, 2006 4:52 PM

To:
National Math Panel

Subject: Re: pre-registration for Sept. math panel
Hi Jennifer,

Here are Elon's comments.


Thank you,
Michelle Alves

Chief Executive Officer

Digi-Block, Inc.
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-----Original Message-----

From: 
Bert Beck

Sent:
Friday, September 01, 2006 1:47 PM

To:
National Math Panel

Subject: REVISED paper submitted for National Mathematics Advisory Panel
Good morning Jennifer,
 

I apologize. A small change has been made in the text of the document submitted for the National Mathematics Advisory Panel. Please delete the previous submission and download the attached documents instead. 
 

Please call or e-mail with any questions or concerns.
 

Thank you.
 
Bert Beck
Office of the Superintendent

Orange County Department of Education
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-----Original Message-----

From: 
Melissa Kalinowski

Sent:
Thursday, August 31, 2006 7:56 PM

To:
National Math Panel

Subject: RE: National Math Panel Meeting in Cambridge from 9/13-14

Hi Jennifer,
Please accept the submission of written comments for the National Math Panel meeting. Best regards.

Melissa Kalinowski
Elementary Marketing Director 
PLATO Learning
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-----Original Message-----

From: 
Ben Weintraub

Sent:
Wednesday, August 30, 2006 5:56 PM

To:
National Math Panel

Subject: National Math Panel Testimony

My name is Ben Weintraub.  I am the CEO of Merit Software.  Merit Software has been producing educational math software sold to schools since 1983.  I have been with the company since 1990.

When the No Child Left Behind Act was passed, we sought to conduct scientific-based research on the efficacy of our products.  Prior to 2001, Merit had received a lot of nice comments from teachers about our products. Many teachers had told us they were sure that our software was the reason that their students improved their math ability. 

The software is known for providing context-sensitive tutorials for students while tracking scores for teachers.  The approach allows students to apply skills as they learn them, breaks troublesome concepts down into understandable parts, provides multiple forms of help when needed, and enhances communication among students, teachers, parents, and administrators.

We felt that Merit programs were a good candidate to be the subject of research because all student work is done on the computer, time-on-task can be measured, and students advance when they demonstrate readiness.

In 2002 we began a research partnership with faculty at the Marshall University Graduate School of Education in West Virginia to evaluate Merit as a curriculum supplement.

The initial research was conducted on the use of Merit reading and writing programs at a rural middle school.  The evaluation was a longitudinal study and divided students into control and treatment groups.  The results showed that the lower quartile students made long-term gains in reading/language arts, and other subjects that were not covered by the software.  Math was one of these subjects. A paper about the research was published this summer in the Journal of Computer Assisted Learning.

In 2005 another study was started using Merit math software at a urban middle school.  In this evaluation, the school used our software for fractions, word problems, pre-algebra, and basic algebra.  The results showed that:

- The standardized test scores of the Merit treatment group were higher compared to those who did not use the software.

- The treatment has an extremely large impact.  An effect size of .844 was calculated for the treatment group's test scores.  Following established guidelines by Cohen, where .14 is considered to be a large impact, .844 indicates a substantial increase in math scores from pre to post test.

- A p-value of .001 was determined for the math scores of the treatment group.  This is evidence that these results were not a fluke or a statistical oddity.

- Positive results transferred to other areas of academic achievement. Gains were seen in test scores for science, social studies and reading/language arts.

- Socioeconomic variables, such as ethnicity and free-lunch eligibility, were found to be a statistically insignificant factor in overall test scores gains.

A detailed paper about this research, which has been submitted as exhibit to my testimony, was published this summer in i-Manager's Journal of Educational Technology.

In conclusion, today's curriculum supplements can be very powerful and can have a dramatic effect on student performance.  Clearly there are ways to prepare our nation's students for algebra.  The evidence shows that using supplemental software in schools can work.  

Not every math software product sold to schools does work, or can work.  However, the ones that will work provide personalized instruction; allow students to apply skills as they learn them; and tap into students' own desire to improve their skills. 

Please let me know if I can be of further assistance to the Panel.

Ben Weintraub

Merit Software
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-----Original Message-----

From: 
Kathy Mowers

Sent:
Tuesday, August 29, 2006 4:42 PM

To:
National Math Panel

Subject: Re: deadline for Math Panel comments
Jennifer: I have attached two copies of the AMATYC letter in PDF format.  For inclusion in the Panelists' meeting material, would you please use the letter with the signature?  

If a decision is made to post the letter on the web, I would prefer that my signature not be posted, so I've attached the same letter without my signature (AMATYC letter to NMAP no signature.pdf).

Please let me know if there are any technical problems with the files.

Thanks,

Kathy Mowers

AMATYC President

Professor

Owensboro Community and Technical College
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-----Original Message-----

From: 
Cheryl H. Jaffe

Sent:
Tuesday, August 29, 2006 12:49 PM

To:
National Math Panel

Subject: Comments for National Mathematics Advisory Panel

Dear Panel,

I have many issues that warrent discussion, two of which 

are closely related to your focus (as I perceive it).  One 

is a data point on the issue of teacher salary and 

quality.  The other is an approach of teaching children 

from a young age the tools which which to make solving 

math

problems easier, indeed possible.

Regarding teacher salaries:

I lost my job after 9 years as a research engineer. I was 

able to get a teaching license by taking a test* and a 

night class, and student teaching while receiving 

severence pay. After the severence pay ran out, I was on 

unemployment for a few months until I got a job as a high 

school math teacher. My NET teacher salary was about the 

same as I received on unemployment, only as a teacher I 

had to pay for daycare out of that amount. Financially I 

was better off on unemployment.

I had a good start as a math teacher because of my 

approach of trying to make math easy for the kids, and 

keeping math connected to the world. I had a lot to learn 

about pedagogy, and a FANTASTIC set of colleagues to learn 

it from (at Marlborough High School in Marlborough, MA). 

Had I stayed in the field, I'd have become a great 

teacher. But an offer came along that I couldn't refuse - 

by returning to engineering, I more than doubled my gross 

salary, and things like pension are added OVER my salary 

as a benefit, rather than being taken from my salary.

Not all great teachers are great mathemeticians, and not 

all great mathematicians are great teachers. But there are 

many who could and probably would be both if they could 

support a family - I work with them in a field that pays a 

living wage.

Regarding math tools:

During my brief but memorable experience teaching, I 

noticed an overwhelming trend among students to work math 

problems in manner that made them much more difficult

than they needed to be.  For example, the approach to a 

problem which asked for the circumference of a circle with 

diameter 21 using the 22/7 approximation for pi, was to

multiply 21 and 22, and long divide that product by 7 (or 

worse, long divide 22 by 7, and then multiply by 21!). 

 Not a single student simplified the problem by factoring 

21 and

using the multiplicative identity to cancel the 7's, and 

almost all of them made mistakes.  I consider this the 

mathematical equivalent to using your fingers to nail 

shingles onto the roof.  Most of these kids could recite 

the properties of real numbers, just like I could pick a 

hammer out of the tool box, but they didn't know how to 

USE them.  If I ever get enough time away from my job, I 

would like to develop a curriculum for middle school 

students (or younger!) which will teach them not to 

memorize and regurgitate the properties of numbers, but to 

USE them to make math easy.  It should be taught with 

basic arithmetic,

and retaught with algebra.  I was teaching this with a 9th 

grade remedial math class when one of my students told her 

classmate to "shut up - I'm learning!".

Although it is not as directly related to your focus, I 

hope that the council will give some thought to one other 

issue: how to prevent losing young gifted math learners to 

boredom and underachievement.  The law that allows schools 

to discriminate on the basis of age makes it nearly 

impossible for young gifted mathematicians to access 

challenging material more than one or two hours per week, 

and that's only in grades and schools that have good 

identification procedures and programs for gifted kids. 

 It's not nearly enough.

Thank you for your time.

Sincerely,

Cheryl H. Jaffe

Systems Engineer

Northrop Grumman Corporation/Electronic Systems Division


-----Original Message-----

From: 
Joseph J. DeBartolo

Sent:
Sunday, August 27, 2006 1:17 PM

To:
National Math Panel

Subject: Comments to the National Math Advisory Panel Meeting

I have been a Connecticut Licensed Professional Engineer for over 45 years.  There is no question in the engineering community that designing in metric is easier, faster, less prone to error, and cost effective.  No doubt this is one of the reasons that the world, outside the U.S., now operates in the metric system.
 

Each year more American companies are taking advantage of the worldwide market that is available for products that are designed in metric.  This in turn increases the need to employees who are not only familiar with metric units, but also have the ability to work in that system.  Teaching these metric skills is essential to prepare our children for those employment opportunities.

 

Respectfully,

 

Joseph J. DeBartolo, P.E.


-----Original Message-----

From: 
Richard W. Rusk

Sent:
Saturday, August 26, 2006 2:23 AM

To:
National Math Panel

Subject: National Math Advisory Panel

I congratulate you on being selected to serve on the National Math Advisory 

Panel (NMAP).  You have the very challenging task of improving math 

education in the U. S. “in order to keep America competitive, support 

America talent and creativity, encourage innovation throughout the American 

economy….”  This panel will focus on improving math education to meet 21st 

needs - a daunting task to say the least.  Two facets of the challenge are 

to realize that the rest of the developed world uses the metric system of 

units as the only system of measurement throughout its economy and that our 

country doesn’t rule the roost anymore.  China and India are emerging 

big-time and England is expecting to change highway signage to metric 

before it welcomes visitors for the upcoming Olympics.  The European Union 

is expecting to require that all goods coming into it be labeled in metric 

units only in a few years. While this idea is being negotiated with the U. 

S. the handwriting is on the wall.  Are the Asian countries next?

Having encountered the resistance to increasing the emphasis on teaching 

the metric system in the public schools in my home district I have some 

sense of the problem.  Whether for the better or worse our county has an 

elected school board.  Therefore, school administrators are very sensitive 

to public opinion.  One must remember that our nation is a republic in 

which we elect our president, senators, etc. to do the necessary research 

to act wisely on the issues at hand.

Having said that, I believe that it is a waste of time to teach the 

antiquated inch/pound system in our schools unless it would be included in 

a single period lesson in a history of technology course.  The time saved 

could be used on understanding more advanced concepts.  A change of such 

magnitude will certainly cause problems.  Students emerging from high 

school without a background in the inch/pound system will certainly have 

enough ingenuity to buy T bone steak by the pound until the supermarkets 

catch up.  Also some of the long time in-service faculty may need workshops 

to be brought up to speed on metric units.  These temporary inconveniences 

will pale in contrast to the dividends accrued by taking this giant step 

forward.

In summary, our nation will face many severe challenges as it moves through 

the 21st century.  It is vitally important that it has the tools to move 

forward.  One of the important tools is complete metrication.



-----Original Message-----

From: 
Pierre Abbat

Sent:
Friday, August 25, 2006 10:54 AM

To:
National Math Panel

Subject: National Math Panel comments

To retain and increase American competitiveness, it is important to teach the 

metric system as the only system of measurement. Scientists and engineers 

have been using metric for over a century. When American children enter 

physics class not knowing their own height in meters or their mass in 

kilograms, they are at a disadvantage compared to children who have been 

using these units all their lives.

The Internet has brought people all over the world together. I talk daily with 

people in Europe and Asia about hair care, food, and health. Using different 

units causes confusion when we talk to each other.

The metric system is based on 10. The customary system has a mixture of 

different bases. In metric you have no unround internal conversion factors 

such as between gallons and acre-feet or between dry pints and liquid pints. 

All internal conversion factors are powers of 10.

Besides base 10, we should also teach base 2 (or 16) and base 60. Base 2 is 

used with computers, and base 60 is used with time (we can't avoid it, as a 

second is 1/86400 day) and angles. These don't need to be taught as 

intensively as base 10; no one I know of multiplies in base 60.

Pierre Abbat


-----Original Message-----

From: 
Gary P. Carver

Sent:
Friday, August 25, 2006 10:04 AM

To:
National Math Panel

Subject: comments to NMAP

Comments to the National Mathematics Advisory Panel, U.S. Department of

Education:

To meet its purpose, the National Mathematics Advisory Panel must find

that teaching only the metric system of units in American schools should

begin immediately.

Everyday, people see and use both metric and customary units almost

interchangeably everywhere, except perhaps on highways and in gasoline

stations.   As more and more metric products entered our economy, people

easily switched to, for example, buying soft drinks in liters and aspirin

in milligrams.  People adapted to using computers and the metric

terminology associated with them.  People who work in many industries,

particularly technical industries such as medicine, engineering, and

science but also basic industries such as automotives, electrical, and

food packaging, use metric units at work and conventional units on their

drive home.

Students don’t need to spend time in mathematics classes to learn both

systems and to learn the useless conversions among units.  It is not only

a waste of time; it also is an activity that misleads students into

thinking that converting among units is an end in itself.  In fact, units

are merely the means of measuring quantities.  Measurement, including its

attributes such as precision, accuracy and uncertainty, and the way it is

used to describe our perceptions of reality are the important concepts.

Despite the persistence of U.S. customary units in our society, the

National Mathematics Advisory Panel would fail if it missed the

opportunity to declare the metric system of units the only system of units

to be taught in our schools.  Students need to learn the concept of

measurement—and they can learn it best using metric units.

In summary, I have two recommendations:

1.  I urge the Panel to look beyond the unproductive teaching of our old

system and reject any classroom conversion of its units to the metric

units used in the global community.

2.  I propose that the Panel elevate the concept of measurement and lower

the mechanical manipulation of measurement units in mathematics education.

Sincerely,

Gary P. Carver

Former Director

U.S. Department of Commerce Metric Program


-----Original Message-----

From: 
Jim Elwell

Sent:
Wednesday, August 23, 2006 3:12 PM

To:
National Math Panel

Subject:
letter to NMAP

 Please see attached PDF letter.

Thank you.

Jim Elwell

www.qsicorp.com
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-----Original Message-----

From: 
William Brenner

Sent:
Tuesday, August 22, 2006 10:48 PM

To:
National Math Panel

Subject: Teaching the Metric System

I am writing to urge the National Mathematics Advisory Panel to include

metric education among its priorities.

Thomas Jefferson introduced the metric system to this country about 200

years ago but was unsuccessful in getting it adopted, primarily because

Congress was unsure it had the constitutional authority to do so.

Jefferson did convince Congress to adopt a decimal-based money system,

however, saving us the horrors of 200 years of the highly unwieldy

shillings, pence, bobs, and pounds from which the British only recently

have been able to free themselves.

Today metric measures are used by 95.4 percent of the world's

population - - 5.7 billion people - - for everything they do. Even in

this country, people buy cola in liters, aspirin in milligrams, and

light bulbs in watts (electrical measures, and everything in science,

have always been metric-based). Our largest trading partners, Canada and

Mexico, are metric countries. Major U.S. industries, such as auto,

machine tool, electronics, soft drink, liquor, pharmaceutical, and

health care, are primarily or completely metricated.

The metric system is decimal-based, easy to use, and coherent; the

inch-pound system is not. The final step in fully aligning our country's

measurements with the rest of the world is to teach the metric system as

the primary means of measurement in our nation's schools.

William Brenner, Vice President

National Institute of Building Sciences

Washington, D.C.



-----Original Message-----

From: 
Mary Gerke

Sent:
Monday, August 21, 2006 3:05 PM

To:
National Math Panel

Subject: Metric Education

I am writing to urge you to recognize the importance

of the language of science; namely, the expanded

metric system known as SI.

As a science teacher, I am yearly embarrassed to tell

my students that the United States is the ONLY country

still using an antiquated and incoherent measurement

system. These students find the SI vocabulary simple

to learn and easy to use.  Why SI is not a subject of

maximum priority for the National Math Advisory Panel

is NOT understood.

Why must our students be burdened with TWO measurement

systems and yet be expected to surpass students from

other countires not so burdened?



-----Original Message-----

From: 
William Hooper

Sent:
Sunday, August 20, 2006 8:33 PM

To:
National Math Panel

Subject: Comments to Nat’l Math Advisory Panel meeting

I should like to submit the following comments and recommendations to  

the National Mathematics Advisory Panel meeting on 2006 September 13  

and 14.

===================================

If we wish to keep America competitive in a world where everyone else  

uses metric measures for everyday trade and commerce, it is vital  

that we have a major effort to educate our children to use the  

International Metric system (SI). For our children to succeed in this  

world, where 95% of the population uses metric, our children must be  

able to use the metric system with ease and familiarity. Familiarity  

with metric is especially important for high tech jobs that are so  

critical to American competitiveness.

Teaching an occasional unit on the metric system won't do. Just  

learning "about" the metric system won't do either. Our students need  

to learn to USE the metric system with facility. What is needed is a  

major emphasis on using and teaching metric consistently throughout  

the mathematics curriculum.

The best and surest way to do this is to stop teaching (and stop  

USING) the Old English system at all levels of mathematics. Indeed,  

mathematics teachers need to solicit the aid of their colleagues in  

other disciplines to assist this effort by using metric in their  

teaching as well, from 2 cm margins on reports in English to 100 m  

dashes on the athletic track.

Teaching metric rather than Old English measurements has additional  

advantages. It saves time and money because it is easier to teach.  

When used in everyday business it saves more time and money because  

it is easier to use and reduces errors. Since metric is used  

virtually everywhere else in the world, teaching it will facilitate  

travel and tourism, both making it easier for our people who travel  

to metric countries as well as making it easier for us to accommodate  

visitors from metric countries who come here.

There are those who would argue that we still need to teach Old  

English measurements because students will encounter them, since  

those old mesurements are still in wide use in the US (although  

nowhere else). I disagree! Instead, I maintain that the students know  

enough of it already. Those in the upper grades who will soon be in  

the job market have already had at least 12 years of schooling in the  

Old English system. They don't need any more. Those in the earlier  

grades who have 12 years of schooling yet ahead of them, will find  

that by the time they finish those 12 years, the metric system will  

be even more prevalent than it is now and it will be more necessary  

to know metric than to know the Old English measures.

I ask the Panel, please, not to relegate the metric system to a long  

"list of topics to be taught"; instead, please make metric education  

one of the main pillars of mathematics education. There are few  

specific recommendations that could go further to fostering greater  

knowledge of and improved performance in mathematics among American  

students. That should be our goal and teaching metric will help us  

get there.

Sincerely,

(Dr.) William Hooper, BS, MS, EdD

Professor of Physics and Astronomy (ret.)

The University of Virginia's College at Wise



-----Original Message-----

From: 
Tony Pickar

Sent:
Friday, August 18, 2006 2:44 PM

To:
National Math Panel

Subject: public input

Hello,

I am a K-12 mathematics curriculum coordinator for DCEverest Schools in Wausau, Wisconsin.  I am just concerned that your recommendations for math education follow the vision set forth by NCTM in their Standards documents, PSSM Principles and Standards for School Mathematics, and other documents.  I have spent many hours instilling NCTM's vision and philosophy in educators around the state, and I truly believe that NCTM's vision for mathematics for all is the only way that we will prepare students for living in the 21st century.  I fully support the methods suggested by NCTM (cooperative learning, technology, and manipulatives) along with the NSF curriculua of (Elementary: Everyday Math, Math Trailblazers, Investigations   Middle School: Connected Math, MathScape, Maths in Context   and High School:  Core-plus, Math Connections, and IMP.) as useful tools to make mathematics instruction more meaningful for our students.  Thank you very much for your time and feel free to contact me at the address below.

 

Sincerely,

Tony Pickar
Math Curriculum Coordinator
D. C. Everest School District



-----Original Message-----

From: 
Arthur Hu

Sent:
Thursday, August 03, 2006 10:51 PM

To:
National Math Panel

Subject: Parent for real math

I am a parent from Kirkland/Bothell WA, and I am appalled at the NSF funded textbooks my teachers were forced to use by the district. The homework took much more time, and taught much less. They took an entire booklet to cover median and average, yet did not teach the simple formula average = sum of items divided by number of items. The whole movement seems devoted to making students work harder to learn less. If the US is to maintain technical leadership, it cannot abandon the teaching of mathematics as it has been taught for generations since the invention algebra. The new methods refute, rather than teach classic time tested methods of computation and mathematics.
 

Arthur Hu

Parent of 3 boys grades 5 through 9


-----Original Message-----

From: 
Dave Marain

Sent:
Thursday, August 03, 2006 3:39 PM

To:
National Math Panel

Subject: Re: Questions to the Panel

HI Ida!
Thank you for your quick response. I’m still in shock that you’re taking the time to reply! You’re my only reason to still have some faith in this panel. 

I did read the executive order and there were enough references to secondary math (up to calculus) that I still see a real need for a current secondary teacher on the panel.

There is also a section devoted to culling opinions from others not on the panel, including parents, other experts, etc. I will certainly try to voice my opinion in person and attend the next meeting but that remains unlikely.

You need to understand the source of my frustration and cynicism regarding bureaucratic processes. It’s been almost 20 years since NCTM came out with their first set of Curriculum recommendations. Math ed professors have written new books, districts have made several new textbook adoptions and students’ arithmetic and algebra skills continue to steadily erode. There’s more than anecdotal evidence here. The educators I work with every day, savvy students and parents echo these sentiments ad nauseam. Still, new curriculum committees, researchers and textbook companies continue to ignore the obvious that Liping Ma has been calling for – a ‘profound understanding of fundamental mathematics’ is essential. Perhaps her presence will turn things around, but who knows. And there’s more... Higher-order problem-solving in which students from other nations successfully engage require one to apply their knowledge, just like on our SATs and math contests. The problem is that our students DO NOT HAVE THE KNOWLEDGE TO APPLY! We have a generation of clever problem-solvers who are tech-savvy, who know how to work-around many issues, but YOU CANNOT WORK-AROUND THE ESSENTIAL SKILLS OF ARITHMETIC AND ALGEBRA. You can’t fake the Laws of Exponents! You can’t consistently achieve accurate solutions to problems by pressing the ‘Solve’ key on a graphing calculator. Parents know this, educators know this yet educational ‘experts’ IGNORE THIS!

Yes, there are some members of the panel who seem to share some of my concerns. However, it takes bold courageous individuals to make a sea change happen and that is what I believe is needed here. From my contacts with many other educators and parents, my views are not so extreme and are not isolated.

Understand that I will continue to endeavor to be heard by this committee. However, I really don’t believe my lone voice will amount to much. I do believe a blog that gets the attention of education journalists can reach thousands. I know you will wish me all the best with this! I know Tyrrell will send me another boilerplate response. I know that real change will only occur if one can be heard. Thank you for caring...


Sincerely,
Dave Marain
Supervisor of Mathematics & Business


-----Original Message-----

From: 
Dave Marain

Sent:
Wednesday, August 02, 2006 6:05 AM

To:
National Math Panel

Subject: Re: Questions to the Panel

Dear Ida,
I continue to be optimistic that the Panel will come to appreciate the need for more input from educators and the populace at large before attempting to reach consensus. The College Board recently made a decision to revise their timeline for their new AP Audit process. This resulted from seeking direct input (via email) from professional educators who provided cogent arguments for delaying the original deadline for submission. My point is that they elicited and listened to a broad spectrum of views. This sends the message that they truly care about producing the best possible product. Although you make strong arguments for not setting up an electronic forum, they do not dispel for me the unfortunate message that this Panel does not truly care about the broad opinions of a large cross-section of math educators. 

Yes, that is my opinion Ida. However, I am deeply concerned about the makeup of the Panel and what I’ve read so far coming from the Panel. First there is no direct representation from current secondary mathematics. How is it possible that an elementary and secondary educator were not selected for the group? That is unconscionable. Further, the Panel seems to be more concerned with research requirements for a doctoral dissertation than substance. That’s not what our children need. There are significant problems in math education in this country. This Panel should first define these problems and then make specific recommendations for their solution based on Best Practices and informed by current research. That’s not what I see happening but of course I only have a very limited view of the proceedings. 

I am writing this to you personally because you are the only one associated with the Panel who has taken the time to respond personally and not with an insensitive form letter as I received from another individual. I believe you value my comments. I am hoping that my statement to the Panel regarding the need for National Standards and the AP model was truly acknowledged and will be given serious consideration.

Sincerely,
Dave Marain


-----Original Message-----

From: 
Lorelle Young

Sent:
Wednesday, July 19, 2006 1:54 PM

To:
National Math Panel

Subject: Teach only the metric system
Ladies and Gentlemen.
 

Thank you for inviting letters from interested parties.  My letter is attached.

 

Sincerely,

 

Lorelle Young, President

U.S. Metric Association, Inc.
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-----Original Message-----

From: 
John Shacter

Sent:
Thursday, July 13, 2006 11:12 PM

To:
National Math Panel

Subject: Teaching Math with the “KISS” Approach

Please pass this on to the Math Advisory Panel. I'll be glad to elaborate, including visits, if requested.

By the way, the acronym KISS refers to: "Keep It Simple, Stupid."

I am a semi-retired engineer, management-and-technology consultant, and educator. You can find more background information in the Who's Who volumes on Science and Engineering, and on Finance and Business. I have thus been a user of math, for many decades, rather than a mathematician. I am a bit concerned, that the Math Advisory Panel will come up with a more complex approach than needed. 

For example, the panel which doesn't seem to include a single engineer, technologist, or business "types," could actually place barriers against the KISS approach and make students hate math even more than they already do today, if it were to set overly ambitious objectives of trying to teach the complexities or rote-vocabulary of math in an attempt to convert the maximum number of public-school students into future mathematicians. 

I am also a frequently invited local and regional substitute teacher and prefer the teaching of math in any public-school grade, but especially grades 3-12. As a user of math, I firmly believe in the "KISS" approach of teaching any subject, especially math. The students seem to like my style and ask for me to be re-invited. Some of the teachers have asked me to teach or tutor their own children.

(By the way, this is not very relevant, but I received my early education in Vienna, Austria. There are some differences in the way math is being taught in different countries or regions, and our own students seem to fall behind, the more years they spend in our classrooms. However, our parents and students seem to score highest in "self-esteem.")

Generally, students (and some teachers) claim that they "hate" math. However, all of them just "love" money, and I am shameless enough to take full advantage of that combination. So when I see the students' eyes fog over, I just switch for awhile and teach them about "budget" or "profit" concepts, differences between savings and investments, or why "money management" doesn't just consist of knowing how to sign a credit card!

Students need to understand how to reason qualitatively and quantitatively (with math), and how to express any aspect of this reasoning clearly and effectively, orally and in writing. 

Moreover, for illustrative purposes -- most students in third grade need to know instantly what 7 times 8 is. Memorizing the multiplication-division table for math is just as important and basic to more advanced math-learning, as memorizing the alphabet is for learning English vocabulary. Thus, they need to know, eyeball-to-eyeball, (no pen, paper or calculator) what 56 divided by 7 or 8 is, and what 57 divided by 7 or 8 is, with and without the use of "remainders". 

In third or (latest) fourth grade, they also need to know how to handle decimals, fractions and percents, and how to proceed to translate quickly and smoothly from one system to either one of the other two. They also need to know, again eyeball-to-eyeball, what 3 divided by 1/3 is (and the answer is NOT 1!), or how to multiply or divide integers and decimals by 10, 100, 1000, etc.

(Unfortunately, the way some of our colleges educate our teachers, some of them may not be able to supply all of the above simple, elementary arithmetical answers. Moreover, many of today's enormous-size text books may tend to cause more delayed hernias rather than simple understandings.)

Finally, still illustrative of my teaching in the third or fourth grade, I introduce my students teasingly to simple algebra, and when I tell them that they had just been introduced, I finally use the word "algebra" which adults seem to be so proud of. I start with the use of a question mark -- like: 2 + ? = 5. What is the question mark? (Most of them know immediately.) 

Then I claim that I hate question marks -- will they allow me to ask instead: 2 + A = 5. Now what is "A"? (Most of them think that is a silly question, since the answer is still the same.) And then I may ask them about 2 + A + B = 5, etc. etc. They seem to delight in all of this teasing and go home bragging to their parents that this crazy substitute teacher taught them "algebra" which they weren't supposed to be ready for any of that until middle school.

I am going to send you a simple, short memo telling the reader all he/she needs to know to operate with "fractions". The way we teach them, many students seem to think that "fractions" are rather difficult or complex. 

You have many other advisors. So I may offer a bit of pleasant competition. Let's select, say, 45 fourth or fifth graders. Give your favorite expert 15 students by random selection, and give me 30. Then let's see who can add greater gains to his group in a defined area of math -- say solving problems with integers, decimals, fractions and percents, and being able to translate any one of them to the others. We can  then analyze the effectiveness of competing approaches in conveying math and hopefully making students like it, as well.
=============

Would any of this type of practical experience be of any value to the math advisory panel? If so, I shall be glad to elaborate or assist the panel, including visits, as well as I can. I have many other ideas on how to make major, not marginal improvements in curricula and teaching. However, I also believe that many of our gaps in quantitative reasoning and other subjects can be traced to an inadequate understanding of basic math. 

Cordially, John
John Shacter


-----Original Message-----

From: 
Don Jordan

Sent:
Monday, July 10, 2006 5:16 PM

To:
National Math Panel

Subject: Teaching Metric in the US

To Members of the National Metric Panel.

From:  Dr. Don M. Jordan, professor Univ of South Carolina

Six months to two years of elementary arithmetic could be eliminated with the adoption of SI-Metric.

I have attached documents in support of my belief that the US Educational Systems suffers because of the lack of a strong plan to teach metric to students K -12.  The Child receives the old US English System at home.  The Student must receive metric education in grades k-12 at the schools with very little time spent on the old US English system.

****

Did you know that..?

?
Metric minimizes the likelihood of error.

?
Metric does not have the numerous conversion factors of other systems.

?
Metric has one unit for a quantity.

?
Metric is legal, logical and preferred.

?
Six months to two years of elementary arithmetic could be eliminated with the adoption of SI-Metric.


?
IBM during metric conversion reduced fastener part numbers from 38,000 to 4,000.


?
One bottling industry reduced its container sizes from 53 to 7.


?
You would weigh 82 kilograms instead of 180 pounds.


?
Public Law 103-227 of March 31, 1994, asserts that mathematics and science education, including the metric system of measurement, will be strengthened throughout the system, especially in the early grades.


?
All major science and education organizations have encouraged the United States to fully adopt the metric system as the language of measurement.

?
The National Association of Academies of Science and the United States Metric Association are writing the National Metric Education Guidelines.

METRIC FACTS 

English is the international language of business.

Metric is the international language of measurement.

?  The Metric System - How to teach young people what they need to know!

1.
Teach using only the Metric System.

2.
Use rulers and measuring tools that have only metric scale units.

3.
Teach measurement and physical quantities using materials and examples that students can see and touch.

4.
Select, estimate, compare and use appropriate units to measure:

length (meter/centimeter); mass (kilogram/gram); volume; (liter/milliliter); temperature (degree Celsius)

5.
Teach by actively involving the students in measuring activities.

6.
Universities and Colleges that educate elementary school teachers should teach the system and how to use it.  

7.
The change to the metric system is for all people and all disciplines (not just science, engineering and math).

What US Needs:

A Certified Metric Specialist in each of the 1,646 Schools in the United States.



See www.cosm.sc.edu/jordan under Metric for more information

If you want to know how to become a Certified Metric Specialist, write or email

Dr. Don M. Jordan / Center for Science Education / College of  Arts & Science / Sumwalt Rm. 323 / USC  Columbia, SC / 29208  jordan@gwm.sc.edu / 803.777.7007

Metric Week in South Carolina is sponsored by the 

South Carolina Academy of Science, Founded in 1924 &

The Center for Science Education at USC

*****

 See attached for more information:

We need to establish the National Metric Teaching Guidelines and have every teacher in K-8 trained in metric measurement.  Until this is done, the US will continue to have teachers in the class room that do not feel comfortable or knowledge about the metic system.  The teacher needs to become a believer!

thanks for taking the time to read my comments.

don jordan

Dr. Don M. Jordan

College of Arts & Sciences

Center for Science Education
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-----Original Message-----

From: 
Randall Groth

Sent:
Friday, July 07, 2006 9:58 PM

To:
National Math Panel

Subject: Evidence Standards

Dear Panel Members,

I recently read the evidence standards Dr. Benbow suggested for

determining the types of studies that will be considered in the panel's

final report (posted at http://mathpanelwatch.blogspot.com/). At one

point, Dr. Benbow commented, "We will not limit ourselves to data from

just one type of methodological design." However, the evidence standards

she proposed are applicable only to quantitative studies. 

If the intent truly is NOT to limit the final report "to data from just

one type of methodological design," I urge the panel to consider the

following references if they have not done so already:

(1) Lester, F.K. (1996). Criteria to evaluate research. Journal for

Research in Mathematics Education, 27, 130-132.

In this article, Lester describes a set of criteria for evaluating

research that cuts across various paradigms and methodological designs.

(2) Simon, M.A. (2004). Raising issues of quality in mathematics

education research. Journal for Research in Mathematics Education, 35,

157-163. 

Simon begins by recognizing the fact that a number of new and adapted

methodologies have recently been used in the field of  mathematics

education research. He argues that this should be considered a sign of

the field's vitality. He then reflects on issues of quality in

qualitative research. 

(3) Lesh, R., & Clarke, D. (2000). Formulating operational definitions

of desired outcomes of instruction in mathematics and science education.

In A.E. Kelly & R.A. Lesh (Eds.), Handbook of research design in

mathematics and science education (pp. 113-149). Mahwah, NJ: Erlbaum. 

Lesh and Clarke offer a critique of elements of the traditional

quantitative paradigm for research. They go on to provide a convincing

argument that traditional quantitative studies are not the only kind of

"scientific" study. They offer multi-tiered teaching experiment

methodology as an example of a scientific research paradigm. 

Thank you for reading this input. Good luck in your deliberations. 

Randall E. Groth, Ph.D.

Assistant Professor of Mathematics Education

Salisbury University



-----Original Message-----

From: 
Tony Husemann

Sent:
Thursday, July 06, 2006 9:12 AM

To:
National Math Panel

Subject: Re: National Math Panel’s Focus

Dear Math Panel Members,

Having just completed the teaching of a "Special" Math Methods course

at Florida Atlantic University, I asked my students a question which

appears in an article in EdWeek concerning your panel's work. To wit,

beginning perhaps in 1927 when NCTM published a report on how to solve

problems with math education, America has had one such report or study

after another done. In almost 80 years since that early NCTM study,

researchers continue to say "there isn't much research" on how to solve

America's math education problems. How is it, with over 75 years of

research into the matter, there still "isn't much research" on how to

teach math to minorities?

Perhaps, there is an approach problem. Students in my course noted the

absence of any but one actual classroom math teacher on your panel. I

noted for them that a previous, highly acclaimed panel, the Glenn

Commission, had also had only one math teacher on it. Perhaps, research

could be conducted by sampling mathematics teachers in America's public

and private schools and asking them "how do you teach math with

success?" Comparisons between schools and teachers and their techniques

might reveal weaknesses or comparative strengths in teaching techniques

between schools with different racial and SES make-ups that could

potentially point to better methods in the weaker schools. Sample the

teachers! Instead of asking other "expert" who have either never been in

a public school classroom, or were 20 years ago and have not been back

since!

Secondly, the class noted with me a disparity in how tests are

designed. For example, it is a well known educational paradigm to test 

not only what you taught, but the way it was taught. Many of the lower

performing math students benefit greatly from the use of manipulatives

in their math learning. But, nothing like manipulatives is ever

incorporated into the State or National exams they must take to

demonstrate math ability. Perhaps the "standardized" tests could be

re-standardized to test the way math is actually taught to those pupils

who have "traditionally" done poorly on the present set of exams. 

Lastly, there is the issue of culture. My special methods math classes

were made up of teachers who came from low income schools on a grant to

improve their teaching. They all testify to the truth of the most recent

PDK-Gallup Pol on American's Opinions of our schools. That is, the

troubles with schools actually originate outside of the schools

themselves. There are powerful anti-educational forces at work in the

communities around schools, but parents still expect the schools to fix

those problems. Perhaps, as Coleman noted in 1966, and Vera and Hayes

documented further in 1978, minorities perceive that social barriers,

not educational ones, prevent their success in our society. That topic

has also had lots of study, but little done to change the outcomes for

lower SES families. 

In fact, an examination of the latest NAEP reports shows a clear,

almost startling trend in math scores. Overall, a bit more than 505 of

the Nation's students are at the "basic to proficient" quartile. But,

switch the view to see how males do vs females, and a disparity appears.

Continue across the top to compare blacks, Hispanics, and then "free

lunch" to no-free-lunch students and an amazing picture immediately

emerges. If you are poor, or black, or Hispanic, our math educational

program fails you. Surprised? You, no doubt will say "Of course not,

that's why the Panel was convened." Really? After almost 80 years of

reports with titles like "A nation at risk" or "The gathering storm" or

"Before it's too late"  the distinguished Presidential Panel to improve

mathematics instruction isn't even surprised we STILL can't get it

right? Maybe, that's our real problem. We actually do not expect to

accomplish anything, and so, once more, we won't!

I would love to be involved in some real research into how to improve

math education fro minorities in this country, before it really is "too

late." My contact information is below, and besides, perhaps you would

consider this-try surveying the 2.3 million member NEA teachers for a

change. "What's wrong with our public school system of education?" might

be a good start-up question to ask them.  

Anthony J (Tony) Husemann

CCA Science Team Leader



-----Original Message-----

From: 
Frank Lester

Sent:
Tuesday, July 04, 2006 12:28 PM

To:
National Math Panel

Subject: Letters to Drs. Faulkner and Benbow

Dear Drs. Faulkner and Benbow,
I am contacting the two of you in your roles as chair and vice-chair of the National Mathematics Advisory Panel to inform you of a resource that may be of value to the Panel in it deliberations.? Specifically, I am editing a revision of the Handbook of Research on Mathematics Teaching and Learning that was originally published in 1992 by Macmillan.? The 1992 handbook has been the most widely cited reference on research in mathematics education in the world and the second edition is likely to be just as valuable to the research community.

The new edition, titled Second Handbook of Research on Mathematics Teaching and Learning, will be published in the Spring of 2007 by Information Age Publishing Co. and distributed by the National Council of Teachers of Mathematics.? Members of the advisory board for the new handbook include:

Douglas Grouws, University of Missouri

James Hiebert, University of Delaware

Carolyn Kieran, University of Quebec at Montreal

Judith Sowder, San Diego State University

Lee Stiff, North Carolina State University

In order to give you a sense of the scope of the handbook, I am attaching a copy of the table of contents (note: the final two chapters are under development and do not yet have titles), which includes a list of authors and their affiliations.? Should you wish to gain access to any of the chapters, please contact me and I will endeavor to have PDF versions sent to you. (I should add that the volume is large, more than 4 500 manuscript pages, with the average length of a chapter being about 150 pages.)

I look forward to your reply.

Sincerely yours,

Frank Lester
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-----Original Message-----

From: 
Mark Henschel

Sent:
Monday, July 03, 2006 1:47 PM

To:
National Math Panel

Subject: The need to teach SI in the early grades

Dear Sir/Madam:

On the issue of teaching math in American schools, I just want to 

reinforce what numerous other people have probably already mentioned to 

you, and that is the need to teach SI metric units in all math classes 

at all grade levels.

The thing I have noticed about science education is that often the only 

time students are exposed to the use of SI units is in high school 

science classes. Math teachers tend to concentrate on teaching 

inch-pound units, so students do not become proficient in the use of 

both systems.

The Metric System can be looked upon as a foreign language. Students 

must be exposed early and often to a foreign language to become 

proficient. Thus, teachers in elementary school classrooms, fourth, 

fifth, and sixth grades especially, should concentrate on teaching 

students to understand and use SI units.

Then, when students do take science classes in high school, students 

will be able to concentrate on the science, and not on learning the 

Metric System.

I would hope that all elementary school teachers learn to use and teach 

SI units. Certainly, they should not be afraid to teach the metric 

system. If they are comfortable with the use of SI, this attitude will 

carry over to students, and the students will also be able to use the 

Metric System as they work their way through high school, college, and 

into adult life.

Mark Henschel



-----Original Message-----

From: 
Michelle Bergey

Sent:
Monday, July 03, 2006 1:36 PM

To:
National Math Panel

Subject: best practices for math instruction

Sirs and Madams:

I am an elementary teacher in a Title I school in

California. I have struggled for years trying to

research the best practices for teaching math. I am a

big fan of Liping Ma, and have tried many ways to

approach math differently than the way I was taught.

It takes years of work and practice on the part of the

teacher, However, there is one strategy that I have

employed that is research-based, easy to implement,

and immediately effective in raising student

achievement: Distributed Practice. 

One of the problems with math instruction that

interferes with student mastery is rooted firmly in

the very way the math textbooks are set up to begin

with. Textbook publishers have set up their books in a

very compartmentalized, linear fashion - with very

little opportunity for distributed practice at all. In

the textbook that I am currently using, which is very

similar to all of the other "approved" texts available

- the chapters (and lessons) all cover separate

distinct skills, test the skills after 5 or so short

lessons, and then move on to another skill.

Any student in the US knows how this works - you are

taught something in October, forget about it over the

winter break, cram for finals (or state tests), and

then promptly forget it. But research shows that

mastery of any skill takes 20+ separate practice

sessions (see Marzano et al). Imagine yourself, as an

intelligent, educated, motivated person - being

introduced to sin, cosin, and tangent in one day,

reviewing it the next day, being tested on it on

Friday, and then really never doing much with it until

the 'Unit Review'. This is the equivalent to what is

happening in many of our math classrooms each week.

There is never the opportunity for true mastery of

mathematical skills. Teachers can provide this

opportunity by dividing up homework assignments over

time, or by creating weekly homework problems that

reach back and review previously taught concepts. 

However, textbook publishers, at the very least, could

provide a 'Distributed Practice' workbook for students

that continually loops back to practice skills that

were taught yesterday, last week, last month, even

last year.

  All students can benefit from this strategy, not

just minority and socioeconomically disadvantaged

students. The wonderful thing about using distributed

practice sessions as a strategy to boost achievement

is that not only does it work extremely well - it

doesn't cost anything! It just means that you make

sure students get repeated opportunities to master

skills - not just introduce, test, and move on. There

is an outstanding example of a study done with Air

Force Academy calculus students where the only

difference in instruction was how the homework

problems were assigned. Control classes did homework

problems in mass. The treatment group did the

assignments in a distributed fashion. It is a very

interesting study and can be found at 

http://www.coedu.usf.edu/fjer/1997/1997_Revak.htm

I am sure that your panel is looking at many ways to

improve mathematics instruction across the nation.

There are certainly many things that can be done, but

if teachers in the US were told that starting tomorrow

they could try to implement a 'distributed practice'

strategy in their classroom - you would see an

immediate result - not something that would take ten

years to show any movement in student achievement. 

Good luck on your mission! It is a worthy one!

Michelle Bergey

teacher

Twentynine Palms Elementary

California



-----Original Message-----

From: 
Paul Trusten, R.Ph.

Sent:
Wednesday, June 28, 2006 11:36 AM

To:
National Math Panel

Subject: metric system should be sole measurement system taught in U.S.

To the members of the National Math Panel,
 

With U.S. students now demonstrating declines in their scientific abilities,  and our nation itself facing formidable intellectual competition from the rest of the world, it is time for our country to take a necessary step forward, and adopt the International System of Units (SI), the modern metric system, as our primary system of measurement. To do that, we must teach the SI as the sole system of measurement in our schools. 
 

To many Americans, such a call for change seems to reek of political correctness, or to represent yet another act of bureaucratic meddling in their lives . These are misconceptions. On the contrary, metrication  is a long-overdue, practical change for the nation.  Nor is it intended to be a short-term, patchwork action for change. It is a change for all Americans, and in all future times.  In granting powers to Congress, The U.S. Constitution ranks measurement as important as money;  the powers to set both are enumerated in the same article. 
 

For many years in U.S. popular culture, measurement has been perceived as a nationalistic, and even a poetic, activity.  And, it used to be convenient for Americans to teach a traditional system of measurement units when our country was isolated and primarily agrarian.  But, it is now time for U.S. educators to demonstrate  to their students that  measurement is a part of science.  The measurement language of science is the SI, which is the legally preferred system of measurement for trade and commerce in the U.S.  (Metric Conversion Act of 1975, Pub. L. 94-168, enacted December 23, 1975, as amended by the Omnibus Trade and Competitiveness Act of 1988 [Pub. L. 100-418, August 23, 1988]). 
 

We no longer have the agrarian luxury of using pounds and miles officially.  We can no longer hide behind the delaying effects of telegraph, telephone, and teletype. This is the global, digital age.  The age of the kilogram and the kilometer are upon us. 
 

Our old units of measurement will remain secure in song, story, and tradition.  But, In trade, commerce,  and academia, measurement can no longer be perceived a jingoistic tool or a vent for poetic license.  It is what you as a panel are using this week to assess U.S. mathematics education, what U.S. industry uses to understand its problems and processes, what American highway designers and architects use to solve crucial problems of structural integrity and safety, what our science workers use to conduct science, and what the U.S. consumer uses to easily reckon a fair deal.  In all of these activities, Americans need to have the same measurement advantage that the citizens of most other countries have had for centuries: a true standard of measurement based on decimal numeration. 
 

Not only will metric-only education equip U.S. students for global competition, it will also relieve them of the useless burden of learning an obsolete measurement system and  performing the exercises in fractions that accompany it. So, in that sense, a change to teaching the SI as the sole measurement system will represent a synergistic advance in U.S. mathematics instruction. It will free up the process as well as the knowledge. 
 

Take a look at the bottled water being served at your panel discussion this week. It is likely that the water is bottled in half-liters. The overwrap on many bottled water products sold in the U.S. now features the prominent statement (the part that "screams" at you)  that the bottles are in half-liter sizes, even though federal law requires U.S. customary volume also to be stated on the labeling.  U.S. students are participants in this increasingly metric society, and they must be able to master it comfortably.  In your deliberations this week, please work to establish the teaching of the SI as the sole system of measurement in U.S. schools. We need to get ready now!
 

"SI"ncerely,
 

 

Paul Trusten, R.Ph.
Public Relations Director
U.S. Metric Association, Inc.


-----Original Message-----

From: 
Marsha H. Cantrell

Sent:
Monday, June 19, 2006 1:14 PM

To:
National Math Panel

Subject: comments for June 29th

I will not be able to attend the National Math Panel meeting on June 

29th but would like to submit my comments.

I have e-mailed several panel members about my concerns but also, I 

stay in touch frequently with many other key math professors 

interested in change.

1.  To those members of the panel which represent the colleges of 

education and psychology: Math should be taught by those individuals 

with a degree in math or science.

 Degrees in elementary education and secondary education are very 

poor substitutes, and furthermore, in most cases, they are terribly 

inadequate.

2. Middle School education degrees should be banned or dissolved 

immediately.  

3.  Teachers of math and/or science must take core courses within the 

math or science departments.  Courses "designed" for math teachers 

are in inadequate.

4.  Math and science departments within the state universities must 

take the lead on teaching math teachers.  A guideline for teaching a 

certain grade level should be as follows:  An elementary math teacher 

should be able to teach Algebra I.  An Algebra I should be competent 

in Geometry and Alg. II.  A high school teacher should understand 

college algebra, discreet mathematics, stats.  and use calculus, and 

have had a course in logic.  I would even suggest that elementary and 

middle school teachers have upper level calculus and geometry 

courses.

5.  In elementary schools, develop math specialists.  A math teacher 

should teach math in grades 3-6.  

6.  Calculators must not be used in grades 1-9.

7.  Textbooks should have content, not pretty pictures.  Challenging 

problems (which have been removed) should be part of the daily 

routine.

8.  Teach the math algorithms and refer to them daily.  Speak in math 

terms: "dividing is also multiplying by the reciprocal," not "flipping the 

fraction.  What is an inverse? What is a reciprocal?, etc.

9. Lastly, get the NCTM on board.  They are hopelessly stuck in the 

70's.  Phrases such as "math can be fun," and "discovering math," 

and cute educational catch phrases will not replace good teaching nor 

solve this most urgent problem.

10.  Public school students coming into our program are generally 2 

years behind.  Algebra I students can not solve or factor, and 

precalculus students spend time coloring conics shapes instead of 

"completing the square" and sketching the foci, vertices, and center.

A foundational course (trigonometry), for the most part, is ignored, 

leaving polar forms and rotational conics almost impossible to teach.

Sincerely,

Marsha H. Cantrell

Math Department Chair

Westminster Schools of Augusta, GA


-----Original Message-----

From: 
Dave Marain

Sent:
Thursday, June 15, 2006 5:51 PM

To:
National Math Panel

Subject: Re: Questions to the Panel

Dear Ida,

Thanks for the quick reply.

I’m a bit confused. Setting up a message board or forum generally involves minimum expense and time. It would enable panel members, and anyone who is invited to join, the opportunity to view ALL messages posted and reply to all. It’s more global than email. My recommendation for a live chat is based on its effective use by Education Week on a regular basis. Usually 2-3 experts are available for a period of time to reply to emails sent in real time by people all over the country. The panelists reply to selected emails. Fascinating stuff...

Again, I do not expect to receive any special consideration here. I only expect that my requests be given equal consideration to others. Perhaps I have a bit more passion and resolve than some and, I guess you can tell that I don’t easily give up! Of course, you could stop my emails instantly by recommending to Secretary Spellings that she appoint a new panel member (only half-kidding).

Sincerely,
Dave Marain


-----Original Message-----

From: 
Forrest Hobbs

Sent:
Thursday, June 15, 2006 3:58 PM

To:
National Math Panel

Subject: Math curriculum review

I would like to send information about the Math-U-See curriculum for 

the panels review.  Our website is www.mathusee.com.  We have been 

involved in the home school/private tutorial world and have grown into 

the recommended curriculum for most all learning challenged students.  

We are designed very differently than a standard school book with 

multiple strands of mathematics concurrently.  We use manipulative 

based methods up through Algebra 1 as well.  I am hoping to introduce 

the panel to what we have to offer children from Kindergarten through 

pre-Calculus/Trigonometry.  Thanks for your attention.

Sincerely, Forrest Hobbs; Regional Representative of Math-U-See, Inc.



-----Original Message-----

From: 
Dave Marain

Sent:
Wednesday, June 14, 2006 9:43

To:
National Math Panel

Subject: Questions to the Panel

Dear Tyrrell,

The following is a brief statement and below it a question I am posing to the National Mathematics Panel for the public sessions in Chapel Hill, NC, on June 28th and 29th. I sincerely hope this will be conveyed to every member of the panel and replied to.

After teaching AP  and University calculus for the past 33 years, I have worked with and met hundreds of AP teachers. Rarely have I ever heard from anyone that the AP syllabus was restrictive. Never do I hear that it’s unfair that all students need to be exposed to a common body of clearly delineated concepts, procedures, algorithms and problem-solving experiences outlined in the Acorn book we all receive from the College Board. I’m not told in what sequence I should teach the topics. The syllabus does not prescribe a particular pedagogical or assessment style. In fact, there is considerable freedom in these areas and many effective models are presented as examples. But by the time I finish the course I know that the calculus my students have been exposed to is comparable to the calculus taught in every AP classroom in every district in every state. There are many variables of course that determine how well they have learned but not WHAT they have learned if I covered at least what was recommended. This is true equity that empowers all of our students regardless of their socioeconomic background.

In this educator’s opinion, it is essential that we require all students to develop reasonable proficiency with the major ideas of algebra, geometry, etc. For too long it has been argued that there is no general agreement of what these ideas are among mathematicians and math education specialists. This view is clearly not shared by nations that outperform us in mathematics. Showing recent progress on NAEP is of little comfort to me. Showing significant progress in the next international study like TIMSS would tell a far different story however. Professor Schmidt called for a more coherent curriculum. He and I have communicated recently and we both strongly share the view that this nation needs to develop a more standardized mathematics curriculum that transcends state borders and avoids unnecessary efforts and duplication.

Therefore, I would like to hear the responses of at least 5 panel members to the following question: 

What consideration would you personally give to developing syllabi for courses below calculus that are patterned after the Advanced Placement Calculus model? That is, developing a suggested syllabus of topics, themes, concepts, algorithms for precalculus through prealgebra and beyond?

Dear Panel Members, a radical approach to changing math education was adopted rapidly nearly 50 years when Sputnik was launched. Who on this panel is willing to boldly suggest the radical changes needed to restore our preeminence in mathematics in this century? Actually, I don’t really care about being the best. I’d settle for competitiveness!

Sincerely,
Dave Marain
Supervisor of Mathematics & Business


-----Original Message-----

From: 
Doug Johnson

Sent:
Monday, June 12, 2006 5:14 PM

To:
National Math Panel

Subject: math ed

National Mathematics Panel Members:
 

I am pleased to see the government form the National Math Panel to support and improve the delivery of math instruction in our nation.  I have taught math, science, and English for twenty-six years in the state of Washington.  My assignments have included levels from second grade to college.  Most of my work has been at the high school level.  I have been the chairman of the math department at Ellensburg High School with an assignment of algebra through AP Calculus for eight years now.

 

I was a little disappointed to see the K-12 teachers underrepresented on the panel.  There are thousands of us out here getting it done day by day, many with outstanding programs, working hard, challenging kids, and changing their lives and futures.  Hopefully, a balance more toward the teachers “in the trenches” will be promoted.

 

My main concern, however, has more to do with curriculum than with panel personnel.  For approximately two decades, the National Council of Teachers of Mathematics has “led the charge” on the math reform effort.  Their efforts have led to some positive change in the math education world, specifically emphasis on problem solving and concept development.  These gains, however, have come in my opinion at a debilitating cost to students.  Excessive attention to these skills has resulted in math programs (often labeled as “integrated”) that present material in a seemingly random order that does not make sequential sense to the students.  Students are not immersed in any particular topic sufficiently, and mastery is not achieved.  But that’s not the main shortcoming of most of these programs.  This major shortcoming is the lack of drill and practice.  Most students need to work repeatedly on problems on one concept before they “get it.”  Without mastery on each topic, math becomes a confusing hodge-podge of material, and the kids drop out of mathematics, psychologically or literally.  In Ellensburg, we get students from other schools with integrated programs.  They need considerable remediation, lots of drill and practice, and extra attention to get up to speed. When I teach at the local university, it is common to get students from integrated programs with major skills shortcomings.  It is now a conversation among some college math and science departments about the lack of basic high school math skills in freshmen. 

 

 

Here in Washington, we are subject to the Washington Assessment of Student Learning, or “WASL” test.  It is given in the sophomore year, and passage is a graduation requirement.  The math test is based mostly on NCTM type standards, and has little emphasis on algebraic skills.  Here in Ellensburg, we view this as a mistake.  We refuse to adopt integrated texts. Instead, we use a more traditional text and supplement it with WASL-type work twice a week throughout the year.  A few weeks before the test, we place special emphasis on WASL work, to the exclusion of all else.  The system is working, and this spring we scored approximately twenty percent above the state average on the test.  We think this supports our contention that traditional programs, taught well, lead to success.  And we don’t have to compromise the futures of those Ellensburg kids who want to go to study math, science, engineering and other math-related fields. These students need basic algebraic and other math skills. We believe integrated math programs often cripple potential mathematicians and scientists.  In our experience, well-structured traditional programs, supplemented by “reform math” practice, lead to success on both.

 

Thank you,

Doug Johnson


-----Original Message-----

From: 
Kirk Avent

Sent:
Sunday, June 11, 2006 6:54 PM

To:
National Math Panel

Subject: High school math

Dear Committee:
 

My son recently graduated from Phillips Exeter Academy. His math courses were extraordinary. No textbooks, just problems. Principles of mathematics emerged as students worked problems, rather than the usual teacher-based approach where the principles are presented by the teacher then reinforced by problems worked by the student.

 

“Oh, sure”, you say. “Fine for an elite school like Exeter but impossible in an inner city school”.  Wrong! The math department has a program for urban schools called the Exeter Mathematics Institute. Please check it out at: http://math.exeter.edu/dept/development/EMI.html.

 

 

I suggest you contact the math department chairman at Phillips Exeter Academy: Joyce Kemp, jkemp@exeter.edu.

 

Kirk Avent



-----Original Message-----

From: 
Diane Hirakawa

Sent:
Friday, June 09, 2006 7:22 PM

To:
National Math Panel

Subject: Suggestions for Elem. Math

Good Morning,
My passion is math in the elementary schools.

 

I recently retired with 23 years of teaching experience in southern California.  Presently, I work with children and their parents in my home on a smaller scale.  For these weekly tutoring session, I use many of the same ideas which provided highly successful math students in my grades 1-6 classrooms.

 

In  June, 2006, issue of "The Achiever" magazine I read that you have established a national advisory panel on math.  I am hoping that you will consider my highly successful, 23 years of experience and the insight I am about to share with you.

 

Please feel free to contact me if you would like more in-depth descriptions of my brief summaries listed in this email.

 

1)  TIME:  Teaches must allocate additional minutes  for math instruction and exploration in the elementary school classrooms, throughout all grade levels.

 

2)  SMALL GROUPS:  Teachers must review and check math concepts in small groups rotated after their whole-group instruction.  The children not with the teacher can be exploring already taught concepts with manipulative tools either at their seats or with a volunteer, until it is time for their math group with the teacher.

 

3) MANIPULATIVE TOOLS:  Classrooms must have the tools for the children to manipulative to make sense of the algorithms.  Paper and pencil algorithms should not be taught at the beginning of the new learning, but after the manipulative tools has been used.  Many of the expensive tools can be made with 60 lb. weight paper.

 

4)  ERROR CORRECTIONS:  Every single missed test question must be corrected one on one with the teacher or with a trained, competent volunteer.  This is essential for each individual student.

 

5)  CONNECTIONS:  The teacher and the parents must make connections to the children's lives outside of the classroom using the math standards.  Each student must see how the math can be used in his/her life.  (Example: For the concept of "square area", a standard in all grade levels, some students might consider the size of a soccer field, others the size of a tennis court, swimming pool, or playground hopscotch square.)  It must make sense to them.

 

If each teacher in America would follow these 5 guidelines, as I have for 23 years, we would be doing a great favor to the children learning math in our school systems.  They would leave the elementary schools prepared for junior high algebra and higher level math in the high schools.  

 

By the way, my younger son is a high school math teacher and my older son is a research scientist.  Specific teachers and myself helped them through the maze of math.

 

Thank you for your time



-----Original Message-----

From: 
Matt McCauley

Sent:
Tuesday, June 06, 2006 1:59 PM

To:
National Math Panel

Subject: Constructivist vs. Traditional

We have reviewed the Project 2061 study as well as other literature.  As a middle school math materials review team we are preparing to recommend Connected Math Project 2 as our core middle school math text.  We have a group of parents who are unhappy about this.  These parents seem to be parents of higher achieving students.  Can you suggest any research data that we can use to show the effects of CMP2 with high achieving students?  Do you know of any data that shows a comparison of student data between traditional math and a constructivist approach?
 

Matt McCauley
Executive Director of K-12 Teaching and Learning
Olympia School District



-----Original Message-----

From: 
Pamela Good

Sent:
Tuesday, June 06, 2006 10:30 AM

To:
National Math Panel

Subject: Math Skills commentary

Hello,
 

My name is Pamela Good.  I am a pharmacist, and I am very interested in the work of the National Math Panel.  My 17-year-old daughter will be a high school senior this fall, and she will be taking AP Calculus.  So far, she has been an A student in math, except for a B in one semester of Geometry.  Our journey to get her there has not been easy.  She is an honor student at a Wichita, Kansas public high school with an enrollment of about 1800 students.
 

One thing I would like to encourage the panel to do is to contact the Sylvan Learning Center.  They have broken down every math skill into it's tiniest part.  When they initially assess a student's math skills, they know which tiny skills are in place, and which ones are missing and need to be taught.  They get results by teaching these very small skills, repeating them, making sure there is retention of these skills, and then building on them.  Without our tutoring experience there in earlier years, I'm sure my daughter would not be where she is today in her math education.  They have alot of experience in tutoring for deficient math skills, and I feel that they have alot of valuable insight on why students are not learning math in school.
 

Another thing that I feel is really important is to look at how much support outside the classroom it takes to get students to learn math.  My daughter has gone in before school and stayed after school frequently to get additional help from her teachers.  She has also had a highly-educated math parent at home who was willing to help her when she had trouble learning new concepts, which was quite often.  One hour a day in a math class is not sufficient to teach new skills to most students.  It takes alot of demonstration and repetition to get the skill mastered.  At Sylvan, they teach based on "mastery" of a concept, and then they repeat the skill and retest the skill at intervals until there is "retention", which is key.  It's too bad we can't translate that into our school classrooms.
 

One other problem that we have had is that the math teachers of higher level classes tend to teach at a higher level, assuming that only the brightest of the bright will be in those classes anyway.  My daughter is bright, but she needs alot of repetition to master new skills.  Teachers need to teach math, especially in high school, at an appropriate level so that these students can learn.  They also need to slow down when they are teaching.  You can't teach at breakneck speed and assume that they will "get it the first time."  They need to allow time for the new information to soak in.
 

I hope these comments are helpful.
Thanks very much for listening,
Sincerely,
Pamela Good


-----Original Message-----

From: 
Bob Harbort

Sent:
Monday, May 29, 2006 11:50 AM

To:
National Math Panel

Subject: Comment from a college teacher

There is an aspect of American math education that I feel is not being addressed adequately, and I am writing to bring it to your attention. I base the following remarks on twenty-three years of college teaching, several years of analyzing my institution's student retention data and associated student records, interviews with hundreds of students, and a number of discussions with middle and high school teachers in Georgia. 

While we are certainly not doing all we could do to prepare students mathematically in middle school and high school, the push to get started earlier and earlier has an unintended consequence that threatens whatever small successes might be there: In Georgia public school systems, students who are capable in math but are not among the very brightest almost always finish their high school education with a year (and sometimes two) of no math classes.

At my institution, we give all entering students who do not transfer in Calculus I a mathematics assessment test that is normed to our student population and its performance. What we are seeing is that students who may have been proficient at college algebra in tenth grade retain some of the conceptual framework as college freshmen, but they have lost much of the mechanical proficiency in math that comes with repeated practice. They lost it because they haven't had a math class in the previous year or two, and so have gotten out of practice as surely as a tennis player would after a year or two of not practicing. 

This lack of mechanical proficiency in mathematical subjects is frustrating for affected college students, and it hurts their academic performance in college. They are resentful of having to "retake" material they've already studied, they come to hate math, and they generally shy away from majoring in disciplines that have a foundation in mathematics, even if they came to college to major in a STEM discipline in the first place.
 
Consideration of the need for a "training discipline" in mathematics foundations is sadly lacking in overall middle and high school curriculum planning. People may be doing the right things in terms of individual classes, but setting curricula up so that students are not continually challenged to stay proficient in their math skills is very shortsighted. 

Bob Harbort, Ph.D.



-----Original Message-----

From: 
Pat Naughtin

Sent:
Friday, May 26, 2006 4:33 AM

To:
National Math Panel

Subject: Pat Naughtin submission to National math panel

National Math Panel
Department of Education
USA
NationalMathPanel@ed.gov 

Ladies and Gentlemen,

I am writing in response to Executive Order 13398 and your inquiry into shortfalls in mathematics education in the USA. Specifically, I am responding to Section 1 of the Executive Order 13398: National Mathematics Advisory Panel that reads:

To help keep America competitive, support American talent and creativity, encourage innovation throughout the American economy, and help State, local, territorial, and tribal governments give the Nation's children and youth the education they need to succeed, it shall be the policy of the United States to foster greater knowledge of and improved performance in mathematics among American students.

I am aware that not being a citizen of the USA — I live in Geelong, Australia — could be seen as an impediment but I consider that I am a suitable respondent under:

(iii) experts on matters relating to the policy set forth in section 1

 (v) such other individuals as the Panel deems appropriate or as the Secretary may direct

or simply as a faraway foreign friend of the USA.

I am aware that the USA faces significant issues in the area of mathematics:
· Almost half of American 17-year-olds do not have the basic understanding of math needed to qualify for a production associate's job at a modern auto plant. 
· On the most recent PISA test, American 15-year-olds performed below the international average in mathematics literacy and problem-solving. 
· Only seven percent of fourth-and eighth-graders achieved the advanced level on the 2003 TIMSS test. 
· Students from low-income families who acquire strong math skills by the eighth-grade are 10 times more likely to finish college than peers of the same socio-economic background who do not. 
· USA students are currently performing below their international peers on math and science assessments.

And I agree with Secretary Spellings when she says that there is a 'need for today's high school graduates to have solid math skills — whether they are proceeding to college or going straight into the workforce'.

I am writing because I believe that almost all of these issues and problems will evaporate once you have adequate metrication policies and practices in place. I am writing to encourage you to support the use of direct metrication in USA schools.

I recommend that your committee considers how best to encourage the use of the metric system in schools, to discourage the use of old pre-metric measures and, critically, to avoid conversions between measuring methods altogether.

Let me refer back to the beginning of the 20th century when Alexander Graham Bell (1847/1922) said:

All the difficulties in the metric system are in translating from one system to the other, but the moment you use the metric system alone there is no difficulty.

That in a nutshell is a major problem of the current mathematical education system. You have just spent 100 years trying to translate. 'from one system to the other' with little success. I suggest that you abandon this approach.

Speaking of Alexander Graham Bell, I would like to recall an address that Dr. Bell gave to a House committee in support of a bill to switch to the metric system. This was exactly 100 years ago, in 1906. Fortunately, his speech, 'Our Heterogeneous System of Weights and Measures' was recorded in the March, 1906 issue of The National Geographic Magazine, and can be found at: http://lamar.colostate.edu/~hillger/laws/bell-1906-03.html 

There is also further, more recent, evidence that this approach does not work.

Richard P Phelps in his paper, 'The Case for U.S. Metric Conversion Now' in Education Week (1992 December 9) estimated that each child in the USA currently spends around a year of their life at school learning how to convert from old measures to other old measures, or how to convert from metric units back to old pre-metric measures.

In this article, Richard P. Phelps states:

It (USA education system) teaches two systems of measurement in the schools and, the confusion from learning two systems aside, there is a cost to the time spent in teaching two systems. A full year of mathematics instruction is lost to the duplication of effort.
You can view Phelp's article at: http://www.edweek.org/ew/articles/1992/12/09/14phelps.h12.html .

When students from the USA are compared with students from other nations it is no wonder that they compare unfavourably given this (conversion) handicap.

Lorelle Young, President of the United States Metric Association (founded in 1916) estimates that about 60 % of industry in the USA is now metric. As children who are currently in school leave for the world of work, they will mostly work in industries that are already predominately metric. As their schools have not prepared them to be in the workforce they will have to learn the mathematics they need 'on the job'.

Personally, I disagree with Lorelle Young; I think that her estimate is too low. I travelled extensively in the USA from March to May last year and I found factory after factory internally using metric units for all their work and then, as I put it in an article in the USMA newsletter Metric Today, 'Dumbed it down at the door' of their factory so that others would not know that they preferred metric units internally. From an educator's point of view you need to investigate how much of this 'hidden metric' will be relevant to your students. Surely one of your goals is to prepare student for work in industry in the USA.

Somewhat facetiously, I wrote about my experiences in the USA in an article entitled, 'Don't use metric!' that you can download as a pdf file from http://www.metricationmatters.com/articles. You might find this amusing but I wrote it with serious intent – to highlight the fact that the USA is now all metric.

There is now no activity in the USA that is not wholly based on the metric system.

Sure many deny this, but while:
·    all medicine is totally metric,
·    all food values are totally metric,
·    every car, truck, and tractor is totally metric, and
·    every yard that a football team achieves is defined legally as exactly 914.4 millimetres
they don't have much room to manoeuvre.

In his 1906 address to the House committee, Alexander Graham Bell said,

Few people have any adequate conception of the amount of unnecessary labor involved in the use of our present weights and measures.

I believe that the cost of this 'unnecessary labor' is still with us. But I have seen few serious attempts to put a figure on this cost. My own researches have only found three attempts to answer this question. They are from Jos. V. Collins in 1915, Richard P. Phelps in 1992 (cited above), and some thoughts of my own in 2006.

In 1915, Collins in 'A metrical tragedy' estimated the cost of non-metrication at that time as 'a total annual loss of $315 000 000'. You can find a full transcript of Jos. V Collins' article at: http://www.worldwideschool.org/library/books/socl/education/AMetricalTragedy/Chap1.html 

Richard P Phelps estimated that, 'there is a cost to the time spent in teaching two systems. A full year of mathematics instruction is lost to the duplication of effort'. My estimate of the cost of this wasted effort in the schools of the USA is about 85 billion dollars per year based on the idea that 10 % of the education budgets of the USA is wasted effort. 

My own estimates of non-metrication costs in the USA are based on a Confederation of British Industry (CBI) survey of its members about metrication in 1980 — after 15 years of British metrication. They found that:

... the extra cost of continuing to work in dual systems of measuring was around £5 000 million every year (in the UK).

For companies on which the survey was based, the increased production cost for each company who used dual measures averaged at 9% of the company’s gross profit, and 14% of its net profit when compared to a fully metric CBI company.

If this percentage (9 %) is applied to the USA economy as a whole and we make a bold, but not wild, assumption that it costs about 9 % of gross turnover to use dual measurements (metric and U.S. Customary) then based on a 2005 estimated Gross Domestic Product for the USA of $12.735 trillion dollars it costs the USA about 1.15 trillion dollars per year to use dual measures instead of metric units.

My estimate sounded so outrageous that I was moved to compare it with Jos. V Collins' and Richard P Phelp's estimates of costs to the USA economy. In 1915, Collins wrote 'Total annual loss of $315 000 000' could be attributed per year to non-metrication in the USA. If you allow for inflation between 1915 and 2005, Collin's figure for annual losses becomes $6 100 000 000 per year. If Richard P Phelp's estimate of 10 % wasted costs in education were applied to the whole economy, the loss would be about $1.27 trillion per year. To paraphrase the USA Senator Everett McKinley Dirksen (1896/1969):
a trillion this year, and a trillion next year, pretty soon adds up to real money. 

I wish the National Mathematics Advisory Panel every success with their deliberations, and I sincerely hope that you will achieve the goals as laid out in your charter. However, I don't think that you can achieve them unless you boldly confront the issues related to the international metric system. Please don't sweep it under the carpet yet again — I even doubt that your great nation can afford to do so.

Yours faithfully,

Pat Naughtin
2006-05-26



-----Original Message-----

From: 
John S. Raeth

Sent:
Thursday, May 25, 2006 4:31 AM

To:
National Math Panel

Subject: Algebra Reform

Mr. Faulkner,
 

    This note is in response to the article in AAAS's U.S. Math Education, "Well-Balanced Panel to Tackle Algebra Reform" in the 19 May 2006 edition of Science on page 982.

 

    It is refreshing to hear that an intelligent debate is ongoing in reference to math education.

 

    As a high school math educator, it is significant that I agree with the points of view of what might be referred to as both sides of the discussion.  It is significant because both points of view, algebra reform and 'more rigorous instruction on basic skills', are very important.

 

    It is an unfortunate fact that students entering high school do not have the arithmetic skills they need to perform satisfactorily in my algebra classes.  In fact, I have monitored this closely as have many of my colleagues.  This is one area that I have counseled my students on during the course of the year.  It is fairly easy to note after observing verbal responses and written results that the students are picking up the algebra concepts but are struggling with advancement because they cannot perform at the basic level in arithmetic.

 

    This is one result of the lack of rigor in elementary and middle school arithmetic education techniques.  By the time these students arrive in the high school setting, they have 'learned' two bad habits:  they have not learned to do the basic arithmetic and they have not learned the disciplines they need with higher concepts.  This is true whether or not they will be moving on to science, engineering, or other subject area where mathematics will play an integral role.

 

    Algebra reform is also very important.  It is critical that algebra be taught in a way that will be more relative to modern lives and circumstances.  In other words, more realistic.  As I am sure you are aware, one of the first and loudest questions heard is:  'How or why are we ever going to use this.'  Therefore, it is a challenge to encourage and motivate learners, especially from the beginning of the curriculum.  That needs to start early.  

 

    We cannot wait until High School.

 

    So, instead of being adversaries, rigorous arithmetic and rigorous algebra education need to be partners instead of critics.

 

    Another area of concern is the distinct lack of practical and applicable professional and commercial secondary level math education materials.  For example, I just attended a conference that was supposed to be designed for secondary level mathematics educators.  It was led by a well-known and experienced math educator, a doctor with many years of experience in education -- elementary education.  One of his first comments was that his experience was in elementary and special education and that we would need to adapt what we experience to our secondary education classes.  This is typical of what we face in High School.

 

    Finally, I encourage your panel to foster this forum in a public manner -- encourage input and suggestions from all that experience out there.  It will be successful and meaningful.

 

    Thank you for your significant and much needed contributions.

 

John S. Raeth

Harlem High School, Georgia



-----Original Message-----

From: 
Laura R. Jones

Sent:
Tuesday, May 23, 2006 8:11 AM

To:
National Math Panel

Subject: math club for girls

I wanted to let you know about a local resource that has been working to encourage girls in math and science for 12 years—the GEMS club. Here is the web site, and I would be happy to share my experiences and research with the panel.
www.gemsclub.org.

 

 

Laura Reasoner Jones
Project Manager, K12nects II 
Cluster III School-Based Technology Specialist
Fairfax County Public Schools


-----Original Message-----

From: 
Marta Gray

Sent:
Sunday, May 21, 2006 7:49 AM

To:
National Math Panel

Subject: RE: Curriculum Directors

Since you are listening...............

The Fordham Foundation report, "State of the State Math Standards 2005", was written by mathematicians that evaluated the state standards of 49 states.  Most states standards were graded a C, D, or F.  Many states rely on teachers and math educators to write these standards.  If every state was required to subject their standards to a panel of mathematicians for review, with the stipulation that standards must receive a grade of B or better,  we could improve the standards greatly.  This would filter down to classrooms, as curriculums and teacher training would be consistent with high standards.  Having a low target to begin with guarantees poor student performance.  

Another issue that has a tremendous impact on the classroom is the constant and steady stream of interruptions ranging from announcements, to phone calls, to impromptu assemblies.  Some of these interruptions cannot be helped such as fire drills, evacuation drills, and the like, but the cumulative effect is staggering.  I am not exaggerating when I tell you that it is not uncommon to have 6 interruptions in an hour and I have heard this from many other teachers as well.  This has a negative effect on student concentration and takes the teacher away from students that require his/her attention.  I have read that top achieving nations have gone as far as requiring "quiet zones" in the surrounding areas of schools.  Learning takes immense concentration.  I don't know if the panel can address this issue but it's toll on productivity is huge.

This may sound extremely negative but it is the "truth from the trenches".  Adolesence is an emotioal time and many students go through a period of rebellion against authority and the establishment.  Kids are quite sophisticated these days and understand that middle school grades do not "count" toward high school graduation.  Parents with skills adequately counter this issue and keep their children on track through this tumultuous time.  Unfortunately, many parents are ineffective in dealing with this situation.  Their children make little or no effort during these years.  It is tragic when these kids grow up enough to decide that they want to do well in school but are so far behind at that point, the odds are almost insurmountable that they will overcome lost skills in their quest for a high school dimploma.  This is a problem many teachers face with students in "at-risk" schools.  We try to motivate kids but this job would be much easier if grades counted toward graduation starting in 6th grade instead of 9th.  It is amazing that many of the kids most resistant to trying in school during adolesence, tend to be "stars" if we are able to get them back on track before too much ground is lost.  

Thank you for your consideration of these ideas.  I realize that solving these issues may be beyond the reach of this panel but I thought you should be aware of issues that many teachers see on a daily basis.  

Respectfully,

Marta Gray



-----Original Message-----

From: 
Marta Gray

Sent:
Thursday, May 18, 2006 5:01 PM

To:
National Math Panel

Subject: Curriculum Directors

Dear Esteemed Panel Members,

As you consider the best interests of students in the U.S., please remember that many speak English as their second language.  These students can succeed in math as long as their parents are able to support them at home.  It has been my experience that textbooks with lots of examples/visuals help parents to remember the concept being taught, which enables them to assist  their son/daughter in their native language.   Many of the math programs on the market are so wordy that  the math gets lost and students that might otherwise perform well, suffer.  

Thank you for your time.  

Marta Gray

McLoughlin Middle School

Vancouver, Washington



-----Original Message-----

From: 
Joan Cotter

Sent:
Wednesday, May 17, 2006 8:40 PM

To:
National Math Panel

Subject: First grade mathematics research

National Math Panel: 
I have done research with children in the first grade employing some techniques?used in Asia. The results were outstanding; the attached article published by the NCTM (National Council of Teachers of Mathematics) details the results. It shows a great disparity between the way children are traditionally taught in the U.S. and what they could be doing.

Some examples follow: 

1. The children could determine quantities up to 100 visually without counting, by grouping in 5s as well as 10s.

2. Children can learn addition and subtraction visually without counting. Five-month-old babies can add and subtract up to three. Japanese children are discouraged from counting when they start school. This approach is also much easier for children with learning problems. (In the U.S. we traditionally spend a year teaching children how to count and spend two years telling them not to.)
3. It has been known for decades that flash cards and timed tests are a poor way to teach the facts. The children in the experimental group used visual strategies combined with games for practice. The AL abacus enabled them to see and practice the strategies.

4. Place value is the single most important topic in arithmetic. Average American students don't understand it until the end of fourth grade. The experimental children used the ?math way? of number naming; they understood place value in first grade as do Asian students.

5. The children learned to add four-digit numbers with carrying on the AL abacus. A few days later they had figured out how to do the standard paper and pencil algorithm.

6. The children could mentally add two-digit numbers (with carrying).

7. By using part/part/whole circle sets, the children easily solved problems, including those with missing addends.

My background includes a degree in electrical engineering, a Montessori teacher for children ages 3-6, tutor for children with learning problems, mathematics teacher for grades 6-8, a?doctorate in mathematics education and early childhood, and the author of the K-Gr 4 RightStart Mathematics program. Currently I am writing middle school mathematics curricula.?
I am very interested in improving mathematics in the U.S. What we do in the early years has a profound influence in later years. Please read the attachment.

Joan Cotter, Ph.D.
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-----Original Message-----

From: 
Susan C. Socha

Sent:
Sunday, May 14, 2006 4:16 PM

To:
National Math Panel

Subject: Special education teachers and mathematics

Hello

I am a teacher in Fairfax County Public schools, and I don't see anything about special education being addressed on the list.  

n every high school, the special education department is always the largest.  The special education teachers, more often than not, have never been regular classroom teachers.  They've never been responsible for teaching 120+ students a day.  They are usually people who have a bachelor's degree in any subject, and then go get a masters in special ed.  

The real problem comes in the mathematics classroom.  We are assigned special education teachers to team with.  These special education teachers have no content knowledge, and often don't even want to be in math.  The new program that gets special education teachers to be "highly qualified" requires them to do 40 hours of some sort of math class.  Believe me, they need more than 40 hours. Why not let the math teachers attend 40 hours of class to become highly qualified in special education?  We have the weakest teachers (special education) working with the weakest students.  Please, take this into consideration. 

Special education teachers should be like a doctor who decides to become a surgeon.  A teacher should spend at least 5 years in a regular classroom, then go and get qualified for special ed.  At that point, they would be a specialist and paid more, and they WOULD be highly qualified.

Thanks for your time

Susan Socha
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ABSTRACT

The original problem for this exploratory research study was to ascertain if a short, intensive six-week project in basic math and introductory algebra would produce a recognizable improvement in the math performance of entering UDC freshmen students as measured by the UDC math placement test.


The students were admitted on a first-come, first-served basis with no prior screening and carried a stipend of $500 to be paid in two installments.  Students also received $100 as a bonus for perfect attendance, barring any medical emergency and/or any prior medical appointments.


On the pre-test for basic math (005), the mean score for the group (N=10) was 35.6, with the passing score being 70.  On the post-test, the mean increased to 63.4 showing an improvement of 78 percent.  The results for 015, Introductory Algebra, the pre-test mean for the group (N=11) was 34.45 with a passing score of 86 on the university’s placement test.  On the post-test, the mean increased to 49.1, and the median improved to 44.0 suggesting that the workshop profited some students more than others.  While the difference between the means was not as great for the Introductory Algebra course as for the Basic Math course, the overall percent improvement was almost 43 percent.


Based on the UDC placement test, three students were able to skip the two remedial courses; three others were able to test out of the basic course, and the remaining six showed marked improvement in their readiness for the basic math course.  Our own analysis and observations showed that two additional students could have been placed in math 015 (skip one course), but the team decided against it because the students themselves said they needed extra practice.  One student, who had passed both the remedial courses placement tests, had many gaps in her math preparation and was grateful for the “refresher course”.  


Instruction and extensive practice in math alone is insufficient.  Ongoing attention must be given to study habits, individual responsibility, attitudes toward authority, organization, and classroom behavior.  


We are convinced more than ever before that the students from the District Public High Schools can skip the below-college remedial math courses but more time is needed.  We theorize that a period of eight-weeks will be sufficient.


D R A F T  R E P O R T

STREAMLINED MATH TO ELIMINATE THE NEED FOR


REMEDIATION AT THE COLLEGE LEVEL


By


Dr. Daryao S. Khatri, Professor of Physics


Dr. Anne O. Hughes, Professor of Education/Sociology, ret.


Professor Brenda Brown, Professor of Mathematics

The University of the District of Columbia


Washington, DC 20008

STATEMENT OF THE PROBLEM


The original problem for this exploratory research study was to ascertain if a short, intensive six-week project in basic math and introductory algebra would produce a recognizable improvement in the math performance of entering UDC freshmen students as measured by the UDC math placement test.


SELECTION OF STUDENTS


Eighty applications were sent to the students who had already been admitted as freshmen for the Fall Semester 2006; five of them could not be delivered because the addresses were incorrect.  Most of these students either already had jobs or hadn’t yet found a job for the Simmer, 2006.  Applications were sent out on June 16, 2006 with a deadline to apply of June 28, 2006.   The reason for such a short time-frame for students to apply was due to the short notice of funding provided for the project.  The students were admitted on a first-come, first-served basis with no prior screening and carried a stipend of $500 to be paid in two installments.  Students also received $100 as a bonus for perfect attendance, barring any medical emergency and/or any prior medical appointments.


DESCRIPTION OF STUDENTS 


The group selected consisted of 18 African American students, but only 12 showed up on the first day of the project.  Three of the remaining six tried to enter the program the second week, but could not be admitted because they had missed too much of the program.  The six-week project, therefore, consisted of 12 African American students  who had applied and been admitted to the Fall 2006 Freshman class at the University of the District of Columbia (UDC).  Apart from their ethnic origin, they were a very diverse group ranging in age from 18 to 50+.  The 18 to 20 years old students (half the class) had graduated from the District of Columbia Public High Schools (DCPS) during Spring Semester 2006.  All of the others had either graduated in prior years from DCPS or completed their GED’s recently.  There were four males and eight females.  One of the females was in a wheel chair and on special medication.  Three of the females had very young children (ages from 2 to 18 months), and a fourth one was a grandmother.  The males did not divulge any information about children.  All of them had some kind of job during the program.  Three of them worked the graveyard shift (11:00 PM – 7:00 AM), and therefore often had a very difficult time just staying awake during the class.


Their preparation in basic math and algebra was generally poor with one exception.  Study habits, attitudes towards authority, and classroom behaviors at the beginning, with the exception of two of the older students (the veteran, the grandmother) and a younger woman in her thirties were singularly inappropriate for the college classroom and learning.  The dress of the younger female students was basically that of going out to a disco on a Saturday evening: tight skirts or slacks, low-cut blouses, lots of splashy jewelry, and spiky heels.  The males generally were garbed in baggy pants, oversized sweatshirts, and flashy sneakers.



On the first day of instruction, the lead trainer of our team, Dr. Khatri, discussed with the students the “rules of the road” for classroom behavior, i.e., turning off cell phones, refraining from eating and drinking in the classroom, remaining in one’s seat and just plain not getting up and leaving the classroom, and roaming the halls or disappearing in the restrooms, waiting to be called upon to respond to a question or make a comment instead of calling out, refraining from talking or arguing with one another during the classroom presentation or just going to sleep.  Easier said than done!  With regard to arguing, one day two females loudly cursed each other out and very nearly came to blows.  The teaching team immediately responded by stating that this behavior was completely unacceptable and pointed out they were interfering with everybody else’s learning, even if they didn’t care about their own.  This incident apparently had a very sobering effect on them.  They became aware they were wasting their own time as well as that of others.  Nevertheless, constant reminders had to be given, and sometimes direct challenges to authority had to be dealt with immediately in the class.  By the end of the third week, the progress in class etiquette had dramatically improved although the unacceptable behaviors still erupted from time to time throughout the remainder of the project.



Another difficulty we faced was that the students were easily distracted.  The two worst distractions were talking and arguing with each other or talking to themselves instead of listening to or silently thinking through the problem to be solved.  These behaviors were particularly difficult to deal with over the course of the project.  By the end of the project, however, most of these behaviors were practically gone. Another problem that was hard to control in the beginning was students disappearing to the bathrooms right in the middle of the presentation.  Yet another characteristic of the students at the beginning was their giving up quickly when they couldn’t immediately see the answer to a problem.  One male student commented, “I never studied in high school.  I don’t know how to.”  And more than half of the other students nodded their heads in agreement.  A week or so later, this same student commented, “I want to learn how to study.”  Gradually, improvements in their problem solving began to emerge, and their attention spans lengthened.  


PROCEDURES


On the first day of the project, the three professors who were in charge introduced themselves, briefly described their backgrounds, and explained each professor’s primary responsibility.  The goals of the project were explained as well.  Placards with the students’ names on them had been prepared and were given to them to display during the first three days of the project.  Then the students introduced themselves, described their interests and identified their possible majors.  


The testing aspect of the project was then explained to them.  The pre-test was being given to see where they were in math at the beginning of the project and to help us plan.  The post-test would tell us how much they had progressed and where they would be placed in math at the opening of the Fall Semester 2006.  The pre-test measured their proficiency on the two remedial math courses, 005 (Basic Math) and 015 (Introductory Algebra).  The students were assured that the pre-test results would not pre-determine their placement into either of these remedial math courses.  Only the post-test that would be taken after they have completed the project would determine their placement into either one of these courses, or hopefully, their exemption from both of them, and if exempted, the options open to them would be their enrolment in freshman level math courses.  They were free to leave after they finished the test.  After the introductory parts, the students were escorted to the testing site and were administered the UDC placement test in math.


Snacks and drinks were provided before the testing, and thereafter for every day of the project, since many of the students came without breakfast.  Lunch was provided every Friday.  Serving food was important because it (1) showed we cared about their well-being and energy levels; and (2) gave an opportunity to relax and socialize with one another and the faculty.  Serving food and drinks proved to be particularly important to several of the students because of working the graveyard shift in their jobs, and they came straight to the project at 10:00 AM.  For several other female students with young children (three to six months), their nights were often interrupted by their children’s needs.  All of the students held some kind of job.  Nobody came from an affluent background. 


On day 2, the rules for classroom instruction and participation were initially discussed, most of which were elicited from the students themselves.  The students were each given a three D-ring binder with tabs and paper.  The agenda (see Appendix 1) for the first instructional unit was distributed.  Instructions were given as to the placement of the agenda and paper in the appropriate tabs.  Throughout the project, all instructional materials, including scratch paper and pencils were supplied by the project.  The organization of the notebooks was monitored and checked by one of the faculty each week to make certain all of the students’ materials were in a logical order for study as part of the preparation for college.


No calculators were allowed throughout the entire project in order to: (1) demonstrate to the students they could do the problems without a calculator, and (2) build confidence in their own problem solving ability


Fortunately, the results of the students’ math placement tests were immediately available.  It was clear that, with the exception of one student, we had a long road to travel.  It was also clear that to bring changes in classroom behavior was going to be a long and bumpy road as well.  A great deal of time had to be spent just maintaining an adequate instructional situation.


In general, the project maintained the following daily schedule of activities:


1. Review and reinforcement of the previous day’s tasks and problems with students’ active participation.


2. Presentation of new materials with much student participation.


3. Completion of handouts for practice and reinforcement, all of which were immediately checked by the professors.  Also, with three professors present, assistance could be immediately given if a student was having difficulty.  These activities usually took about an hour and 15 minutes.


4. Break (15 minutes)


5. Presentation of the new material at a more sophisticated level, or, if the students showed real problems with it, re-teaching of the same material with another practice exercise.  Sometimes, a different topic was used altogether of about the same difficulty level in order to maintain their interest.

6. Completion of another practice exercise with prompt assistance and scoring available.  The students provided answers, and usually came to the blackboard to show how they had worked the problem.


7. As an incentive, bonus points were given for solid problem-solving based on these exercises, which resulted in small cash prizes at the end of each week.


(Activities 5-7 usually took about an hour and 15 minutes)


8. Break (20 minutes)


9. Completion of “homework” assignments.  The homework portion of the project was always completed and checked while students were still in the classroom.  The requirement meant they would complete all their work for the day and would not have to be struggling with the problems at home, and more often than not, just giving up.  (The activity usually took anywhere from 30 minutes to an hour and a half, depending upon the student.)


In total, the project ran about four hours per day.  On three successive days, one female student brought her two children because of a problem with child care.  One child was six-month old and the other, 18 months. Both were noisy and distracting.  After an hour in the project, the disruption necessitated a change in procedure.  One of us, Professor Brenda Brown, took the mother, her children, and one other student who had been helping out with the children, into another classroom for their instruction.  (It must be noted that bringing very young children to the classes at UDC is not uncommon when day care arrangements fail.)  After the completion of each day’s activities, the three professors met to discuss the day’s activities and to plan for the following day.  



At the end of the project, an exit interview was held with each student to report on the results of the post-testing and to advise them on registration and their first semester’s class schedule.  As a footnote, we point out that the “tough love” of the project resulted in most of them returning to one of us, Dr. Khatri, for registration a couple of weeks later.


FINDINGS



Two sets of findings are presented here.  The first focuses on the mathematics findings.  The second set is concerned with their personal growth and development as it relates to their readiness for general college work.  Using UDC’s placement test, the Accuplacer, Table 1 presents the pre-test and post-test summary statistics for the two below-college level math courses:  005, the basic mathematics, and 015, the introductory algebra course.  Highlights of these findings are described as follows:

Mathematics Findings

Table 1:  Summary Statistics:  Pre-Post Assessment Data

		

		MATH  005: Basic Math1 (N =10)

		MATH 015: Intro. Algebra2 (N=11)



		STASTICS DESCRIPTION

		Pre-Assessment

		Post-Assessment

		Pre-Assessment

		Post-Assessment



		Mean

		35.6

		63.4

		34.45

		49.1

		



		Percent Improvement

		

		78.09

		

		42.48

		



		Standard Deviation

		11.95

		22.44

		10.42

		24.48

		



		Range

		37.00

		83.00

		30.00

		72.00

		



		Median

		30.50

		60

		32.00

		44.00

		



		One-tailed t-test for paired observations

		

		5.82 


(4.587)3

		

		2.26 (2.228)3

		



		

		

		

		

		

		



		1 Passing score on UDC Placement Test is 70 for Basic Math

		

		

		



		2 Passing score on UDC Placement Test is 86 for Intro Algebra

		

		

		



		3 The number in parentheses for the t-test are the critical values

		

		

		





1. On the pre-test for basic math (005), the mean score for the group (N=10) was 35.6, with the passing score being 70.  The median was 30.5, indicating the mean was pulled up slightly.  In this instance two students achieved a passing score and were not included in the analysis.  The standard deviation was 11.50, which suggests a fairly homogeneous group to start with.  On the post-test, the mean increased to 63.4 showing an improvement of 78 percent.  In this instance, the median of 60 is double what it had been on the pre-test.  The s.d. was 22.4 which suggest that the instruction profited some of the students more than others, but everyone gained (See Appendix 2 for the actual raw score).


2. Turning to the results for 015, Introductory Algebra, the pre-test mean for the group (N=11) was 34.45 close to the median of 32, and the s.d. of 10.42.  The passing score for Introductory Algebra was 86 on the university’s placement test.  One student passed both the remedial math courses and no specific scores were available for 005, and therefore she was excluded from the analysis.  On the post-test, the mean increased to 49.1, and the median improved to 44.0, again suggesting that the workshop profited some students more than others.  While the difference between the means was not as great for the Introductory Algebra course as for the Basic Math course, the overall percent improvement was almost 43 percent.


3. Based on the UDC placement test, three students were able to skip the two remedial courses; three others were able to test out of the basic course, and the remaining six showed marked improvement in their readiness for the basic math course.  Our own analysis and observations showed that two additional students could have been placed in math 015 (skip one course), but the team decided against it because the students themselves said they needed extra practice.  One student, who had passed both the remedial courses placement tests, had many gaps in her math preparation and was grateful for the “refresher course”.  


4. Students t-ratio for paired observations, using a one-tailed test, was applied to the results of both the pre- and post-test results for 005 (Basic Math) and 015 (Introductory Algebra).  The t of 5.82 was significant beyond the .0005 level for 005 math with a critical value of 4.587 at this level with df = 9.  The t of 2.262 was significant at the 0.025 level with a critical value of 2.228 with 10 df for the 015 math.

Readiness for College



The findings presented here are qualitative, except for the first one.


1. All of the 12 students who came to the project on the first day completed it, in spite of absences here and there on the part of some of them.  For students from their backgrounds and life pressures and demands, this completion of the program was unusual.  All too often, students from their backgrounds just tend to drop out.

2. Along the way, they began to feel some real confidence in their ability to solve math problems, and this confidence was reflected in both the time they spent on the math post-test (almost double what they had spent on the pre-test), and of course, their scores.  In short, they had lost their fear of math.


3. By the last week of the project, their classroom behavior was attentive and focused.  Anybody who disrupted the instruction was viewed as wasting everyone else’s time.  Peer pressure from the group was now exerting itself in a positive way.  Also, most of the students began to comment on what a great opportunity the project had been.  All of them individually expressed their appreciation to the three professors during their exit interviews.


4. The dress of the four males and the disco outfits for the five of the six females changed to attire more suitable for a college campus.


CONCLUSIONS AND RECOMMENDATIONS


· We are convinced more than ever before that the students from the District Public High Schools can skip the below-college remedial math courses but more time is needed.  We theorize that a period of eight-weeks will be sufficient.

· Instruction and extensive practice in math alone is insufficient.  Ongoing attention must be given to study habits, individual responsibility, attitudes toward authority, organization, and classroom behavior.  Most of these students came to us with only the barest minimum of all of these aspects.  They were street-wise, not college-wise.  However, with our persistence and their growing awareness of a college education’s benefits, their readiness for the individual responsibilities and obligations of a college student markedly increased.  


As a final note, tracking these students and their academic performances in the first year of their college experience is planned in order to determine their retention rate.  Also, they are free to contact any one of us if they care to do so.
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Appendix 1


GATEWAY ALGEBRA PROGRAM


Entering UDC Freshmen Students


Funded by Title III grant at UDC


July 5 - August 11, 2006


(10:00 AM – 2:00 PM)*


A G E N D A # 1


1. INTRODUCTION: UDC Faculty and Staff 


1.1. Professor Brenda Brown, Trainer, Math Department


1.2. Dr. Anne Hughes, Trainer, Professor of Sociology and Education


1.3. Dr. Daryao Khatri, Lead Trainer, Physics department


2. INTRODUCTION: Entering UDC Freshmen Students


2.1. Names, hobbies, math courses taken, other interests


2.2. Students' Information


3. PROJECT GOALS


3.1. Professor Brenda Brown


3.2. Dr. Anne Hughes


3.3. Dr. Daryao Khatri


4. ORGANIZATION OF NOTE-BOOKS


4.1. A three D-ring binder


4.2. Tabs


4.3. Hole-punched paper


4.4. Other supplies


5. CLASSROOM MANAGEMENT


5.1. Fun Rules


5.2. Incentives ($100 in addition to the stipend for students with perfect attendance and no late arrivals)


6. PRE-ASSESSMENT TEST


__________________________________________


 * 
10:00 - 11:30 Lecture


11:30 - 11:45 Break 


11:45 - 1:00 Lecture


1:00 - 2:00 Homework


Appendix 2


Table 2: Raw Pre- and Post-Assessment Data


		Last Name

		First Name

		MI

		Pre-Test Scores

		Post-Test Scores

		College Math

		



		

		

		

		Math 005

		Percen


tile

		Math 015

		Percen


tile

		Math 005

		Percentile

		Math 015

		Percen


tile

		Pre-test

		Pre-test Percentile

		Post-Test

		Post-Test Percen


tile



		Gassom

		Charles

		

		28

		16

		29

		31

		54

		48

		29

		31

		

		

		

		

		



		Germany

		Raasheeda

		M

		84

		75

		48

		61

		

		

		92

		88

		

		

		22

		10

		



		Griffin

		Sharnita

		N

		51

		44

		28

		26

		82

		73

		76

		80

		

		

		

		

		



		Hawkins

		Sherman

		B

		43

		35

		24

		13

		61

		54

		22

		2

		

		

		

		

		



		Holloway

		Korvette

		R

		57

		50

		47

		61

		104

		90

		65

		74

		

		

		

		

		



		Jackson

		Maria

		A

		21

		1

		21

		0

		22

		3

		45

		59

		

		

		

		

		



		Medley

		Betty

		A

		27

		14

		42

		56

		54

		47

		21

		1

		

		

		

		

		



		Musawwir

		Ishan

		A

		32

		22

		26

		19

		70

		62

		35

		44

		

		

		

		

		



		Myers

		Marvin

		E

		42

		34

		50

		63

		59

		52

		77

		81

		

		

		

		

		



		Nash

		Aaron

		T

		29

		18

		32

		38

		81

		72

		34

		43

		

		

		

		

		



		Sweeney

		Romita

		S

		26

		12

		32

		37

		47

		40

		44

		58

		

		

		

		

		



		Vaughn

		Tasha

		

		

		

		97

		91

		

		

		88

		87

		15

		1

		30

		53
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I am Kay Gilliland, representing the National Council of Supervisors of Mathematics (NCSM). I taught mathematics for 27 years, worked with the EQUALS program at the Lawrence Hall of Science, University of California, Berkeley, for 20 years, and most recently have served as student teacher supervisor with Mills College in Oakland, California. I am a Past President of the National Council of Supervisors of Mathematics and am currently editor of the NCSM Newsletter. Thank you for inviting us to be represented here today.


My remarks pertain to the Panel’s category, Instructional Practices. This is an essential category because, in the end, what the mathematics teacher, K-12, does in the classroom determines the mathematical experiences of the students. The instruction given to the students by the teacher is critical to student success. Beginning with Harvard professor Robert Rosenthal's research into the "Pygmalion phenomenon," with first through sixth grade students in the Oak School experiment, educators have known that teacher expectations during instruction play a huge part in classroom results. If a teacher believes students are smart, can learn, will work hard and do well, those students are much more likely to become successful. 


Therefore we find teachers doing their very best to convince their students that their students are smart and it is worthwhile for the students to work hard because they can do mathematics. We find teachers tailoring the mathematics instruction to the interests of the age level, ethnic background, and other demographics influencing the students they teach. We find teachers discovering the challenges to which their students respond and planning mathematics projects their students find intriguing. We find teachers using stimulating mathematics curricula; they know that students who believe  mathematics is exciting and useful will learn and continue to study mathematics long after it is required. Their teachers’ esteem for their students is essential to this process.


Rosenthal has shown that positive expectations work with college students also. In fact, positive expectations probably work with all of us, children and adults alike.  If others hold us, as adults, in high esteem and believe we can accomplish great things, we are likely to work hard and succeed. If the public believes in mathematics teachers and holds them in high esteem, they are likely to work hard and succeed in teaching mathematics to their students.


You can imagine my feelings when just eleven days ago I read the front page of my Oakland Tribune newspaper: 


Since last weekend about 13,000 letters have been making their way to families across the Oakland school district, announcing that their child’s teacher isn’t “highly qualified” under the No Child Left Behind Act.


It is said that we used to teach mathematics more effectively. I wonder about that. I have talked with hundreds of people my age who did not like mathematics in school, stopped studying mathematics as soon as they were allowed to do so, and have never felt comfortable with mathematics during their lifetimes. Perhaps teachers at that time were not very effective after all. 


Today teachers know much more than ever before about teaching mathematics, how to make mathematics a fascinating, challenging subject. Materials and standards have been developed as guidance and children are creating their own ways of solving problems, using their minds, figuring things out. This requires of the teacher patience, understanding, and a deep knowledge of mathematics content. It requires the teacher to continue planning, learning, investigating, gaining insight into the thought processes of the students. At every level, teaching mathematics demands the full attention and skill of intelligent, highly dedicated teachers.


Remember that newspaper article? It quotes Jack Gerson, a mathematics and physics teacher at Leadership Preparatory High School on the Castlemont campus (Oakland).


“When I arrived for my first period class, my students all said to me, ‘Mr. Gerson, you’re not highly qualified in physics.’ Gerson, who has a master’s degree in math from Stanford University and a doctorate in biostatics from the University of California, Berkeley, filled a physics vacancy this fall but isn’t yet certified to teach the subject.”


There are teacher like Jack Gerson all over our nation. Notifying all parents of the lack of high qualification on the part of an individual teacher has been a federal law since 2002. After the parents receive the letters, the students will most likely continue in that teacher’s class the rest of the year. I cannot think of anything more destructive of a teacher’s credibility and thus the atmosphere of the classroom. Esteem for teachers? Not that way.


To make matters worse, the newspaper article states that the teachers of Oakland were not notified that the letters were being mailed. 


“We’re sorry for any stress that it’s caused,” (Oakland school district’s chief service officer) Moran said…


Steve Luntz, a math and science teacher at Montera Middle School said he and other teachers went through a credential review during the last school year. He said he was told he was “more than covered.”


He learned this week from a parent that his credentials were in question.


Unfortunately we have a long history in the United States of denigrating teachers.  Long before Washington Irving based the character of Ichabod Crane on a local Tarrytown, New York, schoolteacher, Americans have questioned the worth of education in general and teachers in particular. The media have long battered teachers and now the states and federal government have taken it up.


We can learn how to treat professional people from the actions of institutions such as the Kaiser Medical Health Plan. Kaiser hires the doctors, just as school districts hire teachers. Kaiser exercises certain controls over their doctors, just as school districts do. The difference is that Kaiser makes every effort, never misses a chance, to build patients’ esteem for doctors. I picked up some literature on back pain. At the bottom it said,


This booklet is not intended as a substitute for professional medical care. Only your doctor can diagnose and treat a medical problem.


Thus Kaiser and other medical groups build confidence in their professional staff. Schools, school district, states and our nation must do this for our staff of professional teachers. 


The National Math Panel has a unique opportunity to build public confidence in the professional staff of school districts. The background for building confidence exists; for instance, some parents already discount the letters and believe in the teachers. The October 27 newspaper article continues


“I do feel like my daughter is getting a good education. I feel that she is being challenged,’ said Melissa Brauer, a parent at Edna Brewer Middle School (Oakland)… But…it (the letter) creates a potential idea of crisis or chaos that doesn’t need to be there…”

The National Mathematics Panel can rebuild America’s faith in its teachers. When, in the TIMSS and other international studies, we examine other countries whose students do well in mathematics, we often find countries where teachers are held in very high esteem.  This high regard for teachers is among the reasons mathematics teaching in these countries is so successful. Every time we disparage the mathematics teachers of the United States, we make their very demanding job even harder. The newspaper article goes on to say:


…Natalie Mann received National Board Certification in 2004. This advanced, nationally recognized credential…required 160 hours of writing, videotaping, lesson plan submission and self-evaluation. But Mann, who teaches seventh grade pre-algebra (Montera Middle School, Oakland), found herself on the list (of teachers judged not highly qualified).


In class this week, after surveying her class to see how many received the letter—everyone—Mann said she pointed to her National Board Certificate on the wall. “But I’m not sure that will inspire hope in their families,” Mann said.


National Mathematics Panel Members, you have great influence. You have the attention of the President. The whole nation is waiting for the outcome of this Panel. You can rebuild America’s faith in its teachers. Please help us create in the minds of parents, and all of the public, the positive expectations and high status that will help mathematics teachers at every level all over the country put their skills, knowledge and ability to work for every child.


Reference: Oakland Tribune, Friday, October 27, 2006, page 1. (oaklandtribune.com)


Kay Gilliland


Newsletter Managing Editor / Past President


NCSM: An International Organization of Leaders in Mathematics Education


14240 Skyline Blvd., Oakland, CA 94619-3626


www.ncsmonline.org


510/638-6393          GillilandK@mac.com
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Statement for the National Mathematics Panel


November 6th, 2006


Presented by: Dr. Judit Moschkovich


Associate Professor, Education Department, University of California, Santa Cruz


Representing TODOS: Mathematics for All


Thank you for this opportunity to address this distinguished panel.  Your task is extraordinarily important to the mathematics and mathematics education community, and to the millions of students in our country for whom your recommendations will have significant consequences. I write as a representative of TODOS: Mathematics for All, an organization that advocates for an equitable and high quality mathematics education for all students, in particular Hispanic/Latino students as well as students from minority populations such as Native Americans, African Americans, and others.


My remarks represent TODOS as well as my own professional experience as a mathematics instructor at the university level and as a researcher in mathematics education for over 15 years.  My career in mathematics education began when, after receiving a B.S. in Physics, I taught Algebra courses as a lecturer in the Mathematics Department at San Francisco State University. I received my Ph.D. in mathematics education in 1992 and have been conducting research in classrooms since then.  I have been involved in mathematics education at many levels:  I have served as a member of the editorial panel for the Journal for Research in Mathematics Education and as the Chair of the AERA Special Interest Group for Research in mathematics Education (2004-2006). I am the author of many research articles and chapters in edited books. I teach a course that introduces future secondary mathematics teachers to evidence-based research in mathematics education and courses for Ph.D. students in mathematics education. My research for the past 10 years has focused on the study of the relationship between language and learning mathematics, especially for Latino English learners.


I will limit my observations and recommendations to address one of the points listed on the Executive Order with regards to the Report to the President on Strengthening Mathematics Education. I include a list of research references at the end. Point for discussion, (c):  The processes by which students of various abilities and backgrounds learn mathematics, with implications for instruction, teacher education, assessment, and materials development.


The main question I will address is “What are the needs of Latino English learners in mathematics classrooms?” Before I can address that question, I would like to lay the groundwork by first considering the following questions:

1. What is mathematical proficiency?


2. What is “conceptual understanding” in mathematics? Why is it important?


3. Why is communication important for learning mathematics?


1. What is mathematical proficiency?


A current description of mathematical proficiency comes from the book “Adding it up: helping children learn mathematics” published in 2001 by the National Research Council (edited by Kilpatrick, Swafford, and Findell). The NRC volume defines the intertwined strands of mathematical proficiency as: a) Conceptual understanding (comprehension of mathematical concepts, operations, and relations); b) procedural fluency (skill in carrying out procedures flexibly, accurately, efficiently, and appropriately); c) strategic competence (formulating, representing, and solving mathematical problems (novel problems, not routine exercises); d) adaptive reasoning (logical thought, reflection, explanation, and justification); and productive disposition (habitual inclination to see mathematics as sensible, useful, and worthwhile, coupled with a belief in diligence and one’s own efficacy).


I will address only the first two components, procedural fluency and conceptual understanding. Fluency in performing mathematical procedures is what most people imagine we mean when we say “learning mathematics.” Conceptual understanding is more difficult to define and less well understood by parents, administrators, and beginning teachers. So, what is conceptual understanding? It involves the connections, reasoning, and meaning that learners (not teachers) construct. Conceptual understanding is more than performing a procedure accurately and quickly. It involves understanding why a particular result is the right answer and what the meaning of that result is, i.e. what the number, solution, or result represents.


Another aspect of conceptual understanding involves connecting representations (such as words, drawings, symbols, diagrams, tables, graphs, equation, etc.), procedures, and concepts (Hiebert & Carpenter, 1992). For example, if a student understands addition and multiplication, we would say they have learned to make connections between these two procedures, and expect that they would be able to explain how multiplication and addition are related (for example, that multiplication can be described as repeated addition). If they understand the procedures for multiplying and dividing negative numbers, we would say they have learned to make connections between these two procedures, and expect that they would be able to explain how the procedures for multiplication and division are similar, different, and explain why.


2. Why is conceptual understanding important?


One might think, “OK fine, so some researchers think that students need to be able to draw pictures and explain what they are doing when they perform a procedure, but what is the big deal about conceptual understanding? Why can’t students just learn their multiplication facts or learn that the right procedure to divide fractions is to “invert and multiply” and be done with it? I certainly don’t think I understand most of the arithmetic I learned and yet I have made it through school. Why does my child’s learning need to include conceptual understanding?”


One answer to these questions is that conceptual understanding and procedural fluency are closely related, even if we, as adults, do not now remember understanding a particular procedure when we learned that procedure. Research in cognitive science (Bransford, Brown, & Cocking, 2000) has shown that people remember better, longer, and in more detail if they understand, actively organize what they are learning, connect new knowledge to prior knowledge, and elaborate. Children will remember procedures better, longer, and in more detail if they actively make sense of procedures, connect procedures to other procedures, and connect procedures to concepts and representations. Rehearsal may work for memorizing a grocery list (and even then organizing the list will improve memorization). Rehearsal, however, is not the most efficient strategy for remembering how to perform demanding cognitive tasks. The research evidence is clear. The best way to remember is to understand, elaborate, and organize what you know (Bransford, Brown, & Cocking, 2000).


3. Why is communication important for learning mathematics?


One might think, “OK, I can see why my child needs to develop conceptual understanding, but what is all the fuss about communication in the mathematics classroom? I always did math by myself at my desk.” Communication is important because it supports conceptual understanding. The more opportunities a learner has to make connections among multiple representations, the more opportunities that learner has to develop conceptual understanding. But not all kinds of communication will support conceptual understanding in mathematics. Communication needs to be focused on important mathematical ideas. Classroom communication that engages students in evidence based arguments by focusing on explanations, arguments, and justifications builds conceptual understanding. Communication should include multiple modes (talking, listening, writing, drawing, etc.), because making connections among multiple ways of representing mathematical concepts is central to developing conceptual understanding.


4. What are the needs of Latino English Learners in mathematics classrooms
?

Latino students need to develop both procedural fluency and conceptual understanding, because these are two central aspects of mathematical proficiency. They also need to have opportunities to engage in mathematical communication, because this is a central way to develop both procedural fluency and conceptual understanding. Now, one might think “Sure, classroom discussions may support conceptual understanding. But English learners can’t participate in mathematical discussions because they are just learning English” or “English learners just need to learn math vocabulary. Then they can participate in mathematical discussions.” 


These may seem like common sense claims. However, research shows that English language learners, even as they are learning English, can participate in discussions where they grapple with important mathematical content (for examples of lessons where English Learners participate in a mathematical discussion see Moschkovich, 1999a and Khisty, 1995). Instruction for this population should not emphasize low-level language skills over opportunities to actively communicate about mathematical ideas. One of the goals of mathematics instruction for students who are learning English should be to support all students, regardless of their proficiency in English, in participating in discussions that focus on important mathematical ideas, rather than on pronunciation, vocabulary, or low-level linguistic skills. By learning to recognize how English learners express their mathematical ideas as they are learning English, teachers can maintain a focus on the mathematical concepts as well as on language development.


Research also describes how mathematical communication is more than vocabulary. While vocabulary is necessary, it is not sufficient. Learning to communicate mathematically is not merely or primarily a matter of learning vocabulary. During discussions in mathematics classrooms students are also learning to describe patterns, make generalizations, and use representations to support their claims. The question is not whether students who are English learners should learn vocabulary but rather how instruction can best support students as they learn both vocabulary and mathematics. Vocabulary drill and practice is not the most effective instructional practice for learning either vocabulary or mathematics. Instead, vocabulary and second language acquisition experts describe vocabulary acquisition in a first or second language as occurring most successfully in instructional contexts that are language rich, actively involve students in using language, require both receptive and expressive understanding, and require students to use words in multiple ways over extended periods of time (Blachowicz & Fisher, 2000; Pressley, 2000).  To develop written and oral communication skills students need to participate in negotiating meaning (Savignon, 1991) and in tasks that require output from students (Swain, 2001). In sum, instruction should provide opportunities for students to actively use mathematical language to communicate about and negotiate meaning for mathematical situations.


In conclusion, I would like to thank the National Mathematics Panel for this opportunity to address these concerns and represent TODOS. 


Dr. Judit Moschkovich


Associate Professor


Education Department


University of California, Santa Cruz


1156 High Street


Santa Cruz, CA 95064


jmoschko@ucsc.edu
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Going Metric is easy and is seeping into the U.S. language.

Metric is here to stay.


By Don M. Jordan, University of South Carolina


“In truth, metrics has seeped into the U.S vernacular beyond the plastic soda bottle” (says Edward M. Eveld, Knight Ridder Newspapers ).  It is perfectly acceptable to speak of the 100 meter racer in the Olympics or the local 5K run for cancer research.  People are happy to buy 35 mm film and talk about the 4.0 liter engine in their car.  Fat and fiber come in grams, sodium in milligrams, computer speeds in megahertz, and even wine and spirits come in metric sizes only.  Watts, volts, and amperes are metric units. The metric system is the language of science and medicine.  If you want to go to college, you better take chemistry in high school.. Chemistry is 100% metric.  


Soon you may see product labeling only in metric.


Like Olivia Newton-John, “Let`s Get Physical”.


One can make a relationship between each everyday metric units and something physical. For example:  Centimeter: the diameter of the colored part of your eye. Meter: the height of a door knob in your home, the length of a baseball bat. Gram:  a little more than the weight of a paper clip or three raisins. Decimeter: The length of an ordinary wall receptacle.  Square Decimeter: the size of a slice of bread.  And so on …Note: No relationship to the customary units is made.  You do not want to mix the units.  So I would never say a meter is about a yard. 


The Four Main Reasons Why the US Should GO METRIC.


1.  The SI Metric System was scientifically developed.

Example:  All units stem from seven basic units.  {(1) Meter - length, (2) Kilogram - mass, (3) Second - time, (4) Ampere – electric current, (5) Kelvin or Celsius - temperature, (6) Mole – amount of substance, (7) Candela – luminous intensity


2.  Ease of computation.  Try converting 29 mi to rods to yards to feet to inches - compare with converting 29 km to hectometers to meters to decimeters to centimeters.


The metric system is based on decimal arithmetic, just like dollars and cents.  Once learned, it’s simpler to use and less prone to error. Adopting the metric system is a good deal for Education.  Metrication increases both efficiency and quality and will help ensure that American students stay technologically competitive with their foreign counterparts.


3. Economic & Trade reasons. 


Most major U. S. industries - including the automobile, construction equipment, machine tool, electronics, soft drink, liquor, pharmaceutical and health care industries - are primarily or completely metricated.


Since 1994, billions of dollars of federal, state and local metric construction projects of all kinds have been built using the metric system.  We only need to make the change once. The benefits are perpetual.


4. This is a METRIC WORLD (Universal Language)  If the US completely adopts the Metric System, it will be the first time since the dawn of civilization that the world will have one language of measurement.  Imagine if we could do this with English or Spanish. The metric system is the international system of measurement - 94 percent of the people on earth use it all the time.


Note:  In 1988, Congress made the metric system the preferred system of measurement in the United States.


Dr. Don Jordan, University of South Carolina, Eastern Director of the United States Metric Association.  

Note at the site: www.cosm.sc.edu/jordan you can find the following:  Under Metric then see  Puzzles and games:


Measurement Word Search; Measurement Crossword puzzler; Vocabulary Challenge; NIST Metric Pyramid; The Big Match Up;  My Name Card; , Metric Book Mark.  These are the same as found at www.nist.gov/kids. Many others.

Update Aug 25 2006 by dmj
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Flexible Performance Grouping


“Flexible Performance Grouping” (FPG) is an across-grade grouping practice in which students who score similarly on pre-assessment tests given several times during the school year are grouped together for instruction. FPG teachers in a grade teach the same FPGed subject at the same time, each teacher focusing attention on only one performance level group.  Performance grouping is usually restricted to one or two subjects during the school day, typically math.


FPG differs from differentiation in regular mixed classrooms:


· FPG teachers prepare for and instruct a much narrower range of students.  As a result, they are more available to individual students for more of the instruction period and spend less time on preparation.  

· Most FPG students travel to a different classroom for instruction.  All spend more time on task and less on “seat work” required in regular differentiated classrooms where the teacher must split his or her attention between students with vastly different learning needs.

Since FPGed children are given more focused instruction, FPGs are, by design, arrangements where:


· Children lacking fundamentals gain mastery more quickly, often with the help of lower student-teacher ratios, and can move to a higher grouping. 


· Advanced learners become more engaged because they gain a deeper understanding and advanced knowledge of the principles taught.


FPG provides for more minutes of direct interaction between the teacher and student in a classroom setting that is more comfortable for students to ask questions in, while placing less demands on a teacher’s time. 

Can you sort out the FPG myths from the realities? 

Test yourself and find out.

General


Flexible performance grouping relegates a child to the same group for the entire school day, for the entire school year, and sometimes for an entire school career.


Myth. Unlike tracking, “flexible performance grouping” used in classrooms across the US groups students by academic performance only for certain subjects taught (such as math), and allows students to move between groups at set intervals (for example, every six weeks or every unit) depending on their pre-assessment scores.  

This differs considerably from “tracking” or “laning” used extensively in classrooms across the United States in the 1960s which typically placed children based on IQ in groupings for the majority of each school day, often for the entire school year.  


California’s Department of Education advises California public schools to teach children of all abilities only in heterogeneous (mixed) settings.

Myth.  The California Department of Education’s Frameworks, designed to provide best practices for California public classrooms, directs teachers to group children by ability in math and language arts, advising teachers to “frequently move [students] into appropriate instructional groups according to their needs.” 


· “It is perfectly appropriate, even advisable, to group those students who do not understand a concept or skill. . .”
 

· For advanced learners, instruction in the regular mixed classroom is the “only type of programming arrangement that did not result in statistically significant improvement in achievement.”
  

Why? According to the California Department of Education, teachers in mixed elementary classrooms do not have enough time to deliver what is needed to teach to the various learning levels
 and have time only to make “minor modifications” to address the wide range of students in their classrooms.
    


Children at all learning levels benefit from being taught in homogeneous (matched) groups, with curriculum that is adjusted to each group’s performance level.


Reality.  In performance grouped classrooms, all learners “profit[] from it” academically.
 Lower performing students advance 2 to 3 months academically.  Advanced students end up at least 4 months ahead.
 The results are the same across all socioeconomic backgrounds.


Key too is that curriculum be adjusted to each group’s needs.
 


Flexible performance groupings are a key part of the most successful elementary reform programs in the United States today.

Reality.  At the behest of the US Department of Education, the highly respected American Institutes for Research studied widely used education reform programs across the US and in 2005 gave its highest marks to two elementary math and reading programs which rely upon flexible performance groupings to achieve their success.
  

In Eugene, Oregon teachers group children by performance level (“flexible achievement groups”) for reading and math.  “Students who are progressing quickly [are] periodically reassigned to a faster group and immediate assistance given to students who are struggling.” All students progress at the fastest possible pace. 
 (In 1995, this program was identified as the most effective at breaking the cycle of poverty in the Department of Education’s Project Follow Through study -- the world’s largest education study which tracked over 350,000 students over 10 or more years at a cost of over $500 million.  The Eugene model brought impoverished children close to the 50th percentile in math and reading.)


In Baltimore’s “Success for All” program, students are grouped across grades according to performance and are re-evaluated for group placement every eight weeks. Success for All teachers find that students in their like-performance groupings move at a faster pace because they no longer do “much more seatwork than necessary,” required when teachers were asked to tend to the multiple learning levels in their classrooms.
  1,200 schools across the nation are using this program.


FPG research bears out the positive results these programs experienced.
 


Teachers teach math to all levels of learners as or more successfully in differentiated mixed classrooms than in flexibly performance grouped settings.


Myth.  A number of elementary school districts have moved away from or completely abandoned teaching math in differentiated heterogeneous classrooms, finding flexible performance grouping a more efficient and effective way to deliver math to all their learners. For example: 


In Menlo Park, California it is recommended that all students be flexibly grouped (students across the grade are re-arranged during math period) by performance in math starting in Kindergarten and requires it for all students by 3rd grade.


Los Altos, California also recommends that all students be flexibly grouped (students in a grade re-arranged and taught math at the same time) by performance in math starting in Kindergarten and requires it for all students by 4th grade.
  


In both districts, schools provide a common math instruction hour to facilitate student movement for grouping. Students are grouped according to their performance and placement decisions are revisited periodically.  All board members, teachers, principals, parents and students interviewed in those districts strongly supported FPG in their classrooms and noted the positive learning and student engagement resulting from it.  There is mostly upward movement between groups during the course of the school year.
 


In other schools’ mixed classrooms, one will find teachers:

· Teaching to the 19th percentile.
 

· Spending upwards of 80% of class time on whole group instruction.


· Who believe they:

· effectively supplement slower math learners, yet less than 20% note receiving such help. 


· are providing their advanced elementary math students more challenging work, yet only half of those students find the work challenging (80% repeat work they already mastered).


FPG works just as well inside a mixed classroom as it does in separate classrooms when children travel to teachers assigned to their learning level.


Myth.  Certain students grouped in a mixed classroom have substantially lower achievement then when taught in homogeneous classrooms, pullout programs and special schools.
  

   
Impact on Whole Child 


Performance grouping harms a child’s self-esteem.


Myth.  The National Association of School Psychologists, which advocates for and promotes ideas that benefit school-aged children’s mental health and well being, endorses flexible performance groupings.




Why? In mixed classrooms, higher aptitude students have high self-esteem and lower performing students low self-esteem, presumably because they must endure on a daily basis a public display of academic deficiencies.


Grouped settings “do not lead talented students to become self-satisfied and smug” 
 nor do they cause a precipitous drop in lower performing students’ self-concept but, in fact, can strengthen it:
  

· Removing high achievers from the classroom allows new talent to emerge.  Slower learners “become more involved in class” and “think they are great at math because the better students are not in the room to make them feel slow,” with teachers reporting that they’ve seen slower learners they “would have not expected to be leaders taking over in my classroom” when placed in grouped settings.
 They no longer sacrifice learning for social acceptance because they no longer are intimidated by students who know the answers.  They become more willing to participate in class discussions and ask questions.
  

· The by-products of FPGs, improved understanding and subject mastery, strengthens a students’ self concept as they become more confident of their skills and their ability to learn and master concepts previously difficult to understand. 

Performance grouping promotes segregation by race and economic class.

Myth.   Researchers have well-documented the benefits of performance grouping for minority students.
   


Fears that performance groupings will be based on race or economic class are unfounded when:

· Teachers are trained to use multiple factors to determine placement and are directed to identify children from underrepresented minorities for special programs and opportunities.

· Pre-assessment tests objectify the group placement decision, mitigating against discriminatory practices that could occur. 

Should discriminatory identification procedures be a concern, identification procedures should be reviewed with teachers.
  

Performance grouping provides unequal opportunities for academic achievement.


Myth. Equal opportunity does not mean the same material for all students, but rather that each child be given the same opportunity to become life-long learners and meet their maximum potential.  

Unequal opportunities result when teachers do not have time to adequately tend to the needs of all levels of learners in a mixed classroom.  Slower-to-learn students do not get the kind of teacher attention that would best help them achieve.  Faster learners (poor, 
  minority or otherwise) do not get an opportunity to learn and so underachieve.
  

In FPGed classrooms, all students benefit from the stimulation they get from learning principles they haven’t already mastered. (Highly publicized reports that claimed performance grouping resulted in unequal opportunities are based on now discredited, unscientific research that looked at classroom practices quite different from flexible performance grouped settings found in classrooms today.
 ) 


Grouping learners together with more challenging work contributes to high student stress levels.


Myth.  Parents whose children struggle with math report student stress when their children are advanced to new math concepts before gaining mastery of the unit taught, never given the opportunity to feel competent or confident in math.


Parents of advanced learners report that not providing sufficient challenge also causes student stress and behavior issues that are subsequently resolved when the curriculum is adjusted to challenge their child. (Advanced students balance almost twice as much school work as an average student with a commensurate investment of time and effort.
) David Elkind, well-regarded researcher of childhood stress and author of the highly acclaimed book The Hurried Child: Growing Up Too Fast Too Soon, supports schools' promotion of intellectually gifted students to “make a better fit between the child’s level of intellectual development and the curriculum.”
 

 

Impact on Teachers and Their Classrooms


Performance grouping requires extra funding for more teachers, training, support, and classroom materials.

Myth.  FPG is moving what teachers already do each day in mixed performance classrooms to a different setting.  As a result, teachers who differentiates in their mixed classroom already has the training, curriculum and supplementary materials needed to teach in FPG classrooms.  

Recognizing the California Department of Education’s directions that instruction must focus on unlearned materials, the at-grade-level math textbook may not be sufficiently challenging for advanced students.  

No new teachers, training, support, or classrooms are required.


But there is an indirect cost of performance grouping – increased demand on teachers.

Myth.   FPGs makes a teacher’s job easier. 


In mixed performance classrooms, teachers typically prepare each day for an elementary classroom with up to an 8 year academic spread. 
 

What is the single biggest challenge teachers face today?  According to principals, it is teachers’ inability to work with children of varying abilities (rated twice as high as the next challenge, student discipline.)  One out of four (26%) teachers admits to not knowing how to work with students of varying abilities; 60% say they do not have enough time to do so.  Education leaders (1) echo the importance of teaching each child at his or her level (92% of principals believe it is very important for a teacher to teach individual students according to their needs), as well as (2) the magnitude of the challenge (only 22 percent of principals say their teachers do a good job doing so).


Performance grouping reduces the range a teacher must teach to a small subset required of a teacher in a mixed classroom setting.  


Because FPG delivers more instruction to more students during the instruction period in a setting where more students are comfortable asking for the help they need, less teacher time is required answering student questions or supplementing instruction during recess or after school hours.  (Performance grouping in the regular mixed classroom does not reduce the current workload demanded of teachers who must continue to prepare for each learning level as before.) 


Appropriateness of Performance Grouping for Elementary Math

Math is a subject perfectly designed to be taught in flexible performance groupings.


Reality.  The California Department of Education’s Frameworks, designed to provide best practices for California public classrooms, advises elementary math teachers to “frequently move [students] into appropriate instructional groups according to their needs.” 
  Many schools have had great success doing so. 

Math’s linear progression and the ability to gage progress with objective tools are well designed for pre-assessments and grouping placements. 

Concerned about the erosion of US’ economic power, the government, economists and corporate leaders are urging public schools to improve math instruction.

Reality. The United States Senate called upon our nation last year to set as one of our highest priorities “vastly improving . . . math education” as early as kindergarten.
   “The United States faces a serious and intensifying economic challenge from abroad -- and [] we appear to be on a losing path,” a panel of university presidents, Nobel laureates, heads of companies and former government officials recently announced.
 


While the consistent “math gap,” evident starting in 4th grade, between the US and other countries has been widely reported, even the US’ top math students lag considerably behind their international peers, scoring among the lowest of 16 countries tested.
  


This “math gap” is caused by US schools’ low expectations and demands.
  

(Anecdotally, in Newton, Massachusetts 71% of their elementary students think themselves good in math, but despite this less than half enjoy math, period.
 ) 


Special Concerns for Advanced Learners

The brightest students have some of the lowest achievement gains, showing signs of underachievement as early as elementary school.

Reality.  As many as 40% of advanced learners achieve under their potential.
 Faster learners “do not automatically know how to or learn to make judgments on their own.”
  


A 4 year study recently addressing underachievement of advanced learners found that 

“‘underachievement often begins in elementary school,’” noting the apparent “relationship between inappropriate or too-easy content in elementary school and underachievement in middle and high schools.” 
 

In mixed classrooms, “the higher [a student’s] achievement level, the less [learning] growth a student [is] likely to have.” 
   Advanced learners learn best at a pace 7 to 8 times faster than that set in the regular classroom (where content is typically aimed at children in the 19th percentile
).  Frustrated by elementary teachers who have time only to make “minor modifications” to what they teach, 
  these students, starting in elementary school, repeat materials already mastered.  Repetition of material already mastered is a predictor of student underachievement. 


Advanced learners learn more in flexible performance grouped settings than they do in mixed classrooms.



Reality.  According to the California Department of Education, for advanced learners 
instruction in the regular mixed classroom is the “only type of programming arrangement 
that did not result in statistically significant improvement in achievement.”
  


The benefits for advanced students from groupings are "positive and often large.”
 Grouping learners both cognitively and affectively benefits advanced students in all areas of achievement.
 With appropriate curriculum adjustments, they advance 4 months to 1 year beyond where they would be if left in mixed settings.
 (Average and struggling learners also make “nontrivial gains” in achievement when instruction is tailored to their needs.)
  The benefits are substantially greater when advanced students are taught in homogeneous classrooms, pullout programs and special schools rather than in mixed classrooms.
  


It is for these reasons that both the National Association for Gifted Children
 and the California Association for the Gifted
 strongly support flexible performance grouping for advanced learners.  


Even the California Education Code provides that advanced learners be grouped together, during all or part of the school day.  (Individualized work, without the complement of performance grouping as the main program component, is not endorsed.) It is in the public’s interest to provide “unique opportunities for high-achieving” students in all grades. 


But advanced students in mixed classrooms serve as positive role models and improve overall classroom performance.


Myth.  Students model their behavior on the behavior of others who are of similar ability,
  so the achievement of non-advanced students does not suffer when advanced students are taken out of their classroom.
 "Watching someone of similar ability succeed at a task raises the observers’ feeling of efficacy and motivates them.” 


Many advanced learners notice how they are different from others in their classroom, and only become more comfortable with themselves and around others when grouped with similar students who are provided consistent academically challenging content.



Both the federal and state governments are only concerned about academic advancement of low performing students, not of students who are already performing at high levels.


Myth.  For over two decades, the US Department of Education has called our country’s treatment of high ability students in our schools a “crisis,” finding persistently low standards and low expectations for this group of children.
 


California has almost 2,000 carefully articulated words of laws (and 6 subchapters of interpretive regulations) outlining what it expects schools to do to address the needs of  advanced learners,
 a clear expression of the state’s concern about the welfare of the nearly half million
 advanced learners in California’s public schools. 

� CDE Math Frameworks, http://www.cde.ca.gov/ci/ma/cf/documents/math-ch6.pdf at pages 237 and 239 and Language Arts Framework � HYPERLINK "http://www.cde.ca.gov/re/pn/fd/documents/lang-arts.pdf at page 239" ��http://www.cde.ca.gov/re/pn/fd/documents/lang-arts.pdf at page 239�. See also Tieso (2003) “Ability Grouping is Not Just Tracking Anymore”, � HYPERLINK "http://www.geniusdenied.com/articles/Record.aspx?NavID=13_15&rid=13012" ��http://www.geniusdenied.com/articles/Record.aspx?NavID=13_15&rid=13012�, Rogers (1993) “Grouping the Gifted and Talented: Questions and Answers” � HYPERLINK "http://www.gt-cybersource.org/Record.aspx?NavID=2_0&rid=11395" ��http://www.gt-cybersource.org/Record.aspx?NavID=2_0&rid=11395�, Kulik (1992) “� HYPERLINK "http://eric.ed.gov:80/ERICWebPortal/Home.portal?_nfpb=true&eric_viewStyle=list&NARROWdescriptor_lb=Ability+Grouping%2CGrouping+%28Instructional+Purposes%29%2CAbility+Grouping&NARROWpubDateRangeTo=1993&NARROWkeyword_search=Kulik&ERICExtSearch_Descriptor=%22Ability+Grouping%22&pageSize=10&eric_displayNtriever=true&eric_displayStartCount=1&NARROWpubDateRangeFrom=1992&_pageLabel=RecordDetails&objectId=0900000b801283c5&accno=ED350777" �An Analysis of the Research on Ability Grouping: Historical and Contemporary Perspectives. Research-Based Decision Making Series”� � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf�, Rogers (1991)  “The Relationship of Grouping Practices to the Education of the Gifted and Talented Learner” � HYPERLINK "http://www.gifted.uconn.edu/nrcgt/rogers.html" ��http://www.gifted.uconn.edu/nrcgt/rogers.html� and Slavin (1987) “Ability grouping and student achievement in elementary schools: A best-evidence synthesis,”  Review of Educational Research, 57, at pages 293-336 as cited in � HYPERLINK "http://72.14.207.104/search?q=cache:_eTI7MtJ4LIJ:www.geniusdenied.com/articles/Record.aspx%3FNavID%3D13_15%26rid%3D11496+%22Ability+Grouping+and+Student+Achievement+in+Elementary+Schools:+A+Best-Evidence+Synthesis%22&hl=en&gl=us&ct=clnk&cd=9" ��http://72.14.207.104/search?q=cache:_eTI7MtJ4LIJ:www.geniusdenied.com/articles/Record.aspx%3FNavID%3D13_15%26rid%3D11496+%22Ability+Grouping+and+Student+Achievement+in+Elementary+Schools:+A+Best-Evidence+Synthesis%22&hl=en&gl=us&ct=clnk&cd=9�.







� “[E]ven with the best of intentions, teachers did not have enough time to deliver [differentiated instruction]” in heterogeneous classrooms. California Mathematics Frameworks for Public Schools,  � HYPERLINK "http://www.cde.ca.gov/ci/ma/cf/index.asp" ��http://www.cde.ca.gov/ci/ma/cf/index.asp�, Chapter 6 at page 238.  







� California Mathematics Frameworks for Public Schools, � HYPERLINK "http://www.cde.ca.gov/ci/ma/cf/index.asp" ��http://www.cde.ca.gov/ci/ma/cf/index.asp�, Chapter 6 at page 238.  



(“even with the best of intentions, teachers did not have enough time to deliver” in heterogeneous classrooms).







� Archambault, Westberg, Brown, Hallmark, Emmons, Zhang (1993), “Classroom practices used with gifted third and fourth grade students.” Journal for the Education of the Gifted, 16(2), 103-119  (research of 2,000 3rd and 4th grade teachers) cited in � HYPERLINK "http://www.gifted.uconn.edu/nrcgt/newsletter/winter94/wintr941.html" ��http://www.gifted.uconn.edu/nrcgt/newsletter/winter94/wintr941.html�.







�Kulik (1992) “� HYPERLINK "http://eric.ed.gov:80/ERICWebPortal/Home.portal?_nfpb=true&eric_viewStyle=list&NARROWdescriptor_lb=Ability+Grouping%2CGrouping+%28Instructional+Purposes%29%2CAbility+Grouping&NARROWpubDateRangeTo=1993&NARROWkeyword_search=Kulik&ERICExtSearch_Descriptor=%22Ability+Grouping%22&pageSize=10&eric_displayNtriever=true&eric_displayStartCount=1&NARROWpubDateRangeFrom=1992&_pageLabel=RecordDetails&objectId=0900000b801283c5&accno=ED350777" �An Analysis of the Research on Ability Grouping: Historical and Contemporary Perspectives. Research-Based Decision Making Series”�  � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf� at pages 49 and 62.  See also Kulik (1993)  “An analysis of the research on ability grouping”  � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/25/47/f6.pdf" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/25/47/f6.pdf�, Slavin (1987)  “Ability grouping and student achievement in elementary schools: A best-evidence synthesis,”  as cited in � HYPERLINK "http://72.14.207.104/search?q=cache:_eTI7MtJ4LIJ:www.geniusdenied.com/articles/Record.aspx%3FNavID%3D13_15%26rid%3D11496+%22Ability+Grouping+and+Student+Achievement+in+Elementary+Schools:+A+Best-Evidence+Synthesis%22&hl=en&gl=us&ct=clnk&cd=9" ��http://72.14.207.104/search?q=cache:_eTI7MtJ4LIJ:www.geniusdenied.com/articles/Record.aspx%3FNavID%3D13_15%26rid%3D11496+%22Ability+Grouping+and+Student+Achievement+in+Elementary+Schools:+A+Best-Evidence+Synthesis%22&hl=en&gl=us&ct=clnk&cd=9� and Gentry (1999) “Promoting Student Achievement and Exemplary Classroom Practices Through Cluster  Grouping” � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/11/6d/d4.pdf" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/11/6d/d4.pdf� (achievement scores improved over a 3-year period), and CDE Math Frameworks above.







�Kulik (1992) “� HYPERLINK "http://eric.ed.gov:80/ERICWebPortal/Home.portal?_nfpb=true&eric_viewStyle=list&NARROWdescriptor_lb=Ability+Grouping%2CGrouping+%28Instructional+Purposes%29%2CAbility+Grouping&NARROWpubDateRangeTo=1993&NARROWkeyword_search=Kulik&ERICExtSearch_Descriptor=%22Ability+Grouping%22&pageSize=10&eric_displayNtriever=true&eric_displayStartCount=1&NARROWpubDateRangeFrom=1992&_pageLabel=RecordDetails&objectId=0900000b801283c5&accno=ED350777" �An Analysis of the Research on Ability Grouping: Historical and Contemporary Perspectives. Research-Based Decision Making Series”�  � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf at page 62" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf at page 62�



(advanced students advanced 4 to 5 months, slower groups advance 2 to 3 months) and Slavin (1988) “Synthesis of research on grouping in elementary and secondary schools,” Educational Leadership, 46(1), at pages 67–76 � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf" �http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf�.  See also Marzano, Pickering , & Pollack (2001) (homogeneous grouping by skill level is effective for math and reading instruction) as cited in � HYPERLINK "http://72.14.207.104/search?q=cache:0H03z_TGwN4J:www.nasponline.org/information/pospaper_ag.html+%22Classroom+Instruction+That+Works:+Research+-Based+Strategies+for+Increasing+Student+Achievement+%22+homogeneous&hl=en&gl=us&ct=clnk&cd=1" ��http://72.14.207.104/search?q=cache:0H03z_TGwN4J:www.nasponline.org/information/pospaper_ag.html+%22Classroom+Instruction+That+Works:+Research+-Based+Strategies+for+Increasing+Student+Achievement+%22+homogeneous&hl=en&gl=us&ct=clnk&cd=1�.







� Tieso (2002) “The effects of grouping and curricular practices on intermediate students' math achievement,” � HYPERLINK "http://www.gifted.uconn.edu/nrcgt/tieso.html" ��http://www.gifted.uconn.edu/nrcgt/tieso.html�  (math).



 



� Kulik (1993) “An analysis of the research on ability grouping”   � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/25/47/f6.pdf" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/25/47/f6.pdf�.  See also Kulik (1992)  “� HYPERLINK "http://eric.ed.gov:80/ERICWebPortal/Home.portal?_nfpb=true&eric_viewStyle=list&NARROWdescriptor_lb=Ability+Grouping%2CGrouping+%28Instructional+Purposes%29%2CAbility+Grouping&NARROWpubDateRangeTo=1993&NARROWkeyword_search=Kulik&ERICExtSearch_Descriptor=%22Ability+Grouping%22&pageSize=10&eric_displayNtriever=true&eric_displayStartCount=1&NARROWpubDateRangeFrom=1992&_pageLabel=RecordDetails&objectId=0900000b801283c5&accno=ED350777" �An Analysis of the Research on Ability Grouping: Historical and Contemporary Perspectives. Research-Based Decision Making Series”�  � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf�,  Slavin (1987) “Ability grouping and student achievement in elementary schools: A best-evidence synthesis,”  as cited in � HYPERLINK "http://72.14.207.104/search?q=cache:_eTI7 MtJ4LIJ:www.geniusdenied.com/articles/Record.aspx%3FNavID%3D13_15%26rid%3D11496+%22Ability+Grouping+and+Student+Achievement+in+Elementary+Schools:+A+Best-Evidence+Synthesis%22&hl=en&gl=us&ct=clnk&cd=9" ��http://72.14.207.104/search?q=cache:_eTI7 MtJ4LIJ:www.geniusdenied.com/articles/Record.aspx%3FNavID%3D13_15%26rid%3D11496+%22Ability+Grouping+and+Student+Achievement+in+Elementary+Schools:+A+Best-Evidence+Synthesis%22&hl=en&gl=us&ct=clnk&cd=9� and  Gentry (1999) Promoting Student Achievement and Exemplary Classroom Practices Through Cluster  Grouping” � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/11/6d/d4.pdf" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/11/6d/d4.pdf�.







� The American Institutes for Research (AIR) used strict scientific criteria to evaluate the quality and effectiveness of 22 widely adopted comprehensive elementary school reform models (November 2005).  � HYPERLINK "http://www.csrq.org/CSRQreportselementaryschoolreport.asp" ��http://www.csrq.org/CSRQreportselementaryschoolreport.asp�.    







� � HYPERLINK "http://www.jponline.com/why-whatisDI.html" �http://www.jponline.com/why-whatisDI.html�.   







�  � HYPERLINK "http://www.darkwing/uoregon/edu/~adiep/ft/abt.htm" ��www.darkwing/uoregon/edu/~adiep/ft/abt.htm�, � HYPERLINK "http://www.darkwing/uoregon/edu/~adiep/ft/grossen.htm" ��www.darkwing/uoregon/edu/~adiep/ft/grossen.htm�, and � HYPERLINK "http://www.darkwing/uoregon/edu/~adiep/ft/watkins.htm" ��www.darkwing/uoregon/edu/~adiep/ft/watkins.htm�.







� � HYPERLINK "http://www.successforall.net/faqs/index.htm" ��http://www.successforall.net/faqs/index.htm�, Question 9.







� See footnotes 1, 5, 6, and 7 above.







� “Menlo Park City School District Mathematics Program Recommendations” (May 2003) � HYPERLINK "http://www.mpcsd.k12.ca.us/pdf/mathreport.pdf" ��http://www.mpcsd.k12.ca.us/pdf/mathreport.pdf�.







� “Continuous Progress Math Program – Los Altos School District” (March 2005).







� Interviews conducted in Fall 2005 through Spring 2006 with teachers and board members.







� Rogers (1999) “Research Synthesis on Gifted Provisions” � HYPERLINK "http://www.austega.com/gifted/articles/Rogers_researchsynthesis.htm" ��http://www.austega.com/gifted/articles/Rogers_researchsynthesis.htm�.



See also Arlin and Westbury (1976) (researchers found teachers teaching to the 23rd percentile) as cited in � HYPERLINK "http://www.gt-cybersource.org/Record.aspx?NavID=2_0&rid=11395" ��http://www.gt-cybersource.org/Record.aspx?NavID=2_0&rid=11395�.







� Harlen & Malcom (1997) as cited in � HYPERLINK "http://tagparents.org/grouping.html" ��http://tagparents.org/grouping.html�.



� Newton, MA math survey. � HYPERLINK "http://users.rcn.com/simondolan/Cross-Group%20Survey%20Tables.pdf" ��http://users.rcn.com/simondolan/Cross-Group%20Survey%20Tables.pdf�. 



� See footnote 22.







� Delcourt (1994) “Evaluation of the Effects of Programming Arrangements on Student Learning Outcomes” � HYPERLINK "http://www.gifted.uconn.edu/nrcgt/delcloyd.html" ��http://www.gifted.uconn.edu/nrcgt/delcloyd.html�.   See also Feldhusen (1989) as cited in � HYPERLINK "http://ericec.org/digests/e607.html" ��http://ericec.org/digests/e607.html�,



Kulik (1992) “� HYPERLINK "http://eric.ed.gov:80/ERICWebPortal/Home.portal?_nfpb=true&eric_viewStyle=list&NARROWdescriptor_lb=Ability+Grouping%2CGrouping+%28Instructional+Purposes%29%2CAbility+Grouping&NARROWpubDateRangeTo=1993&NARROWkeyword_search=Kulik&ERICExtSearch_Descriptor=%22Ability+Grouping%22&pageSize=10&eric_displayNtriever=true&eric_displayStartCount=1&NARROWpubDateRangeFrom=1992&_pageLabel=RecordDetails&objectId=0900000b801283c5&accno=ED350777" �An Analysis of the Research on Ability Grouping: Historical and Contemporary Perspectives. Research-Based Decision Making Series”�  � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf�, Allan (1991) as cited in � HYPERLINK "http://ericec.org/digests/e607.html" ��http://ericec.org/digests/e607.html�, Fiedler, Lange, & Winebrenner (1993) as cited in � HYPERLINK "http://ericec.org/digests/e607.html" ��http://ericec.org/digests/e607.html�,



 Rogers (1993) “Grouping the Gifted and Talented: Questions and Answers”,  � HYPERLINK "http://www.gt-cybersource.org/Record.aspx?NavID=2_0&rid=11395" ��http://www.gt-cybersource.org/Record.aspx?NavID=2_0&rid=11395� and as cited in � HYPERLINK "http://ericec.org/digests/e607.html" ��http://ericec.org/digests/e607.html�, and Hoover, Sayler, & Feldhusen (1993) as cited in � HYPERLINK "http://ericec.org/digests/e607.html" ��http://ericec.org/digests/e607.html� (which document the benefits of keeping gifted students together in their areas of greatest strength for at least part of the school day). 



� � HYPERLINK "http://www.nasponline.org/information/pospaper_ag.html" �http://www.nasponline.org/information/pospaper_ag.html�.



� Kulik (1992) “� HYPERLINK "http://eric.ed.gov:80/ERICWebPortal/Home.portal?_nfpb=true&eric_viewStyle=list&NARROWdescriptor_lb=Ability+Grouping%2CGrouping+%28Instructional+Purposes%29%2CAbility+Grouping&NARROWpubDateRangeTo=1993&NARROWkeyword_search=Kulik&ERICExtSearch_Descriptor=%22Ability+Grouping%22&pageSize=10&eric_displayNtriever=true&eric_displayStartCount=1&NARROWpubDateRangeFrom=1992&_pageLabel=RecordDetails&objectId=0900000b801283c5&accno=ED350777" �An Analysis of the Research on Ability Grouping: Historical and ontemporary Perspectives. Research-Based Decision Making Series”� � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf� at page 45.







� Kulik  (1992) “An Analysis of the Research on Ability Grouping” � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf at page 6" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/23/26/08.pdf at page 6�.  See also Tieso (2002) “The effects of grouping and curricular practices on intermediate students' math achievement,” � HYPERLINK "http://www.gifted.uconn.edu/nrcgt/tieso.html" ��http://www.gifted.uconn.edu/nrcgt/tieso.html� , and Page and Keith (1996) “The Elephant in the Classroom”  � HYPERLINK "http://72.14.207.104/search?q=cache:wN6Yc4WnghUJ:www.geniusdenied.com/articles/Record.aspx%3FNavID%3D13_15%26rid%3D12301+%22Findings+on+Grouping+Are+Often+Distorted:+Response+to+Allan.%22&hl=en&gl=us&ct=clnk&cd=6" ��http://72.14.207.104/search?q=cache:wN6Yc4WnghUJ:www.geniusdenied.com/articles/Record.aspx%3FNavID%3D13_15%26rid%3D12301+%22Findings+on+Grouping+Are+Often+Distorted:+Response+to+Allan.%22&hl=en&gl=us&ct=clnk&cd=6�.







� Kulik (1993)  “An analysis of the research on ability grouping”  � HYPERLINK "http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/25/47/f6.pdf" ��http://eric.ed.gov/ERICDocs/data/ericdocs2/content_storage_01/0000000b/80/25/47/f6.pdf�.  See also  Tieso (2003)  � HYPERLINK "http://www.gt-cybersource.org/Record.aspx?NavID=2_0&rid=13012" ��http://www.gt-cybersource.org/Record.aspx?NavID=2_0&rid=13012� and Tieso (2002) “The effects of grouping and curricular practices on intermediate students' math achievement,” � HYPERLINK "http://www.gifted.uconn.edu/nrcgt/tieso.html" \t "_blank" �http://www.gifted.uconn.edu/nrcgt/tieso.html�  (abstract).  See also the results of the world’s largest education study, the Department of Education’s Project Follow Through, which identified Direct Instruction with its ability groupings as the model most effective at breaking the cycle of poverty. In addition to being the most successful at helping children gain basic skills, it concluded that models like it “produced better results on tests of self-confidence than did other models.” Models based on constructivist curricula that were supposed to boost self-opinion reduced it. � HYPERLINK "http://www.darkwing.uoregon.edu/~adiep/ft/watkins.htm" ��www.darkwing.uoregon.edu/~adiep/ft/watkins.htm� and � HYPERLINK "http://psych.athabascau.ca/html/387/OpenModules/Engelmann/EngelmannDI.shtml" �http://psych.athabascau.ca/html/387/OpenModules/Engelmann/EngelmannDI.shtml�.
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�  “A Nation at Risk” ( “Our goal must be to develop the talents of all to their fullest. Attaining that goal requires that we expect and assist all students to work to the limits of their capabilities. We should expect schools to have genuinely high standards rather than minimum ones.”) (1983) � HYPERLINK "http://www.ed.gov/pubs/NatAtRisk/risk.html" ��http://www.ed.gov/pubs/NatAtRisk/risk.html� and “National Excellence: A Case for Developing America’s Talent” Secretary of Education Richard W. Riley (noted a "quiet crisis" in the education of top students, pointing out that "these students have special needs that are seldom met," and warning that "our neglect of these students makes it impossible for Americans to compete in a global economy demanding their skills") (1993) � HYPERLINK "http://www.ed.gov/pubs/DevTalent/intro.html" ��http://www.ed.gov/pubs/DevTalent/intro.html�.
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Texas Instruments Incorporated 


      
 
October 12, 2006 


Ms Jennifer Graban 
Deputy for Research and External Affairs 
National Math Panel 
400 Maryland Avenue SW 
Washington, DC  20202 
 
Dear Ms. Graban: 


Texas Instruments (TI) is pleased and honored to have the opportunity to submit our 
comments to the National Math Panel (NMP).  As an educational business and a 
technology company, we applaud the NMP’s mission to advance the teaching and 
learning of mathematics.  In addition to our written comments, we would appreciate the 
opportunity to address the NMP in person at the November meeting.  We look forward to 
serving as a resource for the NMP and helping further its goals and achievements. 


In this document we want initially to acquaint the NMP with our company, its history, its 
experience in efforts to improve education, and investments of our money, our people, 
and our time in specific educational technology products that we belive offer promise in 
mathematics education. 


We also specifically want to describe our experience and the lessons we have learned in 
three discrete areas.  We have, over the years, reviewed available research and begun 
more scientific research about which we will report briefly to you.  Based upon results we 
have observed in these areas we will offer suggestions for what we believe works.  We 
urge you to review all the available research to explore what is known and proven in 
these areas and to encourage additional research, if needed, to test and generate stronger 
evidence about them. 


First, we will share the general lessons we have learned from years of experience in 
working to improve math education.  We believe strongly in a “systems approach” to 
reform and recommend scientific research to further evaluate this approach. 


Second, we will discuss our efforts in promoting the Finding Common Ground team and 
its work.  We recommend that the NMP focus much of its work on identifying solid 
research that supports their agreements. 


Finally, we will discuss TI’s involvement with graphing technology, the promise we 
believe it holds as an essential element of math education, initial research behind 
graphing calculators, and our own support of additional rigorous research to provide the 
strongest evidence for use of this promising technology. 
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TI has a 75-year history of innovation.  While our business portfolio has changed over the 
years, we have always been a company of engineers and scientists with a strong 
commitment to education.  TI has over 35,000 employees worldwide.  We are a global 
company, and most of our employees and manufacturing are located in the United States.  
Last year, the company had revenues of $13.4 billion, the majority from our 
semiconductor business where our focus is enabling communications and entertainment 
with digital signal processing, analog, and Digital Light Processing (DLP®) solutions.  
TI’s business other than semiconductors is Educational and Productivity Solutions, 
known for over two decades for producing educational tools, including graphing 
calculators and teacher professional development for middle and high school 
mathematics and science educators and students.   


TI’s commitment to math and science education started with the company’s founders and 
remains stronger than ever today.  TI believes in investing in education in order to have 
the talent base needed to continue our legacy of innovation.  An example of the founder’s 
education commitment is beginning what later became the University of Texas at Dallas 
in 1961 to help supply the North Texas region and the company with master’s level 
graduates in engineering.   


From our involvement in education public policy at the local, state and national levels, it 
became clear that in order to support long-term industry growth and improve our 
competitiveness in a worldwide marketplace it was imperative that we invest in earlier 
stages along the K-12 education pipeline.  Additionally, TI has learned the importance of 
taking a systemic approach to education issues:  identifying a specific issue to address, 
partnering with other stakeholders to share investment and benefits, and developing and 
implementing a systemic solution.  One example is TI’s involvement in early childhood 
education that began with a 1990 partnership with the local Head Start and university 
administration.  The partnership established the Margaret Cone Center to provide 
education, health and social services to disadvantaged children.  Students’ performance 
was longitudinally measured, and study students performed ahead of their peers 
throughout elementary school.  The program was replicated in 1995 by establishing the 
Jerry R. Junkins Head Start Center, and TI’s efforts and supporting data influenced 
statewide and nationwide initiatives in early childhood education.  


TI’s education business’s mission is to improve math achievement for all students by 
fostering quality instruction in mathematics education.  Our goal and commitment is to 
provide products, programs and services for math teaching and learning that can be 
components of an effective educational system in the classroom for teachers and students.  
We understand that our graphing technology products are not a stand-alone solution; 
rather we believe that they can be an effective component of a coherent system when 
used appropriately.  We want teachers and education leaders to view us as an essential 
partner in improving the mathematics performance of all students. 
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INTRODUCTION 


What follows is a careful, detailed attempt on our part to provide the NMP our views 
pertaining to the issues we believe you should consider.  These views are based on our 
experiences, review of available research, and lessons learned.  We understand that they 
are not grounded in scientific research, though, in certain circumstances, significant 
research, some of which we are sponsoring, is underway.  We would be pleased to report 
results of further research as it is completed. 


The key point we want to make, however, is that to achieve and sustain student 
performance improvement, we have learned that key elements of the mathematics 
education system must be addressed in a coherent, integrated way, and there is no 
“silver bullet” focused on a single system element. 


We understand there is not fully developed scientific research to prove this hypothesis; 
rather, it is an observation from decades of experience and involvement in the field.  Our 
hope is that you will uncover and publish, if it exists, scientific evidence on the 
proposition that systemic reform is necessary as well as the proven components of a 
comprehensive system that will effectively deliver mathematics education and improve 
student mathematics performance.  If such scientific research does not currently exist, we 
strongly recommend that the NMP make such research a matter of the highest priority in 
its conclusions and report. 


Page: 4 
Significant funds are invested in mathematics programs at the local, state, and federal 
levels of government.  Without a research-based definition of effective mathematics 
education systems, these investments will remain below par and generally ineffective in 
creating any broad-scale improvement in U.S. students’ math performance.  The federal 
government is in a unique position to build the infrastructure of policy, technical 
assistance, and funding to scale and to sustain improvement in math education.  But, to be 
successful, such efforts must be based on solid research. 
 
Finally, in this section, we will describe a systematic effort we have begun with the 
Richardson Independent School District (RISD), in Richardson, Texas, to implement a 
series of interventions to decrease the achievement gap in middle school mathematics.  
This project is intended to demonstrate a systems approach to solving an important 
problem.  The initial findings and preliminary research are reported.  We are conducting 
longer term, more significant research on these strategies, which we hope to report to the 
NMP at a later date. 
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LESSONS LEARNED ABOUT INCREASING STUDENTS’ 
MATHEMATICAL COMPETENCE 


We believe that the following principles are critical and would benefit from the NMP’s 
scrutiny of existing and further research. 


What Students Need to Learn to Succeed 
in Algebra and Higher Mathematics 


Mathematics is a subject where skills build one upon another.  Any gap in knowledge has 
the potential of creating a situation where students are not prepared to acquire the 
competences need to be successful in algebra and in higher levels of mathematics. 


Students learn more and deeper mathematics when conceptual, strategic, 
procedural, and calculation aspects are presented as complementary. 


The success of the Singapore mathematics curriculum shows the fruitfulness of uniting 
all aspects of mathematics.  In the US, when struggling students focus only on the 
calculation, they are too often deprived of opportunity to learn the conceptual and 
strategic aspects of mathematics and cannot proceed to the proficient level that is our 
national goal for all children.  Concepts and strategies are needed for proficiency with 
procedures and calculations, and the procedures and calculations are needed for 
proficiency with strategies and concepts.  


Students need automatic recall of basic number facts, and should be able to  
use the basic algorithms of whole number arithmetic, and understand  


the number meaning of fractions to be prepared for algebra. 


In Reaching for Common Ground in K-12 Mathematics Education  (Ball, D. L., Ferrini-
Mundy, J., Kilpatrick, J., Milgram, R.J., Schmid, W., & Schaar, R. Notices of the 
American Mathematical Society, 52(9) ( 2005), 1055 – 1058,) the specifics of what PreK-
8 students need to master in several specific areas are suggested:   


Basic number facts:  “Certain procedures and algorithms in mathematics are so basic 
and have such wide application that they should be practiced to the point of 
automaticity.”  Students must know their basic addition and multiplication facts both as a 
vital life skill and as a building block for future mathematics learning.  If students have to 
stop and research the answers to basic computational questions, they cannot possibly be 
efficient in the tasks of problem solving or doing more complex mathematical problems. 


Learning basic algorithms of whole number arithmetic:  Students need to be able to 
use these algorithms as well as understand how and why they work.  “Because they 
embody the structure of the base-ten number system, studying them can reinforce 
students’ understanding of the place value system.”  In addition, these algorithms and the 
understanding of their inner workings can serve as a valuable early work in the path to 
the generalizations of algebra. 


Page 5 







Fractions:  “Understanding the number meaning of fractions is critical.”  Without the 
proper understanding of fractions, decimals, percentages, and proportions cannot be 
understood.  In addition to the understanding of fractions, the arithmetic of fractions and 
rational numbers in general are another step in being prepared for algebra. 


These three concepts need also to be put in the framework of the five strands of 
mathematical understanding as developed in Adding It Up (Kilpatrick, J., Swafford, J. 
and Findell, B. (Eds.).  Adding It Up: Helping Children Learn Mathematics, Washington, 
DC: National Academy Press, 2001.)  Rote memorization without thinking in terms of 
these principles will not get students where they need to be. 


Procedural fluency - skill in carrying out procedures flexibly, accurately, 
efficiently, and appropriately – is what many assume is the final point in the 
mathematics learning process. 


 
Conceptual understanding - comprehension of mathematical concepts, 
operations, and relations – is what must happen to get to the next step. 


 
Strategic competence - ability to formulate, represent, and solve mathematical 
problems – is critical for students as their progress through school and life. 


 
Adaptive reasoning - capacity for logical thought, reflection, explanation, and 
justification – is a major byproduct of a mathematical education. 


 
Productive disposition - habitual inclination to see mathematics as sensible, 
useful, and worthwhile, coupled with a belief in diligence and one’s own efficacy 
– gives students the confidence to go on to high mathematics and other science 
and technology courses. 


 
These five strands match with the five strands of the Singapore mathematics program 
which is one of the most successful in the world today:  Procedural fluency is equivalent 
to skills; conceptual understanding, to concepts; strategic competence, to metacognition; 
adaptive reason, to processes, and productive disposition, to attitudes. 


Algebraic reasoning, including symbols and generalization, needs to be introduced 
in grades K-8 to ensure students are fully prepared to be successful in Algebra I. 


There is significant work going on in the specific area of algebraic reasoning as a 
prerequisite for a rigorous algebra course.  The Algebra Group Report at the Finding 
Common Ground Meeting, Indianapolis, IN, March, 2006 (Bressoud, D., Bryant, C., 
Carter, J., Forman, S., Papick, I., Tucker, A., and Wu, H., http://www.maa.org/common-
ground/iupui/algebra-report.html) details several recommendations in this area. 


The key is starting to teach ideas of generalization and symbols much earlier than we do 
today in many circumstances.  The understanding of whole number arithmetic needs to be 
reinforced through mathematical explanations of algorithms and their natural 
generalization.  Use of generality and symbols can be developed through rational 
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numbers and the operations on them.  Linear relations, linear functions, and their graphs 
can be introduced, and their relationships can be explored.  The use of well-structured 
patterns can help students build their capacity for generalization along with students’ 
ability to explain their generalization process. 


How Students Learn Math 


TI has been privileged to be a long-term partner in efforts to improve mathematics 
learning.  Research findings and extensive practical experience encourage our 
commitment to create research-based technologies that give educators a powerful 
resource for improving mathematics learning.  Yet, our perspective on mathematics 
education is necessarily broader than technology.  Our experience as a partner with 
educators and schools makes it clear to us that teaching practice, curriculum, and 
assessment are profound drivers of a whole system approach to improving mathematics 
learning.  Technology, curriculum, pedagogy, and assessment improvement each can and 
should be driven by application of learning principles arising from scientific research. 


 
We believe there are two basic principles about mathematics learning.  On one hand, 
most children learn some mathematics without much effort. For example, most 
preschoolers readily learn simple concepts about number and simple procedures for using 
numbers (e.g. counting) from their parents.  On the other hand, school-age children find 
much of mathematics increasingly difficult, frustrating, and alienating.  Learning 
principles must seek to build upon the strengths all students bring to mathematics and 
overcome the obstacles that many students face as mathematics increases in complexity 
and conceptual difficulty. 


Students learn more when tasks stay within the cognitive load and  
developmental capabilities appropriate for their level. 


All people have limits to how much complexity they can tackle at once.  Students cannot 
be expected to learn when they are overwhelmed by complexity occurring at different 
levels of mathematical challenge.  Hence, instruction should seek to offload non-essential 
cognitive tasks so students can focus.  Likewise instruction should provide structure (or 
“scaffolding”) for more advanced aspects of the mathematics so students can succeed 
with the task at their level. 


Another important set of limits comes from the fact that students are still developing full 
adult cognitive abilities as they progress through school.  Developmental considerations 
give any description of an “ideal learning environment” a different shape in elementary, 
middle and high school.  At the extremes, concrete manipulatives are especially 
appropriate in kindergarten and more abstract tools for graphing curves are especially 
valuable for learning calculus.  Students can begin learning concepts that lead to algebra 
in elementary school and progress towards mastery of algebra in high school however 
resources must be designed differently at each development stage to support this. 
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Students learn more when mathematics is expressed in multiple representations. 


We believe that more students learn more mathematics when both linguistic and 
graphical representations are available and are considered together.  For example, many 
middle and high school students find graphs of algebraic functions to be an important 
complement to algebraic symbols.  Other important representations in middle and high 
school include tables, physical manipulatives, technology-based simulations and models. 


Students learn more when effective formative assessment is used to adjust 
instruction to their individual needs. 


Providing students with appropriate feedback leads to more learning.  Good feedback 
should go beyond “right” or “wrong.”  It should let students know what the right answer 
is (eventually).  Feedback should guide improvements to student work and guide the 
teacher in planning, adapting, and differentiating instruction.  For example, the teacher 
can adjust the pace as well as the content of instruction based upon formative assessment 
data.  When feedback is implemented well, students also gain by increasing their ability 
to self-correct. 


Students learn more when active engagement is  
encouraged and structured by the teacher. 


We find that students learn more when teachers establish norms and structure for active 
engagement by all students in doing, discussing, and reflecting on mathematics.  Active 
engagement occurs at individual, group, and full classroom levels.  For example, 
individual students are engaged when they have meaningful mathematics to do during 
class and for homework.  Likewise, collaborative and peer-assisted instruction can 
engage students in mathematical communication, argumentation and reflection.  For peer 
learning to work, teachers must provide structure that guides students to help each other 
effectively, to build on each other’s ideas and work together productively.  In a full class 
setting, teachers set the expectation that all students can learn by providing direct 
instruction and organizing classroom discussions so that all students engage in doing, 
thinking, and reflecting on mathematics. 
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Design, Role, Application and Alignment of State Standards 


Sound implementation of state standards with aligned curriculum and  
assessment creates a platform for improved student math performance. 


Curriculum standards provide the foundation for what mathematics students should know 
and be able to do within a given grade level.  The basis of what is taught frames the 
activities and methods that teachers select to use with students and drives the assessments 
given in the classroom.  State standards provide the framework for instruction and 
assessment within a state and many states continue to revise standards to reflect the key 
areas of focus in a grade level.  Districts use standards to align instruction, curriculum 
and assessments.  They write benchmark assessments, aligned to state standards, to have 
a better indication of how students will perform on the state assessments given within 
grades 3-8 and at the high school level.  With each revision of assessments, districts work 
to ensure the alignment of the state standards to the instruments used to measure the 
effectiveness of the instructional process.  Improvements in student learning depend on 
how well assessment, curriculum, and instruction are aligned and reinforce a common set 
of learning goals and on whether instruction shifts in response to the information gained 
from assessments. 


Curriculum coherence is critical. 


Improving student learning relies on a coherent curriculum that includes the intentions of 
the standards and the content and skills to be taught and learned.  The need for specificity 
within state standards has also caused organizations such as the National Council of 
Teachers of Mathematics (NCTM) to create new documents like the Curriculum Focal 
Points for Pre-kindergarten through Grade 8 Mathematics that provide additional clarity 
to NCTM standards.  Coherence is important to avoid a mathematics system that is a 
“mile wide and an inch deep”. 


Standards need to be aligned with college and workplace demands. 


National projects have been funded to evaluate state standards against college readiness 
indicators to determine if students will be prepared for college and the workplace.  The 
American Diploma Project (Achieve, 2004) sought to validate whether state standards at 
the K-12 level prepared students for the high level mathematics required by universities 
as measured by assessments such as the ACT® and SAT®.  To enable our students to be 
college and work-ready, schools must prepare students for the mathematics content they 
will encounter in the workplace, in high tech jobs, and at the university level.  While 
students may not enter the university setting directly following graduation, they may in 
future years, and they deserve the opportunity to be ready for college level mathematics 
courses without having to participate in remedial or preparatory courses. 
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Role and Design of Systems Delivering Instruction/Instructional  


Practices, Programs and Materials 
 


Education is an interconnected system, including the policies, infrastructure and practices 
for creating programs, delivering instruction, and adopting instructional materials and 
other tools for learning.  While students are the central focus of any educational system, 
instructional practices and the quality and capacity of the teachers are the interface 
between the system and the student.  This section addresses the key elements of the 
mathematics education system, their relation to student achievement, and strategies for 
leveraging them to improve mathematical understanding for all students. 


Systemic interventions are required to improve student mathematics  
performance; a systems approach is needed to change  


results of mathematics education. 


Because education operates in a system, making changes should focus on systemic 
interventions.  The fundamental principle of systemic intervention is that, for an 
innovation to be effective, sustained and brought to scale, a coordinated set of targeted, 
proven practices must be brought together as an intervention.  This approach aligns 
factors such as curriculum, assessment, instruction, and capacity of educators at every 
level of the system.   


While no one method or program will be “the way” to achieve successful reform, 
researchers offer a relatively similar set of design characteristics necessary for successful 
efforts to improve mathematics teaching and learning.  Key findings suggest that those 
elements most strongly related to above average mathematics performance are similar to 
the list below: 


• Sound administrative practices 
• Aligned curriculum 
• Ongoing assessment 
• Teacher knowledge 
• Effective materials 
• Teacher professional development 
• End of year analysis 
 
(Carnine, D. The Ten Components of High Achieving, High Poverty School. Unpublished 
manuscript, University of Oregon, 2002) 
 
We have found some ways to make these school changes happen:  outside expertise is 
brought to the school/staff; inside expertise such as reading coaches, grade level coaches, 
or research-based program implementation is increased systematically; adequate support 
(personnel, time, materials, mentoring, etc.) is provided; guidance is in place in the form 
of clear targets and deadlines, supervision, monthly data meetings, and public sharing of 
results to create a sense of accountability.  
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Comprehensive and coherent efforts must act on all parts of the  
system simultaneously to effect change in the system. 


Because mathematics education is a system, all of the system’s key elements need to be 
addressed for an intervention to achieve improved student performance in mathematics.  
Rather than concentrating on one specific strategy such as aligning curriculum with 
standards, working on instructional improvement or working with failing students in 
special programs, schools have to approach reform comprehensively.  Those that educate 
all students at high levels address multiple factors, such as school culture, academic rigor, 
academic support, teacher preparedness, availability of resources, and time-on-learning.  
In addition to being comprehensive, effective interventions integrate efforts into a 
coherent math education experience for students:  Curriculum is deeply aligned with state 
learning standards as is ongoing classroom formative assessment and end-of-year 
summative assessment. 


Leadership is critical to successful systemic efforts to  
improve mathematics teaching and learning. 


Strong leadership is essential to implement and sustain mathematics education 
improvement and for effective change to take hold.  Leaders need to put structure in place 
to enable reform to secure and maintain resources that continue to support the vision they 
have of effective mathematics teaching and learning.  They need to improve local 
capacity to select and implement best practices and to build the leadership and 
capabilities to achieve and sustain the results.  


Professional Development 


Effective professional development will lead to improved student achievement. 


We have found that effective professional development typically: 


• is focused on content 
• is situated in sites of practice-what teachers do in the act of teaching 
• takes place within a learning community or network-is collaborative 
• is supported by qualified professionals in and outside of the school environment, and 
• provides opportunities for long-term sustained work 
 
We belive the most effective professional development programs reflect a programmatic 
design, conceptualized and implemented as an overall entity not as a laundry list of 
offerings. 


Effective professional development will improve instructional practices  
in the classroom and make a difference in how teachers teach. 


The teacher is the mediator between the content and student understanding.  What 
teachers do makes a difference in what students learn; effective teaching causes learning 
to take place.  This suggests there is a connection between how teachers teach and student 
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achievement.  Thus, whether students are working in groups, alone or taking part in 
whole class activities, the questions teachers ask, the kinds of tasks they pose, the way 
they manage discussions of the mathematics will have an impact on the mathematics 
students learn.  Teachers must respond to student questions by providing guidance but not 
scaffolding a problem until it is reduced to a trivial response  


Effective professional development will improve teachers’ mathematical  
knowledge for teaching and deepen their knowledge of mathematics. 


Considerable documentation exists about the fragile knowledge base of teachers of 
mathematics, at both the elementary and secondary grades.  Emerging evidence suggests 
that teacher mathematical knowledge in the U.S. is not deep when compared to teachers 
at comparable levels in other countries.  We have found that the type of mathematical 
knowledge needed in teaching differs from the mathematics that teachers typically learn 
in preservice mathematics courses.  From another perspective, the main finding of 
analyses of Trends in International Mathematics and Science Study (TIMSS) was that the 
U.S. mathematics curriculum, especially in the middle grades, was less challenging and 
less coherent than the curriculum in high achieving countries around the world (Schmidt 
& McKnight, 1997).  This might in fact, be partially due to the tenuous knowledge base 
of many middle school teachers, who often shape the implemented curriculum in terms of 
their own understandings. 


Emerging evidence supports the fact that increasing teachers’ knowledge of the 
mathematics they teach will lead to increased student achievement. 


The Classroom System:  Integrating Instruction, Curriculum, and Assessment 


Within a systemic mathematics education improvement initiative, it is important to 
permanently improve what is happening in the classroom.  Assuming teacher content 
knowledge has been addressed through professional development, we see the integration 
of these three components in the Carnine research model having great student 
improvement impact in the classroom:  effective instructional practices, aligned 
curriculum, and ongoing assessment.  From our experience applying evidence-based 
practices, the highest-performing classrooms are led by teachers with deep content 
knowledge who use effective and engaging instructional practices, and who integrate 
ongoing assessment with their instruction and modify their instruction based on 
individual student needs. 


Integrating ongoing formative assessment with effective instruction and aligned 
curriculum improves teachers’ understanding of student learning needs. 


Teachers need to define what students know and do not know in order to develop 
instructional interventions that meet students’ needs.  This is an intentional process, and 
assessments need to serve as both providers of information for decision making and as 
teaching tools. 
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The use of pre-lesson diagnostic assessment helps teachers determine student need in 
order to expand or compact a unit of study based on student readiness with a given 
concept or set of skills.  


Formative, or during-the-lesson assessment, has become increasingly important and 
teachers can utilize technology to capture students’ understanding.  Effective systems 
employ methods that allow teachers to collect data real-time on student understanding 
without having to wait for the results of homework or tests.  The use of technology can 
make student thinking more visible to teachers and help teachers refine their instructional 
approach throughout each daily lesson. 


Integration of assessment into instruction allows students  
the opportunity to learn through self-correction. 


Real-time assessment also leads to increased levels of student accountability, and engages 
students in a more active role in their learning.  In our work, teachers comment that 
students spend more time working with mathematical problems, are able to course correct 
faster and retain information when they use technology that enables the teacher to give 
them immediate feedback and allow for student discussion.  
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DEMONSTRATION PROJECT TO APPLY LESSONS LEARNED 
SYSTEMATICALLY  


 


TI applied these lessons, along with available research, in an initiative with the 
Richardson Independent School District (RISD) to decrease the achievement gap in 
middle school math. 


Improving Student Achievement by Applying Research, Promising Practices and 
Experience: Richardson ISD/TI Initiative to Decrease the Achievement  


Gap in Middle School Mathematics 


In 2004, the RISD and TI entered into a partnership to decrease the achievement gap in 
middle school mathematics and increase student achievement.  Relying upon the lessons 
described above, we sought to incorporate the following elements as the basis for the 
intervention design: 


1. Sound administrative practices 
2. Aligned curriculum 
3. Ongoing assessment 
4. Immediate intervention for students experiencing academic difficulty 
5. Increased and effective use of instructional time 
6. Teacher knowledge of mathematics content 
7. Effective instructional materials and teaching techniques 
8. Differentiated instruction to meet student needs 
9. Focused professional development 
10. End-of-year analysis of student performance 
 


Experts in mathematics instruction and research conducted surveys and performed 
analysis to customize the components found in this study and adapt them to create an 
intervention for the RISD system.  Teacher content knowledge of mathematics was 
assessed by using the Learning of Mathematics Teaching (LMT), developed by Dr. 
Deborah Ball and her colleagues from the University of Michigan. 


The RISD/TI intervention identified and addressed the key components of the overall 
mathematics education system by:  


• relying on mathematics teaching methods for which there was some evidence of 
success 


• increasing teacher training on both mathematics content and technology, 
• increasing instructional time and collaboration between teachers, 
• closely aligning common assessments and curriculum, and 
• implementing technology in a way that increases student engagement and gives 


teachers real-time feedback on which mathematics concepts their students have 
mastered and those concepts the teachers need to spend more time on that students 
don’t yet understand. 
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After one year of implementation, the RISD pilot intervention successfully increased 
mathematics achievement and decreased the achievement gap among at-risk students who 
participated in the program. 


Students increased their achievement on the 2006 Texas Assessment of Knowledge and 
Skills (TAKS) significantly.  One-third (33 percent) of students who participated in the 
intervention and had failed the 2005 TAKS mathematics exam successfully passed the 
2006 TAKS test.  


Other results include: 
• Independent evaluation research showed a large effect size and a 33 percent pass rate 


on the TAKS vs. a 19 percent pass rate in a comparison group. 
 
• Study students consistently performed above average during the entire 2005-2006 


academic year. Those who participated in the intervention showed continual 
improvements on benchmark assessment exams given throughout the year.  And, 
their final results on the TAKS were also above average. 


 
• The large gains by students in the study narrowed the gap between at-risk students 


and majority students. 
 
• The intervention contributed to RISD moving from acceptable to recognized under 


the Texas accountability rating system, and both the district and the participating 
middle school met Adequate Yearly Progress (AYP) in 2005-2006 under the No 
Child Left Behind rating system. 


 
Equally important beyond one-year assessment measures, the intervention was also 
successful in addressing the key factors that contribute to student achievement and in 
growing the district’s capacity to sustain these improvements: 


• The RISD teachers reported professional development allowed them to increase their 
content knowledge, improve their teaching techniques and effectiveness.  


 
• Alignment between the curriculum students were learning and the assessments used 


to measure performance was strengthened.  
 


• TI’s classroom learning network technology helped increase student participation and 
engagement. Teachers reported fewer behavioral problems; students spent more time 
working through problems, and were able to realize corrections more quickly. 


 
• The RISD leadership at all levels, from the superintendent to the classroom teacher, 


provided an incredible support system essential to the program’s success. 
 
As a result of this promising first year experience, RISD is now working with TI to 
replicate the model in more schools and more grade levels, and we are working with 
additional districts in Texas, Ohio, and Florida to further bring the model to scale.  We 
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intend to conduct deeper research into this systematic model and will report findings to 
the NMP.  In the meantime, we invite the NMP to review the initial independent research 
reports, which are enclosed. 
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INTRODUCTION 


While we at TI obviously place a lot of importance on our review of available research 
and our experience and the lessons we have drawn from them, we have been concerned 
about the lack of rigorous, scientific research in the field of mathematics education.  To 
respond to this issue, we have taken several steps.  First, we have more aggressively 
sought better research and are now beginning to sponsor it directly.  Second, we are 
pleased about the formation of this NMP and offer our help to you in any way.  Third, we 
decided it was important to help bring both sides of “the math war” together to discover 
where there was common ground in K-12 mathematics education. 


Again, we do not suggest there is scientific proof for all of the findings of the Finding 
Common Ground (FCG) team.  Rather, we believe that when mathematicians and 
mathematics educators who have disagreed in the past come together around key 
principles – there may be important lessons in this common ground. 


We are submitting the paper this team produced.  We urge you to review it and to search 
for current research that addresses its principles.  To the extent that further scientific 
research would prove these principles or – importantly – flesh them out in more specific 
ways that would be valuable to teachers, we strongly recommend that the NMP call for 
such research as a matter of the highest priority. 


The FCG team was born out of conversations between Richard Schaar and James 
Milgram.  Schaar, a former President of the Educational and Productivity Solutions 
business at TI and a mathematician, had been active in NCTM, MAA and AMS.  
Milgram, a professor of mathematics at Stanford, had been active in Mathematically 
Correct, an organization that was involved in K-12 education, principally in California.  
These two experienced men, coming with different approaches, found much about which 
they agreed. 


They concluded that if a few experienced, knowledgeable scholars on both sides and the 
middle of the conflict met in an informal setting, there might be some significant 
common ground. 


Schaar and Milgram discussed the idea with stakeholders, and then formed the team, 
consisting of Schaar, Milgram, Deborah Loewenberg Ball, Joan Ferrini-Mundy, Jeremy 
Kilpatrick, and Wilfried Schmid.  After a series of meetings, exploring key topics, the 
team produced the document which follows.  The team continues to explore fruitful paths 
to continue the process.  We are particularly pleased in this spirit of finding common 
ground by the recent publication from the NCTM of its Focal Points document. 
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REACHING FOR COMMON GROUND IN 
K-12 MATHEMATICS EDUCATION 


Deborah Loewenberg Ball, Joan Ferrini-Mundy, Jeremy Kilpatrick, 
R. James Milgram, Wilfried Schmid, Richard Schaar 


Over the past decade, much debate has arisen between mathematicians and 
mathematics educators.  These debates have significantly distracted the attention of 
key players at all levels, and have impeded efforts to improve mathematics learning in 
this country.  This document represents an attempt to identify a preliminary list of 
positions on which many may be able to agree. 


Our effort arose out of discussions between Richard Schaar and major players in both 
communities.  He suspected that some of these disagreements might be more matters 
of language and lack of communication than representative of fundamental 
differences of view.  To test this idea, he convened a small group of mathematicians 
and mathematics educators.1


We tried to bring clarity to key perspectives on K-12 mathematics education. W e 
began by exploring typical “flashpoint” topics and probed our own positions on each 
of these to determine whether and where we agreed or disagreed.  For the first 
meeting, held in December 2004, we began with summary statements drawn from 
prior exchanges among the members of our group.  We affirmed some agreements in 
this meeting, and “discovered” others.  We listened closely to one another, frequently 
asking for clarification, or for examples.  We tested our understanding of others’ 
points of view by proposing statements that we then examined collectively.  We 
drafted this document as a group, composing actual text as we worked.  One of us 
typed, and our emerging draft was projected onto a screen in the meeting room.  The 
process enabled us to take issue with particular words and terms, and then reshape 
them until all of us were satisfied.  We were forced to look closely at our own 
language and to seek common ground, not only in the terms we used, but even in their 
nuanced meaning. 


This document was completed at our second meeting, in June 2005.  All of us are 
encouraged by the extent of our agreements.  The document treats only a subset of the 
controversial issues, many of which arise in K-8 mathematics.  We expect to continue 
the process by examining a wider range of major issues hi mathematics education. 
We have necessarily limited ourselves to questions depending primarily on 
disciplinary judgment, as opposed to those requiring empirical evidence. 


We begin with three fundamental assertions and continue with a list of areas in which 
we found common ground.  For each, we have written a short paragraph that captures 
the fundamental points of our agreement.  Our next step is to explore how others 
respond to the document, and to use their responses to decide how best to make 
progress on the aims of this project.  Our goal is to forge new alliances, across 


                                                 
1 We are grateful to the National Science Foundation and Texas Instruments Inc. for 
funding this portion of our work. 
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communities, necessary to develop effective solutions to the serious problems that 
plague mathematics education in this country. 


Fundamental Premises 


All students must have a solid grounding in mathematics to function effectively in 
today’s world.  The need to improve the learning of traditionally underserved groups 
of students is widely recognized; efforts to do so must continue.  Students in the top 
quartile are underserved in different ways; attention to improving the quality of their 
learning opportunities is equally important.  Expectations for all groups of students 
must be raised. By the time they leave high school, a majority of students should have 
studied calculus. 


1. Basic skills with numbers continue to be vitally important for a variety of 
everyday uses.  They also provide crucial foundation for the higher-level mathematics 
essential for success in the workplace which must now also be part of a basic 
education.  Although there may have been a time when being to able to perform 
extensive paper-and-pencil computations mechanically was sufficient to function in 
the workplace. this is no longer true.  Consequently, today’s students need 
proficiency with computational procedures.  Proficiency, as we use the term, includes 
both computational fluency and understanding of the underlying mathematical ideas 
and principles.2


2. Mathematics requires careful reasoning about precisely defined objects and 
concepts.  Mathematics is communicated by means of a powerful language whose 
vocabulary must be learned.  The ability to reason about and justify mathematical 
statements is fundamental, as is the ability to use terms and notation with appropriate 
degrees of precision.  By precision, we mean the use of terms and symbols, consistent 
with mathematical definitions, in ways appropriate for students at particular grade 
levels.  We do not mean formality for formality’s sake. 


3. Students must, be able to formulate and solve problems.  Mathematical problem 
solving includes being able to (a) develop a clear understanding of the problem that is 
being posed; (b) translate the problem from everyday language into a precise 
mathematical question; (c) choose and use appropriate methods to answer the 
question; (d) interpret and evaluate the solution in terms of the original problem, and 
(e) understand that not all questions admit mathematical solutions and recognize 
problems that cannot be solved mathematically. 


Areas of Agreement 


Discussions of the following items are often riddled with difficulties in 
communication, making it sometimes confusing to determine whether and how much 
disagreement. exists.  Issues also arise from a confounding of a mathematical idea 
with its implementation in the classroom.  For example, the fact that algorithms have 
often been taught badly does not imply that algorithms themselves are bad.  We 
worked to clarify issues and terms and arrived at statements with which we agreed. 


                                                 
2 Kilpatrick, J., Swafford, J. and Findell, B. (Eds.). Adding It Up: Helping Children. Learn 


Mathematics, Washington, DC: National Academy Press, 2001. 
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A. Automatic recall of basic facts:  Certain procedures and algorithms in 
mathematics are so basic and have such wide application that they should be 
practiced to the point of automaticity.  Computational fluency in whole number 
arithmetic is vital.  Crucial ingredients of computational fluency are efficiency and 
accuracy.  Ultimately, fluency requires automatic recall of basic number facts: by 
basic number facts, we mean addition and multiplication combinations of integers 0 - 
10. This goal can be accomplished using a variety of instructional methods. 


B. Calculators:  Calculators can have a useful role even in the lower grades, but they 
must be used carefully, so as not to impede the acquisition of fluency with basic facts 
and computational procedures.  Inappropriate use of calculators may also interfere 
with students’ understanding of the meaning of fractions and their ability to compute 
with fractions.  Along the same lines, graphing calculators can enhance students’ 
understanding of functions, but students must develop a sound idea of what graphs 
are and how to use them independently of the use of a graphing calculator. 


C. Learning algorithms:  Students should be able to use the basic algorithms of 
whole number arithmetic fluently, and they should understand how and why the 
algorithms work.  Fluent use and understanding ought to be developed concurrently. 
These basic algorithms were a major intellectual accomplishment.  Because they 
embody the structure of the base-ten number system. studying them can reinforce 
students’ understanding of the place value system. 


More generally, an algorithm is a systematic procedure involving mathematical 
operations that uses a finite number of steps to produce a definite answer.  An 
algorithm can be implemented in different ways; different recording methods for the 
same algorithm do not constitute different algorithms.  The idea of an algorithm is 
fundamental in mathematics.  Studying algorithms beyond those of whole number 
arithmetic provides opportunities for students to appreciate the diversity and 
importance of algorithms.  Examples include constructing the bisector of an angle; 
solving two linear equations in two unknowns; calculating the square root of a 
number by a succession of dividing and averaging. 


D. Fractions:  Understanding the number meaning of fractions is critical. Ratios, 
proportions, and percentages cannot be properly understood without fractions.  The 
arithmetic of fractions is important as a foundation for algebra. 


E. Teaching mathematics in “real world” contexts: It can be helpful to motivate and 
introduce mathematical ideas through applied problems.  How-ever, this approach 
should not be elevated to a general principle.  If all school mathematics is taught 
using real world problems, then some important topics may not receive adequate 
attention.  Teachers must choose contexts with care.  They need to manage the use of 
real-world problems or mathematical applications in ways that focus students’ 
attention on the mathematical ideas that the problems are intended to develop. 


F. Instructional methods:  Some have suggested the exclusive use of small groups or 
discovery learning at the expense of direct instruction in teaching mathematics. 
Students can learn effectively via a mixture of direct instruction, structured 
investigation, and open exploration.  Decisions about what is better taught through 
direct instruction and what might be better taught by structuring explorations for 
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students should be made on the basis of the particular mathematics, the goals for 
learning, and the students’ present skills and knowledge.  For example, mathematical 
conventions and definitions should not be taught by pure discovery.  Correct 
mathematical understanding and conclusions are the responsibility of the teacher. 
Making good decisions about the appropriate pedagogy to use depends on teachers 
having solid knowledge of the subject. 


C. Teacher knowledge:  Teaching mathematics effectively depends on a solid 
understanding of the material.  Teachers must be able to do the mathematics they are 
teaching. but that is not sufficient knowledge for teaching.  Effective teaching 
requires an understanding of the underlying meaning and, justifications for the ideas 
and procedures to be taught, and the ability to make connections among topics.  
Fluency, accuracy, and precision in the use of mathematical terms and symbolic 
notation are also crucial.  Teaching demands knowing appropriate representations for 
a particular mathematical idea, deploying these with precision, and bridging between 
teachers’ and students’ understanding.  It requires judgment about how to reduce 
mathematical complexity and manage precision in ways that make the mathematics 
accessible to students while preserving its integrity. 


Well-designed instructional materials, such as textbooks, teachers’ manuals. and 
software, may provide significant mathematical support. but cannot substitute for 
highly qualified, knowledgeable teachers.  Teachers’ mathematical knowledge must 
be developed through solid initial teacher preparation and ongoing, systematic 
professional learning opportunities. 
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THE USE OF GRAPHING CALCULATORS IN 
MATHEMATICS EDUCATION 
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INTRODUCTION 


As mentioned previously, TI has been active for over two decades in developing 
educational technology, included the graphing calculator.  Educational and Productivity 
Solutions within TI now principally produces graphing calculators and teacher 
professional development for middle and high school mathematics and science educators 
and students. 


We want to provide the NMP with research that is relevant to the graphing calculator, 
including a recent Empirical Education, Incorporated (EEI) meta-analysis of eight 
individual research studies specific to graphing calculator use.  Further, we are 
sponsoring with EEI a three-year randomized controlled trial study to provide additional 
evidence.  We believe and recommend that graphing technology can be a constructive 
and valuable element of well-designed systems to improve mathematics education.  We 
encourage the NMP to look at all available evidence on graphing calculators.  Further, we 
support additional research to add to the evidence that supports this recommendation. 


TI’s Involvement in Graphing Calculators 


Our products 
Our education technology products include graphing calculators for middle school and 
high school.  Graphing calculators have been widely adopted: they are required on state 
exams in nine states and strongly recommended/recommended or permitted in 28 states.  
Approximately four million graphing calculators are purchased each year by students and 
schools, with many students using them throughout their high school careers.  


In 2004, we added a complementary classroom network and formative assessment 
solution for our graphing calculators, the TI-Navigator®.  TI-Navigator is now in several 
thousand math classrooms across the U.S.  The TI-Navigator’s formative assessment 
tools provide educators with immediate feedback on student understanding and enhance 
classroom engagement and interaction.  During TI-Navigator’s development, a guiding 
component was an SRI conducted analysis of 26 empirical research studies that identified 
effective practices related to improved student achievement, engagement, and interest.  
We believe using effective practices as the foundation for our product development 
increases the probability they will add more value to a successful teaching and learning 
process.   


Teacher Professional Development 
We supplement our products with professional development provided by Teachers 
Teaching with Technology (T3), an organization of approximately 300 math and science 
educators.  T3 has delivered training on the effective use of graphing calculators for more 
than 20 years, reaching more than 100,000 teachers.  We have found professional 
development to be an essential component for teachers to realize the full benefits 
technology enables in the classroom by integrating technology with strong mathematics 
content knowledge and sound instructional and assessment practices. 
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TI uses research to drive improvements to the T3 professional development offering.  The 
Institute for Advancement of Research in Education describes nine central components of 
professional development that lead to better teaching: 


(1) addresses student-learning needs,  
(2) incorporates hands-on technology use,  
(3) is job-embedded,  
(4) has application to specific curricula,  
(5) addresses knowledge, skills, and beliefs,  
(6) occurs over time,  
(7) occurs with colleagues,  
(8) provides technical assistance and support to teachers, and  
(9) incorporates evaluation. 
 
Based on these findings, we have modified the T3 programs and services to ensure that 
the majority of our professional development offerings are research-based.  


Content 
We also work with publishers and authors to offer standards-aligned content for teacher’s 
use with our products.  To address specific math student achievement goals, we work 
with districts and major programs in intervention design to define and customize 
professional development, content, and assessment to meet the unique needs of each 
educator. 


Effectiveness Research – Results and In-Progress 


Research results 
We have asked the NMP to carefully review graphing technology effectiveness research.  
We recently retained EEI to complete a review of existing independent research on 
graphing calculators.  Following is a top-level summary of their attached report: 


A meta-analysis of eight individual studies specific to graphing calculator use found a 
large pooled effect size (.85) that is statistically significant  This systemic review 
addressed the impact of graphing calculator use on student achievement and found strong 
evidence that student use of graphing calculators increased performance in algebra.   


Research in-progress 
Beyond commissioning the review of the existing independent effectiveness research on 
graphing calculators, TI also retained EEI to conduct a three year randomized controlled 
trial study to determine the effectiveness of the use of graphing calculators, TI-Navigator 
and professional development in Algebra 1.  The study is being conducted in two school 
districts in California and the final report will be available in early 2007.   
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Commitment to research 
Applications of research defined above are examples of how we use research as a 
strategic and critical element in the development of our products and programs.  We 
advocate for definition and funding of research needed to address areas that have minimal 
to no research.   Recognizing that our products, programs and services can be more 
effective as a component of a comprehensive system that improves student achievement, 
we elevated our research commitment to include new systemic initiatives like the 
RISD/TI partnership.   


Additional Findings and Expert Opinions on Math Learning Technology 
 
In addition to the above effectiveness research, one area of agreement in the Reaching for 
Common Ground in K-8 Mathematics Education document (included in a previous 
section in these comments) addressed the use of graphing calculators in math education:  


Calculators:  Calculators can have a useful role even in the lower grades, but they must 
be used carefully, so as not to impede the acquisition of fluency with basic facts and 
computational procedures.  Inappropriate use of calculators may also interfere with 
students' understanding of the meaning of fractions and their ability to compute with 
fractions.  Along the same lines, graphing calculators can enhance students' 
understanding of functions, but students must develop a sound idea of what graphs are 
and how to use them independently of the use of a graphing calculator.  (Reaching for 
Common Ground in K-12 Mathematics Education, 2005) 
 
The 2001 National Center of Educational Statistics (NCES) report on the National 
Assessment of Educational Progress (NAEP) further supports the appropriate use of 
graphing calculators in secondary mathematics education in the following excerpt: 
 


Eighth-graders whose teachers reported that calculators were used almost every day 
scored highest.  Weekly use was also associated with higher average scores than less 
frequent use.  In addition, teachers who permitted unrestricted use of calculators and 
those who permitted calculator use on tests had eighth-graders with higher average 
scores than did teachers who did not indicate such use of calculators in their 
classrooms. 


Further analysis has found that association between frequent graphing calculator use and 
high achievement holds for both richer and poorer students, for both girls and boys, for 
varied students with varied race and ethnicity, and across states with varied policies and 
curricula. 


TI supports these positions and statements on the appropriate use of calculators in 
mathematics education.   
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CONCLUSION 
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We believe the NMP’s work on these three recommendations, the systems approach, the 
Finding Common Ground work and graphing technology can move the country forward 
toward systemic and sustainable improved student mathematics performance. 


My staff will follow up with you regarding further actions.  Of course, please feel free to 
contact me personally at (972) 917-4662. 


 
Sincerely, 
 
 
 


 
Melendy Lovett 
President, Educational & Productivity Solutions 
Senior Vice President, Texas Instruments 
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Executive Summary


In this report we systematically review research that examines the effect of calculator use, including 


the graphing calculator, on K–12 students’ mathematics achievement. Our goal was to determine whether 


there is scientific evidence of effectiveness of graphing calculator use on students’ mathematics learning. 


A thorough review of the research literature and a careful examination of the methods used narrowed our 


selection of reports to those that used acceptable methods and adequately reported quantitative findings. 


We summarize a total of 13 studies. For four of these studies, which address the impact of graphing 


calculators specifically on algebra achievement, we conducted a meta-analysis, yielding evidence of a 


strong effect of the technology.


Selection of Qualified Research


 To support the emphasis of the No Child Left Behind Act of 2001 (NCLB) on teaching methods with 


evidence of effectiveness, the U.S. Department of Education established the What Works Clearinghouse 


(WWC) in 2002. The clearinghouse has established the WWC Study Review Standards, which research 


studies must pass to be included in their reviews. Our work on this review makes use of a study-screening 


and classification procedure that closely parallels the one used by the WWC. These criteria were the 


following:


• The research should assess the effect of calculator (scientific and graphic) use on mathematics  


 achievement.


• The research should be experimental (randomized control or quasi-experimental). The research  


 should be analyzed quantitatively and provide information for calculating effect sizes.


• The research should be conducted in elementary to secondary schools (K–12) levels.


• The research should be published within the past 20 years, i.e., since 1985.


• The research paper should be accessible.


The search led to six published research papers and seven unpublished dissertations. The following 


list provides the author, publication date, sample student grade levels and mathematics topics covered by 


the studies. 


1. Ruthven, K. (1990) Upper secondary students in England.  Symbolization and interpretation.  . 


2. Graham, A.T., and Thomas, M. O. J. (2000) Year 9 and 10 students in New Zealand.  Algebra 


3. Thompson, D. R., and Senk, S.L. (2001) Grades 10 and 11 in Chicago.  Second-year algebra 


4. Hollar, J. C., and Norwood, K. (1999) University freshmen in U.S.  Intermediate algebra 


5. Autin, N. P. (2001) Grade 12 students in U.S. Trigonometry  


6. Drottar, John F. (1998) Grades 10, 11, and 12 U.S.  Algebra II 


7. Rodgers, K. V. (1995) Algebra II class students U.S.  Quadratic equations 


8. Wilkins, C. W. (1995) Grade 8 students in U.S.  Factoring quadratic equations 


9. Szetela, W., and Super, D. (1987) Grade 7 students in Canada.  Translation process and complex  


 problems 


10. Loyd, B. H. (1991) Grades 8, 9, and 10 in U.S.  Subsets of 4 different item types 


11. Liu, S. (1993) Grade 5 students in Taiwan.  Mathematics computation problem-solving ability 







12. Ellerman, T. B. (1998) Grades 7 and 8 students in U.S.  Mathematics concepts and applications 


13. Glover, M. A. (1991) Grades 5, 6, 7, and 8 students with Learning Disabilities, U.S. Computation 


and problem solving


Meta-analysis of Graphing Calculator Impact on Algebra Achievement


 A meta-analysis gives us a way of combining the impact of multiple studies to arrive at a single 


estimate of the impact. Impact is expressed as an effect size, which uses the metric of the standard 


deviation.  


A meta-analysis requires that the studies being combined be studies of the same or closely related 


educational problems or interventions.  First, studies are selected that address similar problems based 


on researcher judgment.  Second, a statistical test of homogeneity is used to verify that the studies 


have reasonably similar effect sizes.  Since our initial focus of the review was on graphing calculators, 


we restricted the meta-analysis to these studies.  There are four published research papers and four 


unpublished dissertations that investigated the effect of graphing calculators. Among these studies, 


the researchers measured the impact on a variety of skills and abilities, most commonly on algebra. 


We judged that four of the studies that met the inclusion criteria measured the effect of using graphing 


calculators on algebra skills. Our meta-analysis addresses these studies only. Two of the studies report 


two separate effect sizes. We treated these as separate outcomes, so we worked with six outcomes in the 


meta-analysis.


We computed standard errors for the effect sizes. We then carried out a statistical test of homogeneity 


to determine that the studies can reasonably be described as sharing a common effect size . The point 


estimates for the effect sizes for the six results are displayed in the figure below. 


Each point estimate is centered on its 95% confidence interval. The rightmost confidence interval 


represents the result for the pooled estimate, which has an effect size of .85 and a 95% confidence 


interval that does not contain zero. This result gives us strong evidence that the use of graphing 


calculators is associated with better performance in algebra.  
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Effectiveness of Graphing Calculators  
in K-12 Mathematics Achievement:  


A Systematic Review


The objective of this report is to systematically review the research that examines the effect of 


calculator use, including the graphing calculator, on K–12 students’ mathematics achievement. Our goal 


was to determine whether there is scientific evidence of effectiveness of graphing calculator use on 


students’ mathematics learning. A thorough review of the research literature and a careful examination 


of the methods used narrowed our selection of reports to those that used acceptable methods and 


adequately reported quantitative findings. We summarize a total of 13 studies. For four of these studies, 


which address the impact of graphing calculators specifically on algebra achievement, we conducted a 


meta-analysis, yielding evidence of a strong effect of the technology.


Selection of Qualified Research


Policymakers in education have been duly concerned about the undersupply of mathematicians and 


scientists who are critical for global economic leadership and innovation. The No Child Left Behind Act of 


2001 (NCLB) was a major effort to improve proficiency of K–12 students through strong accountability for 


results and an emphasis on teaching methods that have been shown to work through scientifically based 


research. To support NCLB’s emphasis on teaching methods with evidence of effectiveness, the U.S. 


Department of Education’s Institute of Education Sciences established the What Works Clearinghouse 


(WWC) in 2002. The objective of WWC is to facilitate informed decision-making in education. It does 


this by providing a central source for referral by policymakers, educators, researchers, and the public 


on educational interventions (programs, products, practices, and policies) that have been shown to 


improve student outcomes. Although it does not endorse  particular interventions, the clearinghouse has 


established the WWC Study Review Standards, which research studies must pass to be included in their 


reviews. 


Our work on this review makes use of a study-screening and classification procedure that closely 


parallels the one used by the WWC. The WWC reviews a study in three stages:


• Stage 1: Screening for relevance. 


• Stage 2: Determination of whether a study provides strong evidence of causal validity, weaker  


 evidence of causal validity, or insufficient evidence of causal validity.  


• Stage 3: Review of other important study characteristics.


The studies for review in this report were selected following the WWC Study Review Standards, 


including the following:


1. The research should assess the effect of calculator (scientific and graphing) use on mathematics  


 achievement. 


2. The research should use randomized control or quasi-experimental methods.  


3. The research should be analyzed quantitatively and provide information for calculating effect   


 sizes. 


4. The research should be conducted in elementary to secondary schools (K–12)  


5. The research should be published within the past 20 years, i.e., since 1985. 


6. The research paper should be accessible.







2 EMPIRICAL EDUCATION REPORTS


The search for appropriate research reports was done at the library at the University of Illinois at 


Urbana-Champaign. Priority was given to published journal articles. The following electronic databases 


were used for the search:


• Educational Resources Information Center (ERIC) 


• PsycInfo 


• WorldCat 


• EBSCO


The references and bibliographies in the research papers that met the above WWC criteria were also 


used as sources for locating other potential research studies. This search led to six published research 


papers and seven unpublished dissertations. The objective of most of these studies was to evaluate 


the benefits of graphing calculators on students’ understanding of a particular topic in algebra. Sample 


student grade levels and mathematics topics covered by the studies are summarized in Table 1. The 


sample sizes and the interventions of these studies are summarized in Table 2. 


Table 1. Sample Student Grade Levels and Mathematics Topics


Student Grades


Upper secondary students
in England


Grades 10 and 11 
in Chicago


University freshmen 
in U.S.


Year 9 and 10 students
in New Zealand


Grade 7 students
in Canada


Grades 8, 9, and 10 
in U.S.


Grade 12 students I 
in U.S.


Grades 10, 11, and 12
in U.S.


Grade 8 students 
in U.S.


Algebra II class students
in U.S.


Grades 5, 6, 7, and 8 students 
with Learning Disabilities, U.,S.


Grades 7 and 8 students
in U.S.


Grade 5 students
in Taiwan
 


Math Topics


Symbolization and interpretation


Second-year algebra


Intermediate algebra


Algebra


Translation process and 
complex problems


Subsets of 4 different 
item types


Trigonometry


Chapter 6 and 7 in Algebra II


Factoring quadratic equations


Quadratic equations


Computation and problem solving


Mathematics concepts and
applications


Mathematics computation 
problem-solving ability


Study


Ruthven, K. (1990)


Thompson, D. R., and
Senk, S.L. (2001)


Hollar, J. C., and 
Norwood, K. (1999)


Graham, A.T., and 
Thomas, M. O. J. (2000)


Szetela, W., and 
Super, D. (1987)


Loyd, B. H. (1991)


Autin, N. P. (2001)


Drottar, J. F. (1998)


Wilkins, C. W. (1995)


Rodgers, K.y V. (1995)


Glover, M.l A. (1991)


Ellerman, T.e B. (1998)


Liu, S.. (1993)
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Study


Ruthven, K. (1990)


Thompson, D .R., and
Senk, S. L. (2001)


Hollar, J. C., and 
Norwood, K. (1999)


Graham, A.T., and 
Thomas, M. O. J. 
(2000)


Szetela, W., and 
Super, D. (1987)


Loyd, B.a H. (1991)


Autin, N. P. (2001)


Drottar, J. F. (1998)


Wilkins, C. W. (1995)


Rodgers, K. V. (1995)


Glover, M.l A. (1991)


Ellerman, T. B. (1998)


Liu, S. (1993)


Intervention


Different teachers in treatment and comparison groups 
but same curriculum. Treatment group with regular 
access to calculators.


UCSMP and regular algebra curriculum. UCSMP 
group with access to graphing calculators. Different 
teachers.


Textbook with graphing calculator activities and 
access to graphing calculator for treatment group vs. 
regular textbook without calculator in control group. 
Different teachers.


“Tapping into Algebra” module with graphing calculator 
in treatment group vs. normal teaching in control 
group. Different teachers.


Problem-solving strategies with calculators (CP), 
problem-solving strategies without calculators (P), and 
no problem-solving strategies and no calculator group 
(C).


Four subsets of items, some favoring calculator use 
and others problematic with calculator use


Researcher and classroom teacher team-taught both 
classes. Same syllabus and textbook except graphing 
calculator use for treatment group.


Both treatment and comparison groups were taught by 
the researcher and used the same UCSMP textbook. 
Graphing calculator to treatment group.


Researcher taught the treatment group; second 
teacher taught control groups. Same textbook but 
treatment group had graphing calculators.


Both classes taught by the same teacher using same 
textbook, content and activities. Calculator group used 
graphing calculators.


Experimental students trained in Math Explorer 
calculator prior to calculator instruction in regular 
class. Control students with no Math Explorer training.


Teachers required to provide calculators to treatment 
group on the day of the test.


Four classes randomly selected as Traditional (T) 
group, Calculator group (C), Problem-solving group 
(P), Calculator plus Problem-solving group (CplusP)


Sample Size


47 in treatment group; 
40 in comparison group


22 and 16 in treatment 
classes vs. 24 and 23 in 
comparison classes


46 in treatment group; 
44 in comparison group


21 in treatment and 21 in 
comparison in each of two 
sets of classes


290 students in 14 classes in 
CP group; 195 in 10 classes 
in P group; 338 in C group


4 groups of 40 examinees, 
70 with calculator, 90 without 


29 in treatment and 29 in 
comparison groups. All male 
students.


22 in treatment and 23 in 
comparison group for first 
part, 19 and 21 in second


75 in treatment group; 24 in 
comparison group


17 in treatment class; 21 in 
comparison class


35 in treatment group; 33 in 
comparison group. Learning- 
disabled students.


579 in treatment group; 491 
in control group


43 in T group; 50 in C group; 
53 in P group; 47 in C plus P 
group


Table 2. Sample Sizes and Interventions 
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Summaries of Research on Graphing Calculators


There were only four published research studies and four unpublished dissertations examining 


the effect of graphing calculators on mathematics achievement. Each of these research studies is 


summarized below.


(1) Ruthven (1990)


K. Ruthven compared the performance of students of upper secondary school mathematics classes 


with graphing calculators to other students who were matched based on similar background and 


curriculum but without graphing calculators used to improve their understanding of algebraic functions. 


Such matched classes were identified in four English secondary schools. Of the two classes in each 


school, students in one class had regular access to graphing calculators (treatment), while students in 


another class did not have access to graphing calculators (comparison). Students were tested on two 


sets of problems—one set consisting of symbolization items (requiring students to write the equation for 


a given graph) and another of interpretation items (requiring students to extract information from a given 


graph).


The Graphic Calculators in Mathematics project in England had enabled each teacher in six small 


groups of classroom teachers to work with at least one class of students with calculators for a two-year 


advanced-level mathematics course. The participating teachers did not have any previous experience with 


graphing calculators. These teachers were not required to follow any prescribed program of calculator 


activities and planned their own classroom work, but met periodically to exchange ideas and review 


progress. Four schools in the project identified classes (comparison group) that were parallel to a project 


class (treatment group), similar in previous attainment and following the same mathematics course, but 


differing only in their access to graphing calculators. In addition to some background information, including 


their mathematics grade in GCSE (an external examination taken before attending the current course), 


a 40-minute test containing 12 graphing items was administered. The resulting sample consisted of 87 


students; 47 were in the treatment group and 40 were in the comparison group. However, 7 students 


in the comparison group who had their own graphing calculators were dropped from the group. Based 


on background information, the two groups were comparable (similar) in their abilities. Scores on 


symbolization and interpretation items on the test administered near the end of the first year of the course 


constituted outcome measures.


Several considerations were taken into account in designing the test. First, the test covered materials 


drawn from two topic areas central to any advanced-level course, where the use of graphs is normal 


practice. Second, the test items were designed to test competencies for which there is no automatic 


graphing calculator procedure. 


At the end of the first year of the two-year advanced-level mathematics course, the students were 


administered a 40-minute test. Of the 12 items in the test, the first 6 were symbolization items and the 


second 6 were interpretation items. 


The covariance analysis of students’ test scores indicated significant treatment effect on symbolization 


items but not on interpretation items. The treatment group outperformed the control group in symbolization 


items, with the effect size of 1.81. Moreover, there was also a significant treatment gender interaction for 


symbolization items. The female students outperformed male students in the treatment group but were 


outperformed by male students in the comparison group.
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(2) Graham and Thomas (2000)


A.T. Graham and M. O. J. Thomas were motivated by the research findings of Tall and Thomas, 


1991, which demonstrated improvements in students’ algebra performance using computer activities. 


Since a graphing calculator is portable and an affordable alternative to computers for many schools, this 


study sought to analyze whether students’ performance in algebra can be significantly improved by using 


graphing calculator activities. The researchers used the “Tapping into Algebra” module—a classroom-


based research program  that uses an experimental design to compare the teaching of the concept of 


‘variables’ in algebra with and without the use of a graphing calculator. The students in the treatment and 


comparison groups were similar in ability and background. The study compared the pretest and posttest 


performances of treatment and comparison groups of students in two schools in New Zealand. The 


tests were designed to measure understanding of the use of letters as specific unknowns, generalized 


numbers, and variables in elementary algebra. The treatment groups significantly outperformed the 


comparison groups on the posttest, even though there were no differences on the pretest.


Although teachers from six New Zealand schools volunteered to take part in this research project, 


comparison groups similar to the treatment groups in ability and background were found only in two 


schools. Of the 147 treatment students in six classes and 42 students in two comparison classes, 118 


were from year 9 (age 13 years) and 71 from year 10 (age 14 years), and covered different ability groups. 


Since comparison classes similar to treatment classes were found in only two schools, the results 


reported here are based on those four classes—two treatment and two comparison classes. Each of 


these classes had 21 students. The students in these classes did not differ much in their abilities based 


on pretest results. The “Tapping into Algebra” module was taught during terms one and two of 1996 


by the classroom teachers, and a graphing calculator was provided to each student in the treatment 


class. The comparison classes received algebra work similar to the treatment group but were taught by 


different teachers using their normal teaching program. The researchers were not present in any of the 


classrooms, and the teachers were encouraged to use their normal teaching approach.


Both the treatment and comparison groups were administered a pretest and posttest based on 


Kuchemann’s (1981) study comprising 68 questions. Students were not given their papers or any answers 


to the questions until after the posttest. Student scores on the posttest constituted the outcome measures 


in this study. The maximum possible score was 68. The outcome measures were compared between the 


treatment and comparison groups separately for each of the two schools with control groups.


The research design for this study can be considered quasi-experimental. The sample students in the 


treatment group were the students in classes of six teachers who volunteered to take part in this research. 


Since comparison groups similar to treatment groups in ability and background were found only in two 


schools, t-tests were used to compare the posttest performance between the treatment and comparison 


groups separately for each of these two schools only. In each school, the treatment group significantly 


outperformed the control group (p<0.05). The posttest scores of the remaining treatment classes in four 


other schools, used as a triangulation group, showed similar gains. The information about the means and 


standard deviations in the pretest and posttest were used to calculate the effect sizes following Chen 


(1994, p.91). The effect size was 0.249 for school A and 0.485 for school B1. The study did not report 


detailed gender information about students. 


1The effect sizes reported here are computed using a method that adjusts for discrepancies in performance between the treatment 
and comparison groups prior to intervention. This yields a more conservative estimate than the commonly used measure of effect 
size, which is based on the posttest only. For purposes of meta-analysis, the more commonly employed estimates are used. For this 
study they are .52 and .91, respectively.
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(3) Thompson and Senk (2001)


D. R. Thompson and S. L. Senk compared student achievement in second-year algebra between the 


University of Chicago School Mathematics Project (UCSMP) classes and comparison classes. 


Participants in the study were recruited through advertisements in UCSMP and NCTM publications. 


A school needed at least four sections of second-year algebra, two UCSMP classes, and two comparison 


classes, and the staff had to promise to keep classes intact for a full year. UCSMP and comparison 


classes were expected to have “similar students who have had the same previous work.” The evaluators 


used a matched-pair design for the study. A pretest measuring entering algebra and geometry knowledge 


was given over two days to assess the proficiency of the students. This pretest developed by UCSMP 


is composed of 46 multiple-choice items. This test was used to match UCSMP and comparison classes 


in the same school. Two well-matched pairs were formed in each school. Even though UCSMP and 


comparison classes were not assigned randomly, the teachers of the two groups of students had 


comparable academic backgrounds  The difference in the pretest score means of the two classes (within 


each pair) was not significant even at p=0.25. Students using UCSMP materials were expected to have 


continual access to graphing technology (calculators or computers). The research design for this study 


can be considered quasi-experimental.


Four schools that participated in the study represented a broad range of educational and 


socioeconomic conditions in the United States. These four schools were one each from Georgia, Illinois, 


Mississippi, and Pennsylvania. In each school, two classes used advanced algebra materials produced 


by the UCSMP, and two other classes used regular textbooks. The texts used in the comparison classes 


and in UCSMP advanced algebra overlap considerably. To eliminate potential teacher selection bias, in 


each school each teacher had to agree to teach either curriculum before assignment. In each school, two 


teachers were assigned to two sections using UCSMP advanced algebra, and the other two teachers 


were assigned to two comparison classes which used the textbook currently in place at the school.  


UCSMP advanced algebra is compatible with a variety of instructional styles. Instead of depending 


primarily on lecture to introduce content, teachers are also asked to pose problems, engage students in 


class discussion, and encourage students to learn to read their textbooks. UCSMP advanced algebra 


and the comparison texts treat technology very differently. The UCSMP developers assume that graphing 


calculators are available for student use at all times. The comparison texts’ authors do not assume that 


any calculators will be used, although optional activities are included for use with scientific calculators. 


A total of 150 students were in the UCSMP classes, and 156 students were in the comparison 


classes. The performance of students is measured in eight pairs of second-year algebra classes that had 


been matched on the basis of pretest scores at the start of the school year. Since only the comparison 


students in the school in Chicago did not own calculators, only the results from this school are considered.  


In this school, one treatment class had 22 students compared to 24 students in its matching comparison 


class. Similarly, another treatment class had 16 students compared to 23 in its matching comparison 


class. 


About two weeks before the end of the school year, teachers administered several instruments, 


including a multiple-choice posttest to assess students’ knowledge of the content of second-year algebra. 


The posttest contained 36 items. However, both UCSMP and comparison teachers at the Chicago school 


reported that their students had the opportunity to learn the needed content only for 26 items, and so a 


test containing these 26 items was called a fair test. The reliability of the fair test was 0.635. Similarly, 
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there were 15 items for which all the teachers in the study indicated that their students had opportunities 


to learn the needed content, and so a test containing these 15 items was called a conservative test. The 


reliability of the conservative test was 0.635.


The results of a matched-pairs t-test indicated significant (p<0.05) differences between two curricula. 


The UCSMP students outperformed comparison students in the fair and conservative test in the Chicago 


school. The USCMP group outperformed the control group in the fair test, and the effect size was 


1.02 in one matched pair of classes and 1.14 in the second matched pair. Similarly, the USCMP group 


outperformed the control group in the conservative test, The effect size was 0.80 in one matched pair of 


classes and 0.82 in the second matched pair. 


(4) Hollar and Norwood (1999)


J.C. Hollar and K. Norwood extended O’Callaghan’s study by comparing students using a graphing 


approach to the curriculum with the aide of TI-82 graphing calculators with students using a traditional 


approach. The function concept in mathematics is one of the most central concepts. O’Callaghan studied 


the effects of the Computer-Intensive Algebra (CIA) curriculum on college algebra students’ understanding 


of the function concept by comparing students using CIA with students using a traditional curriculum. He 


developed a test to assess students’ understanding of functions. Each question on the test was designed 


to assess one of the following aspects of conceptual knowledge:  (1) modeling a real-world situation 


using a function; (2) interpreting a function in terms of a realistic situation; (3) translating among different 


representations of functions; and (4) reification (transitioning from the operational to the structural phase 


of using functions). O’Callaghan (1998) found that CIA students were better than traditional students in 


understanding modeling, interpreting, and translating concepts but no different in reification. The objective 


was to examine the effects of using a graphing approach to the curriculum on each of the four aspects of 


conceptual knowledge of functions. 


The participants in this study were students enrolled in Intermediate Algebra at a large state 


university. These students scored the lowest on the university’s mathematics placement examination. 


Four sections of a semester-long intermediate algebra course taught by two instructors were used in this 


study. Of the two instructors, each taught one treatment and one control class. A sample of 90 students 


participated in this study—46 in the treatment group and 44 in the control group. 


One of the two simultaneous morning sections and one of the two simultaneous afternoon sections 


were selected to use the experimental curriculum. To determine any initial differences among the 


four classes, researchers used ANOVA procedures to compare the classes in terms of  the following 


outcomes: results of the O’Callaghan Function Test pretest, math background (number of previous 


algebra courses); mathematics ability (math SAT scores); and predicted grade-point average in 


mathematics calculated by departmental formula. The analysis indicated that the four classes were 


similar. Similarly, pretest scores indicated no significant differences among the four classes on prior 


knowledge of functions.


The instructors followed the same plan of study, adhering to the course syllabus. From interviews and 


random observations of the classes, the researchers concluded that the instructors were not biased to (in 


favor of) any approach. 


In the treatment group, the college text Intermediate Algebra: A Graphing Approach (Hubbard & 


Robinson, 1995) included calculator activities and was used in conjunction with the TI-82 graphing 


calculator. The text consists of both the graphing calculator activities and traditional algebra work. The 
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students had access to calculators and were able to explore, estimate, and discover graphically and to 


approach problems from a multi-representational perspective. However, the students did not have access 


to calculators for the O’Callaghan Function Test or the traditional final examination. 


In the comparison class, the text Intermediate Algebra: Concepts and Applications, fourth edition 


(Bittinger, Keedy, & Ellenbogon, 1994), was used, and the text covered the same topics as the 


experimental text. The focus of the text was on simplifying and transforming expressions and solving 


equations. The comparison group had no known access to graphing calculators.


The O’Callaghan Function Test was administered without access to calculators, first as the pretest 


at the beginning of the semester and later as a posttest at the end of the semester. Each question on 


the test was designed to assess one of the following aspects of conceptual knowledge: (1) modeling 


a real-world situation; (2) interpreting a function in terms of a realistic situation; (3) translating among 


different representations of functions; and (4) reifying functions. To evaluate students’ traditional algebra 


skills, a departmental final examination consisting of a 50-question test of conventional algebra skills was 


used. The traditional final examination was administered to all four classes during the final week of the 


semester.


MANOVA was used to analyze students’ understanding of the function concept on the four component 


scores and the total score on the O’Callaghan Final Posttest. MANOVA results indicated that the 


treatment classes outperformed the comparison classes in O’Callaghan’s Function Test and also in each 


of the four components of the test. The effect size for the total test was 1.00. The effect sizes for the four 


components are 0.60 for modeling a real-world situation, 0.70 for interpreting a function in terms of a 


realistic situation, 0.64 for translating among different representations of functions, and 5.03 for reifying 


functions.


(5) Autin (2001)


Nancy P. Autin investigated the impact of the use of graphing calculators on both students’ 


understanding of inverse trigonometric functions and on their problem-solving approaches. It is an effort 


to investigate topics for which integrating graphing technology in mathematics teaching is well-suited. 


Students in two 12th-grade trigonometry classes at a large, metropolitan, all-male private high school 


in Louisiana constituted the sample in this study. Each of these students had completed full-year state-


approved courses in algebra I, algebra II, and geometry. One of the two classes involved in this study 


was randomly chosen as the treatment class, and the other as the comparison class. Each of the two 


classes contained 29 students for a total of 58 students: 55 white, 5 black, 2 Vietnamese, and 1 Hispanic. 


The researcher and the classroom teacher team-taught both classes for two weeks, following the same 


syllabus and using the same textbook, except that the treatment class was allowed to use a graphing 


calculator. 


A pretest was administered to measure students’ understanding of the general nature and behavior 


of functions. An F-test indicated no significant difference in pretest scores between the two classes. 


Students’ algebra II grades and ACT math scores were used to further investigate  whether students in 


the two classes had a similar understanding of functions at the beginning of the study. An independent 


samples t-test indicated no significant differences between the classes. A posttest consisting of two parts 


was administered on the final day of instruction. Part 1 consisted of 20 short-answer questions; Part 2 had 


six free-response questions. The six free-response items required students to justify their responses in 


a variety of ways, including through the use of graphs, and algebraic arguments. Scores on the posttest 


were the sum of raw scores in Part 1 and Part 2 of the test. The maximum possible score on the pretest is 
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60, on the posttest Part 1 it is 72, on the posttest Part 2 it is 30, and for the total posttest it is 102. 


Analysis of covariance was used to test for a difference in understanding of inverse trigonometric 


functions at posttest between the treatment and comparison classes. The pretest scores were used as the 


covariate in the study in order to account for preexisting differences that may have existed between the 


intact groups. ANCOVA was chosen since it is considered to be an appropriate procedure for adjusting 


for preexisting differences between two intact groups. Further, ANCOVA, which combines regression and 


analysis of variance, controls for the effects of extraneous variables, and increases the precision of the 


research by reducing error variance (Hinkle, Wirsman, and Jurs, 1998, p. 518). 


F-tests indicated significant differences in the total posttest scores between the treatment and control 


classes. The treatment class significantly outperformed the comparison group in both total posttest 


scores and scores in Part 2 of the posttest. However, there was no significant difference between the two 


classes in Part 1 of the posttest. The effect sizes were 0.64 for Part 1 of the posttest, 1.02 for Part 2 of the 


posttest, and 0.91 for the total posttest.


(6) Drottar (1998)


John F. Drottar compared the impact of graphing calculator on both the overall math performance 


and four particular aspects of student understanding as defined by the University of Chicago School 


Mathematics Project (UCSMP): Skills, Properties, Representations, and Uses. Both the treatment and 


comparison groups were taught by the same teacher following the same curriculum, except that the 


students in the treatment class were allowed to use graphing calculators.


Students from two intact algebra II A-level (with average to above average ability) classes at a four-


year suburban high school in eastern Massachusetts participated in this study. Using the flip of a coin, 


one of the two classes was chosen as the treatment group and the other, as the comparison group. 


Both groups used the UCSMP advanced algebra textbook and were taught by the same teacher (the 


researcher of this study). The content and pacing as well as instructional strategies were the same 


for both classes. The treatment group differed from the control group only in its access to graphing 


calculators (TI-83). Chapters 6 and 7 were covered in the study. To measure performance, for both 


Chapters 6 and 7, Form A was used as a pretest and Form B as a posttest. These chapter tests have 


specific questions relating to each of the four components: skills, properties, uses, and representations. 


The study compared the treatment group with the control group on overall performance and on each of 


the four components.


The treatment group for the first part of the study included 22 students (10 males and 12 females), 


of whom 9 were in grade 10, 10 in grade 11, and 3 in grade 12. Similarly, the comparison group included 


23 students (16 males and 7 females), of whom 13 were in grade 10, 7 in grade 11, and 3 in grade 12. 


Based on t-test results on Chapter 6 pretest scores, the treatment group was not significantly different 


from the comparison group. The issue of ability equivalency between the groups was further explored by 


comparing students’ previous year’s math grades. A t-test indicated no significant difference between the 


two groups in the students’ previous year’s math grades. Some students dropped out of the school in the 


second part of the study when the treatment and control groups were switched for Chapter 7 tests. As a 


result, in the second part of the study, the treatment group included 19 students and the control group, 


21 students. One male Caucasian student in the control group and four students (1 female Caucasian, 2 


male Caucasian, and 1 Hispanic male) in the treatment group dropped out. A t-test on Chapter 7 pretest 


data indicated no significant difference between the two groups. 
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In the first part of the study, students’ performance on the Chapter 6 posttest constituted the outcome 


measure. The test also identifies the questions related to each of the four components of understanding: 


skills, properties, uses, and representations. Similarly, the Chapter 7 posttest performance constituted the 


outcome measure in the second part of the study. The test also identifies the questions related to each of 


the four components of understanding. In each of these chapter posttests, 10, 4, 10, and 4 questions were 


related to skills, properties, uses, and representations, respectively, for a total of 28 questions. 


In the first part of the study based on the Chapter 6 posttest, the treatment group outperformed the 


control group, and the effect size was 0.440. However, the calculated t-statistic of 1.50 for the difference 


was not statistically significant. Of the four components of understanding, the treatment group significantly 


outperformed the control group only in the area of the representations component.


Similarly, in the second part of the study based on the Chapter 7 posttest, the treatment group also 


outperformed the control group, and the effect size was 0.303. However, the calculated t-statistic of 1.05 


for the difference was not statistically significant. Of the four components of understanding, the treatment 


group significantly outperformed the control group only in the area of the skills category.


(7) Rodgers (1995)


Kathy V. Rodgers analyzed the impact of supplementing the traditional algebra II curriculum with 


graphing calculator activities on achievement scores, retention scores, and students’ attitudes towards 


mathematics for average ability students. The students in two intact standard (average ability) algebra II 


classes at a four-year high school in rural western Kentucky are the study participants. Students in these 


classes were of average ability (based on their past performance in math) and were randomly assigned to 


one of the two classes by the school’s computer-scheduling program before the beginning of the classes. 


The same teacher taught both classes, and one of the classes was randomly assigned (by a flip of a coin) 


to be the treatment class and the other to be the comparison class. Both the treatment and control classes 


were taught by the same teacher; the content, examples, assignments, and activities were identical for 


both classes except the treatment class was allowed to use graphing calculators (TI-82). The research 


was focused on the study of quadratic equations.


The treatment class consisted of 17 students; the control class, 21 students. The differences in 


the achievements of these students in the pretest and posttest constituted the dependent variable. A 


maximum score of 100 was possible for both the pretest and posttest. All the problems in the tests could 


be solved without the use of a graphing calculator. Students were required to solve the first three items 


in the tests using the traditional method and display paper-and-pencil calculations, while other items 


could be solved with or without graphing calculators. Treatment and comparison classes were also 


compared separately on their achievement in paper-and-pencil items and other problem-solving items. 


KIRIS (Kentucky Instructional Information System) scores (based on a combination of performance-


based questions and traditional multiple-choice questions) of these students constituted the covariate in 


the analysis of covariance (ANCOVA). The maximum possible score for the paper-and-pencil items as 


well as for problem-solving items in the test was 18. Students’ semester averages from the fall semester 


were also used separately as the covariate in the ANCOVA. The treatment and comparison classes were 


equivalent in terms of their KIRIS scores and also their previous fall semester averages.


This study utilized ANCOVA to test for a difference between pretest and posttest achievement on 


items related to quadratic equations. Students’ KIRIS scores and previous fall semester averages were 


separately used as the covariates. ANCOVA results with KIRIS scores as a covariate indicate that 


supplementing the traditional algebra II curriculum with graphing calculator activities improved overall 
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achievement. The treatment class therefore outperformed the comparison group in overall achievement. 


The effect size of 0.75 indicated that the treatment group outperformed the control group by 0.75 of 


a standard deviation. Similarly, ANCOVA results with students’ previous fall semester averages as 


a covariate indicate that supplementing the traditional algebra II curriculum with graphing calculator 


activities improved overall achievement. The treatment class outperformed the control group in overall 


achievement.


ANCOVA results for the difference scores in paper-and-pencil items between the pretest and 


posttest achievements with KIRIS scores as a covariate indicated that supplementing the traditional 


algebra II curriculum with graphing calculator activities worsened paper-and-pencil achievement. The 


comparison class outperformed the treatment class. The effect size of –1.11 indicated that the control 


group outperformed the control group by 1.11 standard deviations. On the other hand, ANCOVA results for 


difference scores on problem-solving items with KIRIS scores as a covariate indicated that supplementing 


the traditional algebra II curriculum with graphing calculator activities improved achievement on problem-


solving items. The effect size of 6.79 indicated that the treatment group outperformed the comparison 


group by 6.79 standard deviations.


(8) Wilkins (1995)


Cynthia W. Wilkins examined the effect of integrating graphing calculator use into the study of 


factoring in an eighth-grade algebra I program of study. The objectives of the study included investigating 


two research questions: (1) whether students who are taught to factor by using a graphing calculator 


perform significantly better than students taught traditionally without a graphing calculator, and (2) whether 


the effect of graphing calculator use is different between male and female students. Since the National 


Council of Teachers of Mathematics (NCTM) has recommended the use of graphing technology beginning 


in eighth grade at the pre-algebra level of math instruction, this study examined whether the graphing 


calculator was helpful to students at that level.


The sample included eighth-grade students enrolled in two schools in Mississippi. Seventy-five 


students in three classes in a public school constituted the treatment group; 24 students in a class in a 


parochial school constituted the control group. Of the 75 students in the treatment group, 40 were female 


and 35 male. Similarly, of the 24 in the control group, 14 were female and 10 male. The researcher 


taught all three classes in the treatment group, while another teacher taught the comparison group. 


The researcher selected the comparison group teacher based on that teacher’s attitude, teaching style, 


teaching philosophies, and collaborative work experience. The researcher and comparison group teacher 


had different approaches to presenting the unit in factoring. Both teachers used the same textbook, but 


the researcher developed a unit consisting of 10 lessons that integrated the graphing calculator (TI-


81) into her instruction; the textbook was used only as a reference tool. The comparison group teacher 


followed the lesson order and format in the textbook. The comparison group teacher also supplemented 


the text with some additional materials. The researcher trained the comparison-group teacher in factoring 


methods that were used in the treatment group. The comparison group also had access to graphing 


calculators; however, the comparison group teacher as well as all the teachers in his/her school were 


not trained in how to incorporate graphing calculators into the factoring unit, so the risk of experimental 


diffusion was low.


Both the treatment and comparison groups took the same pretest, the Stanford Achievement Test, 


and the same posttest. A panel of experts and an outside evaluator established the content validities of 


the pretest and posttest. No reliability estimates for the pretest and posttest were given. Both groups were 
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given the pretest immediately prior to the five week period devoted to this unit of study. Of the 25 multiple-


choice problems in the pretest, 12 problems in Section A were designed to measure basic factoring skills; 


3 word problems in Section B were designed to measure basic applications of factoring skills; and 10 


problems in Section C were designed to measure concepts and understanding beyond the basic level.


The independent sample t-test indicated a significant difference in prior ability in Section A of the 


pretest (basic factoring) between the treatment and comparison groups but not in Sections B (basic 


applications of factoring skills) and C (concepts and understanding beyond the basic level). The groups 


were also significantly different in prior ability in basic math skills as measured by Stanford Achievement 


Test scores. These scores were used as covariates in the analysis of covariance. The last day of the five-


week study period was used to administer the posttest. The posttest was an alternate form of the pretest.


ANCOVA was used to test for a difference in scores in sections A, B and C of the posttest, with pretest 


scores and Stanford Achievement Test scores used as covariates to account for preexisting differences 


between the intact groups. The results indicated that the treatment and comparison groups differed 


significantly in basic applications of factoring skills (Section B), and concepts and understanding beyond 


the basic level (Section C) but not in basic factoring skills (Section A of the posttest). The treatment 


group outperformed the comparison group in Sections B and C but not in Section A. Since the adjusted 


means were not reported, the effect sizes were based on posttest means and standard deviations. The 


effect sizes were –0.25 in Section A, 0.41 in Section B, and 2.42 in Section C. T-tests also indicated no 


significant differences between male and female students in either the pretest or posttest scores.


Summaries of Research on Non-Graphing Calculators


The National Council of Teachers of Mathematics has recommended the use of graphing technology 


beginning in eighth grade at the pre-algebra level of math instruction. Since the council as early as 1980 


had recommended the use of calculators at all grade levels, this review also included a few studies 


examining the effect of other calculator use on elementary and middle school children’s mathematics 


achievement. One study specifically investigated the effect of calculator use on mathematics achievement 


of students with learning disabilities. Each of these is summarized as follows.


(9) Szetela and Super (1987)


W. Szetela and D. Super compared performance in mathematics for three groups of seventh-grade 


students in British Columbia, Canada. Teachers adopted problem-solving strategies with calculators 


(CP group) with the first group, problem-solving strategies without calculators (P group) with the second 


group, and no problem-solving strategies and no calculators (C group) with the third group. The following 


instruments were used in the study:


• Operations with Whole Numbers Test (PREOP) and Operations with Rational Numbers Test   


 (RAT). Each of these tests was a 40-item multiple-choice test used in British Columbia. The   


 reliability indices were 0.88 for PREOP and 0.91 for RAT.


• Translation Problems Tests (TRAN1 and TRAN2). Each of these tests, which consist of 20  


 translation problems, was constructed and pilot-tested by the authors and was aimed at   


 measuring the performance on elementary school math problems. TRAN1 was administered  


 at midyear and TRAN2 at the end of the year. Reliability indices were 0.75 for TRAN1 and 0.72 for  


 TRAN2. 







EMPIRICAL EDUCATION REPORTS 13


• Process Problem Tests (PROP1 and PROP2). Each of these tests consists of 20 process  


 problems and was constructed and pilot-tested by the authors. Strategies taught in the two  


 problem-solving groups—CP and P—were needed to solve these problems. Reliability indices  


 were 0.78 for PROP1 and 0.77 for PROP2.


• Complex Problems Test (COMP). A four-item test of complex problems was constructed and pilot- 


 tested by the authors to determine whether teaching problem-solving strategies resulted in  


 superior performance in the complex problems than in the translation and process problems.


PREOP was administered at the beginning of the year, TRAN1 and PROP1 were administered 


midyear, and the three tests (TRAN2, PROP2 and COMP) were administered in one sitting at the end 


of the year. The performance data were analyzed by using a partially nested analysis of covariance with 


treatment and sex nested within class. The pretest scores on PREOP were used as the covariate. This 


method of analysis effectively treats the class as the unit of analysis. The CP group scored significantly 


higher than the C group on TRAN1 and TRAN2 tests. 


The study involved a total of 42 classes. Of these, 14 classes with 290 students were in the CP 


group, 10 classes with 195 students in the P group, and 18 classes with 338 students in the C group. 


Although test results were available for 42 classes for the midyear tests, the results for only 36 classes 


were available for the end-of-year tests. Three teachers in the C group, one teacher in the P group, and 


two teachers in the CP group dropped out of the study. Based on the results of a pretest, the three groups 


were not significantly different in their knowledge of whole-number operations.


This study used analysis of covariance with treatment by sex nested within class to analyze test 


score differences between groups. The outcome measures that were collected at the end of the year 


consisted of scores on two tests—TRAN2 and PROP2—which tested translation and process problems, 


respectively. Each test consisted of 20 items. PREOP scores were used as the covariate in the analysis of 


covariance of mathematics achievement data.


The ANCOVA results indicated significant treatment effects for TRAN2 and PROP2. The information 


about the means and standard deviations in the report were used to calculate the effect sizes. Following 


Glass, McGaw, & Smith (1981), the standard deviation of the comparison group was used to calculate the 


effect size. The effect size for TRAN2 between CP and P groups was 0.17 and between CP and C groups 


was 0.374. Similarly, the effect size for PROP between CP and P groups was 0.152 and between CP and 


C groups was 0.434. 


The calculator effect was also compared between gender groups. There were no significant 


differences in TRAN2 and PROP2 scores between boys and girls in each group.


(10) Loyd (1991)


Brenda H. Loyd examined four item types on which performance was expected to vary differentially 


depending on conditions of calculator use. The identification of item subtypes as they relate to calculator 


use could be used to increase predictability of test score results with and without calculator use in a 


standardized testing situation. The study was motivated by previous research that had provided conflicting 


findings about whether using calculators changes the difficulty of mathematics tests or the time needed to 


complete them. 


One hundred and sixty students attending a summer enrichment program at a state university during 


the summer of 1988 participated in this study. Twenty-seven students were 13 years old, 64 were 14 
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years old, 50 were 15 years old, 18 were 16 years old, and 1 was 17 years old. In the group 45% were 


in the eighth grade, 36% were ninth grade, 18% were 10th grade, and 1% was in 11th grade. Of the 160 


students, 69 were boys and 91 female. Ten percent were black, 83% were white, and 7% were of other 


races. Ninety percent of the students owned their own calculators.


The math test administered to students was a composite of four subsets of items. The first subset of 


eight items was developed to favor examinees who were allowed to use calculators. This set included 


items that involved a more difficult level of computation as well as items requiring estimation, for which 


calculators could be used to approximate results. The second subset of eight items was developed as 


items that could be answered using a calculator, but could also be answered without using a calculator. 


These items were designed so that use of a calculator did not provide an advantage over the non-


calculator group. The third subset of eight items required examinees to select the correct strategy or setup 


rather than a numerical answer. For this set of items, the use of a calculator would not be applicable. The 


fourth subset of eight items was more difficult or problematic for those using the calculators. 


Four groups of 40 examinees were administered the 32-item test. Eighteen identical TI-1706 II solar-


powered calculators were available for the study. Within each group, half of the students were allowed 


to use a calculator. Among the students seated for the test, half were randomly selected and assigned 


calculators. The students with calculators were permitted to use them, but there was no requirement that 


the calculator be used. 


To examine whether there was a difference in the performance on the four subsets of items between 


students who were allowed use of the calculator and those who were not, a two-group discriminant 


analysis was used with the group variable consisting of an indicator of calculator use or nonuse. The four 


predictor variables were the scores on the four subsets. A significant discriminant function was followed 


up with t-tests for each subset.


Of the 160 students, 70 were allowed to use a calculator and 90 were not allowed to use a calculator. 


The results of the discriminant analysis indicated that the two groups could be distinguished in terms 


of their performance on the four subsets. The t-tests indicated a significant difference between the two 


groups on the first set of items but not in the other three subsets. The findings of the study support the 


contention that high school students’ performance on math tests is affected by calculator use. The effect 


of calculator use also differs by item types.  


(11) Liu (1993)


Shiang-tung Liu examined the effects of teaching calculator use and problem-solving strategies on 


attitudes towards mathematics, mathematics computation ability, and problem-solving ability of fifth-


grade male and female students in Taiwan. Certain professional organizations, like the National Advisory 


Committee on Mathematics Education (NACOME) and National Council of Teachers of Mathematics 


(NCTM), recommend the use of calculators for instruction, while other researchers like Elliott (1981), 


Higgins (1990), and Suydam (1979) argue against calculator use. This study was an effort to investigate 


whether there were advantages to calculator use in elementary school classrooms. 


The subjects in the study were students in four fifth-grade classes from four schools in Taiwan. Each 


of the four classes was randomly selected and assigned to one of the four treatment groups: traditional, 


calculator use, problem solving, and calculator plus problem solving. Of the four treatment groups, the 


traditional group had 43 students (24 males and 19 females); the calculator group had 50 students (23 
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males and 27 females); the problem-solving group had 53 students (32 males and 21 females); and the 


calculator plus problem-solving group had 47 students (24 males and 23 females). 


Each teacher of the four classes received specific teaching instructions from the researcher. .The 


teachers were asked to maintain the same teaching pace and to give the same amount of practice to 


students. The researcher occasionally visited the classroom of each teacher to observe the progress of 


instruction. The Arlin-Hills Attitude Survey (AHAS), the Test of Prior Computation Skills (TPCS), and the 


Mathematics Problem Solving Ability Scale (MPSAS) were used to examine differences between groups 


in attitude and ability prior to the intervention. 


Students in the calculator use group and calculator plus problem-solving group had access to 


calculators. The teacher in the traditional group was asked to follow a traditional teaching style. The 


teacher in the calculator use group was instructed on how to teach students to use calculators and to 


encourage calculator use in solving problems. The teacher in the problem-solving group was taught 


Polya’s four steps to problem solving and was instructed to have students write down their problem 


solving processes. The instructions given to the teacher of the calculator use group and the teacher of the 


problem-solving group were given to the teacher of the calculator use plus problem-solving group. At the 


end of the nine-week intervention, the students were administered the TCA and posttests of MPSAS and 


AHAS. The students’ scores on these posttest were compared across the four treatment groups. 


Students’ performance on the three posttests—the Arlin-Hills Attitude Survey (AHAS), the Test of 


Computation Ability (TCA), and the Mathematics Problem-Solving Ability Scale (MPSAS)—constituted the 


outcome measures. AHAS measures attitudes towards mathematics, TCA measures computation ability; 


and MPSAS measures problem-solving ability. 


AHAS was developed by Arlin and Hills (1976) to assess fourth-grade to sixth-grade students’ 


attitudes toward mathematics. The AHAS, consisting of 15 questions, was first translated into Chinese, 


and an English teacher was asked to translate this version back into English. Another English teacher was 


asked if the translation was appropriate to make sure the two versions were equivalent. The scores for 


AHAS range from 0 to 15, and the reliability of the pretest Chinese AHAS based on student scores from 


the four groups was 0.88 and that for the posttest was 0.91.


The TPCS consisted of 28 paper-and-pencil items that were used to measure students’ computation 


skills before the intervention. These items were adapted from textbooks, and the scores ranged from 0 to 


28. The reliability for this test was 0.93.


The TCA was designed to measure students’ computational ability at the end of the study. The TCA 


also consisted of 28 items that were adapted by the researcher from students’ textbooks. The scores 


ranged from 0 to 28 and the reliability for the TCA was 0.93.


Similarly, the MPSAS was developed by Liu (1989) to assess the mathematics problem-solving 


abilities of fifth-grade to eighth-grade-level Taiwanese students. There were two forms of this test: A and 


B. Form A had 16 items (64 sub-questions) and Form B had 15 items (64 questions). The scores in each 


form ranged from 0 to 64, and the reliability coefficients for Form B were 0.77 (based on the pretest) and 


0.87 (based on the posttest). 


The pretest scores on the Arlin-Hills Attitude Survey, the Test of Prior Computation Skills,  and the 


Mathematics Problem-Solving Ability Scale constituted baseline data. These scores were used to examine 


differences in ability among the groups prior to the intervention.
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This study utilized a three-factor analysis of covariance to test for differences on the posttest across 


the four treatment groups. This was done separately for each posttest. The three factors consisted of 


treatment status, achievement level, and gender. The researcher ranked the sum of two semesters-worth 


of mathematics scores for each group from highest to lowest and divided them into three achievement 


levels—high, middle and low. If the ANCOVA results indicated significant differences across the four 


treatment groups, then Dunnett’s one-tailed follow-up test was performed to find out which of the groups 


were different from one another.


Based on the F-ratios from the ANCOVA summary table, the mathematics computation scores for the 


groups without calculators (traditional and problem-solving) were not significantly higher than those of 


the calculator use groups (calculator use and calculator use plus problem-solving). This finding indicates 


that calculator use did not hurt students’ computation ability. However, findings indicate that the calculator 


use plus problem-solving instructional approach is likely to be the best of the four teaching methods. In 


addition to comparing posttest scores across the four treatment groups, separate comparisons were also 


made between males and females. The posttest scores were not significantly different between genders. 


(12) Glover (1991)


Michael A. Glover examined the effects of handheld calculator usage on the computation and 


problem-solving achievement of children with learning disabilities in grades five, six, seven, and eight. 


Students with learning disabilities tend to lack computational skills that are foundational at the upper 


elementary and beginning secondary school levels(McLeod and Armstrong, 1982). Therefore, these skills 


were targeted in the intervention.      


All students in this study had been identified by their school district as having a learning disability and 


were attending regular mathematics classes. The treatment group received mathematics instruction with 


calculators. Students in this group used the calculator for all homework, quizzes, and tests in the regular 


math class. They also received instruction in the use of the calculator. The comparison group students 


with learning disabilities attended regular math classes but didn’t have access to calculators.


Students with learning disabilities in a small (2500 students) rural school district in western New York 


participated in this study. They were attending regular mathematics classes. The number of students in 


the treatment group was 8, 9, 8, and 10 in grades five, six, seven, and eight, respectively. Similarly, there 


were 7, 11, 9, and 6 controls in grades five, six, seven, and eight, respectively. Both the treatment and 


comparison group students received assistance from their special education teachers, who accompanied 


them to the regular math classes. The treatment group students were trained in the use of the TI Math 


Explorer calculator prior to the implementation of calculator instruction in the regular class. Throughout 


the project, the special education teacher provided the students with calculator instruction as it pertained 


to the regular mathematics curriculum. The treatment students used the calculator each day during 


classroom math instruction, while the control group students continued to use paper-and-pencil algorithms 


to complete assignments. Both the treatment and control group students received assistance from their 


special education teachers, who accompanied them to the regular math classes.


A 23-item computation test and a 7-item problem-solving test were administered to all students. The 


items tested addition, subtraction, multiplication, and division of integers and fractions. The treatment 


and comparison groups were administered the same test both before and after the intervention. Students 


completed one form of the test using paper and pencil methods and another form using the calculator. 







EMPIRICAL EDUCATION REPORTS 17


The performance of the students in the treatment group was compared to those of the comparison group. 


Mean scores of students on pre- and posttests were compared to measure the effect of intervention. 


Both the treatment and comparison groups scored higher on both the computation and problem-


solving tests when using the calculator than when using pencil and paper methods. Posttest comparisons 


indicated that the treatment group had significantly higher computation scores when using the calculator. 


The treatment groups exhibited greater amounts of growth than the control groups. At each grade level, 


the treatment group outperformed the control group when a calculator was used during posttesting. In 


three of the four treatment groups, the pencil-and-paper posttest scores were higher than the pencil-


and-paper pretest scores. This supports Roberts’ (1980) contention that calculator instruction does not 


harm pencil-and-paper performance, and therefore, the calculator must be introduced early in a child’s 


education.


(13) Ellerman (1998)


Tracie B. Ellerman examined the effects of calculator usage on the mathematics achievement of 


seventh- and eighth-grade students and also students’ and teachers’ attitudes towards mathematics. 


Students from two North Central Louisiana School systems constituted the sample for this study. 


Students’ mathematics achievement was measured by administering California Achievement Tests, 


Fifth Edition, Form A, Level 17 and 18, Mathematics Concepts and Applications section. Level 17 was 


designed for seventh graders and Level 18 for eighth graders. The reliability of the 50-item Level 17 test 


was reported by the test publisher to be 0.77 and that of the Level 18 test was 0.75.


Data for this study were collected during the first semester of the 1997-98 school year. TI-108 


calculators were used. The researcher and the school principal randomly assigned the intact classes into 


treatment or control groups on the day of the test by flipping a coin. Teachers were required to allow the 


use of calculators in the tests for the treatment group, regardless of how well-integrated calculator use 


was in the class. Of 1,070 students, 491 were in the control group and 579 in the treatment group; 446 


were in seventh grade compared to 624 in eighth grade; 525 were black, 534 white, and 11 others Asian 


or Hispanic. Of the 33 teachers involved, 28 were females and 5 were males.


The mean scores of the treatment and comparison groups were examined for differences in the 


number of correct responses in the mathematics concepts and applications section of the CAT. A T-


test indicated that the treatment group outperformed the controls in the number of questions answered 


correctly. This result was statistically significant. The effect size was 0.13. Further, the mean score 


for male students was significantly higher than for females , with an effect size of 0.05. Results of this 


study indicate that calculator usage during assessment has a positive influence on student mathematics 


achievement. Student and teacher survey responses supported calculator usage for both instructional and 


assessment purposes. 
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Causal Validity


The causal validity and other characteristics of the studies reviewed in this report are summarized in 


Table 3 for published research papers and in Table 4 for unpublished dissertations. 


Table 3. Causal Validity and Other Study Characteristics: Published Research Papers


Table 4. Causal Validity and Other Study Characteristics: Unpublished Dissertations


Study


 


Ruthven, K. (1990)


Thompson, D. R., and
Senk, S. L. (2001)


Hollar, J. C., and 
Norwood, K. (1999)


Graham, A.T., and 
Thomas, M.O. J. (2000)


Szetela, W., and 
Super, D. (1987)


Loyd, B. H. (1991)


Causal
Validity


Y


Y


Y


Y


Y


N (Not an acceptable design.)


Intervention 
Fidelity


Outcome
Measured


People, 
Settings & 


Timing


Testing
within SG


Statistical
Reporting


Note: Y = Meets WWC evidence standards with reservations; N = Does not meet WWC evidence standards


 ● = Fully meets criteria;      = Meets minimum criteria;      = Does not meet criteria


 


Analysis


Study


 


Autin, N. P. (2001)


Drottar, J. F. (1998)


Wilkins, C. W. (1995)


Rodgers, K. V. (1995)


Glover, M.l A. (1991)


Ellerman, T. B. (1998)


Liu, S. (1993)


Causal
Validity


Y


Y


 Y


 Y


 N (Not an acceptable design.)


 N (Not an acceptable design.)


Y


Intervention 
Fidelity


Outcome
Measured


People, 
Settings & 


Timing


Testing
within SG


Statistical
Reporting


Note: Y = Meets WWC evidence standards with reservations; N = Does not meet WWC evidence standards


 ● = Fully meets criteria;      = Meets minimum criteria;      = Does not meet criteria


 


Analysis
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 Meta-analysis of Graphing Calculator Impact on Algebra Achievement


A meta-analysis gives us a way of combining the impact of multiple studies to arrive at a single 


estimate of the impact. Impact is expressed as an effect size, which is in standard deviation units.  


Specifically, we calculate this value by taking the mean of the treatment group minus the mean of the 


control group and dividing this difference by the pooled standard deviation.


However, a meta-analysis requires that the studies being combined be studies of the same or closely 


related educational problems or interventions.  First, studies are selected that address similar problems 


based on researcher judgment.  Second, a statistical test of homogeneity is used to verify that the studies 


have reasonably similar effect sizes.  


To begin, the effect sizes for our 13 studies are summarized in Table 5 for published research papers 


and in Table 6 for unpublished dissertations. 


Table 5. Effect Sizes in Published Research Papers


 


Group


T
C
T
C
T
C
T
C
T
C
T
C
Tc


Cd


Tc


Cd


X


Sample Size


47
33
22
24
16
23
46
44
21
21
21
21
12
15
12
15


 


Mean


57
28
66.8
53.5
68.3
51.2
21.02
15.62
00.476a 
00.227b


00.924a 
00.439b


11.59
10.00
 09.81
 08.02


 SD


17
16
12.8
12.9
15.6
14.1
 05.87
 04.70


1.81


1.02


1.14


1.0


0.52


0.91


0.37


0.43


Study


Ruthven, K. (1990)


Thompson, D. R., and
Senk, S.L. (2001)


Hollar, J. C., and 
Norwood, K. (1999)


Graham, A.T., and 
Thomas, M. O. J. (2000)


Szetela, W., and 
Super, D. (1987)


Loyd, B. H. (1991)
 


Class 1


Class 2


School A


School B


TRAN2


PROP2


Effect Size


Note: T = Treatment Group, C = Comparison Group, X = Does not meet WWC evidence standards, 


 a = Posttest Effect Size, b = Pretest Effect Size, Tc = Problem solving strategies with calculators, 


 Cd = No problem-solving strategies and no calculators
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Table 6. Effect Sizes in Unpublished Dissertations


Since our initial focus of the review was on graphing calculators, we restricted the meta-analysis 


to these studies.  There are four published research papers and four unpublished dissertations that 


investigated the effect of graphing calculators. Among these studies, the researchers measured the 


impact on a variety of skills and abilities, most commonly on algebra. We judged that four of the studies 


that met the inclusion criteria measured the effect of using graphing calculators on algebra skills. Our 


meta-analysis addresses these studies only. Two of the studies report two separate effect sizes which 


were considered independent since they involve separate classes or schools. Thus, we worked with six 


outcomes in the meta-analysis.


The procedures are as follows. We computed standard errors for the effect sizes. We then carried out 


a statistical test of homogeneity to determine whether the studies can reasonably be described as sharing 


a common effect size (Hedges & Olkin, 1985). Under the null hypothesis that the effect sizes are equal,  


 


the test statistic,    , (where d+ is the estimated pooled effect size and di  are estimated  


 


study-specific effect sizes,) has an asymptotic chi-square distribution with k–1=5 degrees of freedom. 


In the current meta-analysis, Q has a value of 4.37. A value of Q as large as that obtained would occur 


between 25 and 75% of the time if the effect sizes are equal. Hence, we do not reject the hypothesis of 


homogeneity of effect size, and we consider pooling the data to obtain an estimate of the common effect 


size. 


The point estimates for the effect sizes for the six results are displayed in Figure 1. Each point 


estimate is centered on its 95% confidence interval. The rightmost confidence interval represents the 


result for the pooled estimate. The 95% confidence interval does not contain zero, therefore,we reject the 


hypothesis that the common effect size is zero at the    =.05 level of significance. The point estimate is .85 


with a confidence interval (0.61, 1.09), which gives strong evidence that the use of graphing calculators is 


associated with better performance in algebra. A fixed effects model is assumed in the computation of the 


standard error of the pooled estimate. (Note that outcomes for quasi-experiments may be biased, and this 


caution should be kept in mind when interpreting results.)


Group


T
C
T
C
T
C
T
C
T
C
X
X
Te


Cf


    


Sample Size


29
29
22
23
75
24
17
21
17
21


47
42


 


Mean


81.31
70.79
11.82
09.09
Adjusted Means Not Reported
Adjusted Means Not Reported
12.29
15.95 
07.58 
00.45 


28.47
28.28


 SD


11.46
15.12
06.35
05.80


03.70
03.28
04.08
01.05


07.39
07.19


00.91


0.44


-1.11


06.79


0.02


Study


Autin, N. P. (2001)


Drottar, J. F. (1998)


Wilkins, C. W. (1995)


Rodgers, K. V. (1995) 
 
 


Glover, M. A. (1991)
Ellerman, T. B. (1998)
Liu, S. (1993)


Paper-and-
Pencil


Problem-
Solving


Effect Size


Note: T = Treatment Group, C = Comparison Group, X = Does not meet WWC evidence standards, 


 Te = Calculators plus problem solving, Cf = Traditional and no calculators


^̂
=
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Figure 1: For studies of algebra: Estimates of the size of the difference between treatment and control groups 


indicating the 95% confidence interval
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Executive Summary 
 


• Initial TAKS results show that Lake Highlands Junior High School’s 2006 mathematics 
scores improved over 2005’s. Almost 33% of the students who participated in the 
intervention passed the 2006 TAKS after failing the previous year, a number that was 
larger than would normally be illustrated by this at-risk group. 
 


• Students within the block-classes had a large gain in their percent correct TAKS score 
while students in regular mathematics courses fell back on average. 
 


• The LHJH teachers’ math knowledge, as measured by pre- and post-intervention LMT 
assessments, significantly increased after a year of collaboration and professional 
development sessions provided by TI.  
 


• Year-end teacher mathematics knowledge as measured by the LMT, and growth in LMT 
scores in the intervention teachers were both positively associated with the TAKS 
performance of their students. 


 
• Teachers reported increased expectations for student performance and improved teaching 


after receiving content training in math. Teachers stated that the math training sessions 
improved their understanding as they could better explain connections to students and 
were able to understand sequencing of the proofs underlying a process.   


 
• Parents noted a positive difference in children’s math performance and attitude.  Students 


who had not been successful in math made noticeable progress. 
 


• The more immediate availability of diagnostic data helped teachers improve instruction 
by allowing them to determine frame length and starting point, spiral in concepts not 
mastered sooner and provide extra practice through warm-ups. Some teachers reported 
misalignment between unit benchmarks and the district curriculum on the TEKS, and unit 
diagnostics and the district curriculum or the TEKS. 


 
• Some teachers were critical of site administrative support and increasingly so across the 


intervention.  Many thought the administrators did not realize the day-to-day planning 
and learning activities necessary for a successful intervention. Teachers were most 
critical of site administrators for not managing discipline better as students who 
constantly disrupted class were not removed. 


 
• Teachers agreed that use of the TI-Navigator increased student engagement, reduced 


many behavioral problems in class, and shifted responsibility for learning to the students.  
Teachers commented that students spent more time working through problems, were able 
to realize corrections more quickly and retain information.  The calculator experience 
also increased their algebra readiness. 


 
• The real time data and anonymous features of the technology increased student 


participation dramatically, including group work and student support for one another.   
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The technology allowed teachers more time and they were able to focus on questioning 
skills and student discussion while more and higher level concepts could be covered. 


 
• The power block (extra 50 minutes of instruction) helped create relationships, provided 


more hands-on learning and development of problem solving strategies while engaging 
students in more activities.  Teachers reported that the increased time changed problem 
solving effort and approach, and increased student expectations and performance. 


 
• Important shifts occurred in teacher perceptions from mid-intervention to year-end.  


Teachers grew more critical of the administration and the seeming lack of appreciation 
for their increased efforts. It became clear to all teachers that the power-block and the real 
time data and anonymity features of the TI-Navigator were essential to increasing student 
effort and performance. While four to six of the teachers were positive about the 
intervention components at mid-year, 6 to 8 were confident of improvements in their own 
and student performance by year end. 
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Year 1 Assessment of the RISD-TI Intervention Model 
Overview 
 
During this past year, Lake Highlands Junior High School, the Richardson Independent School 
District and Texas Instruments, Inc. partnered to develop a focused intervention that would 
improve mathematics instruction and test outcomes at Lake Highlands. Utilizing a block 
schedule class design, additional instruction time, more collaboration between teachers 
throughout the year, focused professional development sessions, and the employment of the TI-
Navigator, the school sought to increase the passing rate of at-risk students enrolled at Lake 
Highlands. 
 
Lake Highlands’ Performance 
 
Students who failed to pass the TAKS mathematics assessment in 2005 were placed in 100 
minute block classes which employed the TI-Navigator system to assist in instruction. Teachers 
assigned to these classes met frequently to develop and share their knowledge and solve 
problems, and these teachers also received additional professional development sessions with a 
math expert from Texas Instruments.  
 
To get a sense of Lake Highlands Junior High School’s standing, we can view the school against 
other junior highs in the Richardson Independent School District. Table 1 provides comparative 
data on demographic categories for RISD junior high schools, listing the total number of students 
tested this year, the ethnic group percentages and proportion of the student body classified as 
economically disadvantaged. Lake Highlands had the second largest percentage of African 
American students, somewhat fewer white students, and an above average proportion of 
economically disadvantaged students taking the TAKS this year. 
 


Table 1: Response Totals by Campus for 2006 TAKS testing period 
(overall, ethnic group and economic disadvantaged percentages) 


 


Campus Total tested Asian Afr. 
Amer. Hispanic White Other 


Econ. 
Dis. 


Apollo 752 16% 18% 20% 46% 0% 35% 


Forest Meadow 577 4% 50% 22% 23% 1% 62% 


Lake Highlands 
Junior High 588 2% 42% 19% 37% 0% 42% 


Liberty 648 18% 38% 22% 21% 1% 60% 


North 527 4% 7% 25% 63% 1% 29% 


Parkhill 461 3% 7% 23% 66% 1% 26% 


West 518 5% 21% 39% 35% 0% 47% 


Westwood 545 6% 23% 32% 39% 0% 43% 
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Let us consider TAKS results across the RISD junior high schools for 2006. In table 2 below, the 
percentage of students in the 7th and 8th grades who met the minimum passing standard can be 
seen along with the percentage change from the 2005 results for each group at the schools (note 
that these numbers reflect all students tested and including those who joined the district as 
hurricane evacuees). 


Table 2: 2006 TAKS Met Minimum Percentage by Grade  
(with percentage change from 2005 in parentheses) 


 
Campus Overall Afr. Amer. Hispanic White Econ. Dis. 


7th Grade 


Apollo 85 (+9) 73 (+29) 73 (-2) 92 (+12) 71 (+8) 


Forest Meadow 58 (+5) 43 (+12) 53 (+3) 92 (+2) 48 (+13) 


Lake Highlands JH 70 (+6) 51 (+11) 65 (+12) 92 (0) 54 (+8) 


Liberty 69 (-3) 51 (-14) 70 (+16) 89 (-3) 61 (-3) 


North 90 (+8) 71 (+26) 77 (+1) 96 (+7) 78 (+9) 


Parkhill 92 (0) 68 (+4) 86 (+8) 97 (-2) 78 (+8) 


West 78 (+4) 72 (+5) 71 (+8) 87 (+1) 67 (+1) 


Westwood 83 (+2) 73 (+3) 73 (-1) 97 (+4) 72 (+1) 
8th Grade 


Apollo 78 (+1) 51 (+1) 74 (+4) 86 (+3) 67 (+2) 


Forest Meadow 53 (-2) 36 (-6) 43 (+16) 92 (+2) 38 (+1) 


Lake Highlands JH 63 (+3) 43 (+2) 46 (+6) 92 (+4) 47 (+6) 


Liberty 71 (0) 54 (+5) 63 (+2) 86 (+8) 62 (+3) 


North 81 (-4) 48 (-5) 70 (+7) 90 (-4) 65 (0) 


Parkhill 93 (+4) 54 (-21) 88 (+19) 98 (+3) 82 (+9) 


West 80 (+6) 70 (+1) 72 (+9) 94 (+8) 73 (+8) 


Westwood 93 (+14) 56 (-17) 68 (+7) 95 (+6) 63 (0) 


 
Lake Highlands showed improvement this year as the percentage of students meeting the 
minimum passing standard increased over last year for both the 7th and 8th grade. In addition, 
improvements were also made in each of the relevant subgroups in each grade level, although the 
7th grade seems to show better performance overall and a more dramatic improvement for 
African American and Hispanic students. 
 
A comparison of results across campuses over the past two years is informative since the 
intervention was focused on students who did not pass the TAKS in the previous year. Table 3 
shows the 2005 performance of students who failed the TAKS in 2004 across the junior high 
schools. At every campus, less than a third of the students who did not make the standard in 2004 
went on to pass in 2005, and Lake Highlands had the least success with this group of students. 
This comparison illustrates the performance prior to the implementation of this intervention 
project. 
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Table 3: 2005 TAKS Math Performance by Students who did not meet 2004 minimum 
 


School 
Number of Students 


not meeting 2004 
minimum 


Met 2005 
Minimum 


Did not meet 2005 
minimum 


Lake Highlands 
Junior High 101 13.9 % 86.1 % 


Richardson  
Junior High 55 16.4 % 83.6 % 


Richardson West 
Junior High 59 23.7 % 76.3 % 


Richardson North 
Junior High 28 14.3 % 85.7 % 


Forest Meadow 
Junior High 116 14.7 % 85.3 % 


Westwood  
Junior High 48 22.9 % 77.1 % 


Liberty  
Junior High 62 24.2 % 75.8 % 


Apollo  
Junior High 67 28.4 % 71.6 % 


Parkhill  
Junior High 25 28.0 % 72.0 % 


 
Using the 2006 results, table 4 shows a similar comparison, using students who were assigned to 
the block classes at Lake Highlands and comparing their 2006 TAKS performance with students 
at other campuses who failed the 2005 TAKS.  
 


Table 4: 2006 TAKS Math Performance by Students who did not meet 2005 minimum 
 


School 
Number of Students 


not meeting 2005 
minimum 


Met 2006 
Minimum 


Did not meet 2006 
minimum 


Lake Highlands 
Junior High 119 32.7 % 67.3 % 


Richardson West 
Junior High 82 36.6 % 63.4 % 


Richardson North 
Junior High 50 36.0 % 64.0 % 


Forest Meadow 
Junior High 139 19.4 % 80.6 % 


Westwood  
Junior High 70 28.6 % 71.4 % 


Liberty  
Junior High 115 31.3 % 68.7 % 


Apollo  
Junior High 106 43.4 % 56.6 % 


Parkhill  
Junior High 27 63.0 % 37.0 % 
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Overall, Lake Highlands made great progress in increasing the pass rate of this at-risk group and 
now places in the middle rather than the bottom of the district’s junior high schools in 
mathematics. 
 
A comparison can also be made within Lake Highlands that looks at the gain in the percentage of 
correct responses made by students in the block classes and those in regular (non-AP) 
mathematics classes. The following table reports scores for students in the 7th and 8th grade at 
Lake Highlands during 2006, listing their average percent correct in 2005 and 2006 as well as the 
gain made across the period. As this table includes only students that had scores in both 2005 and 
2006, hurricane evacuees are not included in these averages. 
 


Table 5: TAKS Percentage Correct Growth from 2005 to 2006 at Lake Highlands JH for  
Block and Regular Mathematics Classroom Students 


 


Classroom Assignment 
Number 


of 
Students 


2005 Percent Correct 2006 Percent 
Correct Percentage Gain 


7th Grade Block Classes 
 22 45.5% 47.4% 1.9% 


8th Grade Block Classes 
 57 44.3% 54.5% 10.2% 


Block Classes Overall 
 79 44.6% 52.5% 7.9% 


7th Grade Regular (non-AP) 
mathematics classes 69 76.6% 64.6% -12.0% 


8th Grade Regular (non-AP) 
mathematics classes 50 67.2% 66.8% -0.4% 


Regular (non-AP) 
mathematics classes overall 119 72.7% 65.6% -7.1% 


 
The results in Table 5 show that students in the block classes made gains while students in 
regular mathematics classes lost ground on this year’s test. The seventh grade regular class 
scores show a pattern similar to one we saw when we reported last year’s results as students once 
again have the scores drop as they transition from the elementary schools in 6th grade to the 
middle school environment in 7th grade, yet the block students did not show this drop off. In 8th 
grade, while regular classroom students showed little change, the block students greatly 
increased their scores. While interpreting gain scores can be problematic given pre-existing score 
differences in the groups during the initial testing year, the patterns of gains found illustrates that 
the TI-RISD intervention is off to a promising start. 
 
The TI-RISD intervention also focused on improving teacher knowledge, using professional 
development opportunities and collaborative sessions to assist the Lake Highlands mathematics 
teachers. The impact in this area can be seen in the teachers’ scores on the Learning Mathematics 
for Teaching project assessment (the LMT) that was administered prior to this year and then 
again after the TAKS testing period. Table 5 lists the LMT averages for the mathematics teachers 
participating in the intervention program at Lake Highlands across 2005 and 2006, along with 
the growth illustrated on each LMT domain. Note that the LMT scores are represented in 
standard deviation units and are normalized in line with a national sample of mathematics 
teachers who completed the LMT measures over the last two years. The average score is 
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calibrated to zero, and scores can be negative or positive in value, representing results that would 
be below (negative) or above (positive) average. 
 


Table 6: LMT Averages and Growth from 2005 to 2006 at Lake Highlands Junior High School 
 


LMT Dimension Average Standard  
Deviation Range 


2005 Numbers and 
Operations domain -0.0244 0.707 2.07 


2005 Patterns, Functions, 
and Algebra domain -0.2905 0.772 2.01 


2006 Numbers and 
Operations domain 0.8323 0.673 2.22 


2006 Patterns, Functions, 
and Algebra domain 0.3968 0.592 1.49 


Growth in Numbers and 
Operations score, 2005-06 0.8567 0.300 0.95 


Growth in Patterns, 
Functions, and Algebra 


score, 2005-06 
0.6874 0.462 1.14 


 
All but one of the teachers who completed the pre- and post-intervention assessment showed 
growth on the LMT domains, with the outlier showing a number of anomalies on the second part 
of the questionnaire. With her data excluded, the growth from pre- to post-test is significant for 
both domains (for Numbers and Operations, t(5) = 7.14, p < .001; for Patterns, Functions and 
Algebra, t(5) = 3.64, p < .01). 
 
The end-of-year LMT scores and growth LMT scores for these teachers also relate to their 
students’ performance on this year’s TAKS. The following charts graphically illustrate how each 
LMT domain and growth in the domains over the year relate to class performance on the 2006 
TAKS for these block classes. 
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The patterns in both the year-end scores and growth measures show a positive trend with 
teachers scoring higher or showing more growth on the domains also having classes with a 
higher percentage meeting the minimum passing level on the TAKS. 
 
Teacher Perceptions 
 
The teachers completed a survey at mid-year and year-end that addressed the effectiveness of the 
intervention components.  They were asked to detail successes and challenges while providing 
suggestions for improvement.  The survey appears at the end of this report in appendix A, and 
full tables of the results appear in appendix B. 
 
Problem solving activities and grouping 
 
In the mid-year analysis, the teachers reflected on problem solving and grouping activities.  It 
was unclear whether problem-solving activities used by students in the classroom were different 
from last year or not.  The four new teachers could not make this comparison and of the 
remaining four, two suggested that the practices were not different.  Types of problem solving 
activities used appeared to vary across teachers.  
 
The labels used to identify grouping strategies seem to vary as well, although the described 
activities often included reviews and assessments, less so learning new concepts or pursuing 
higher level thinking.  
 
Teachers noted changes in student behavior as a result of grouping strategies; one suggested a 
deeper understanding of the subject matter, another commented that leadership skills emerge as 
over achievers tried to excel. Two teachers mentioned increased student (social) motivation or 
willingness to listen to peers.  Three commented on difficulties: students only wanting to do the 
work they are assigned, students needing to wait on the previous person’s work to do their part, 
students just visiting and then copying work while one carries the group, students abusing the 
group format.  
 
Teachers mostly reported using flexible grouping without labeling of groups, followed by 
flexible grouping between groups when a skill is mastered.  Students were assigned to groups in 
various ways: skill level and personality, seating proximity, randomly, self selection and 
typically 2-4 in size, although one teacher reported assigning groups of 4-6 students. While 
teachers agree that competitive and cooperative settings are useful for learning math, they mostly 
report creating cooperative settings of 3 to 4 students. 
 
Efficacy and the TI Intervention Model 
 
Research suggests that students perform to their own and others expectations.  So following 
teacher expectations for student success in math across this study is important.  When we 
sampled the broader population of RISD math teachers in April 2005 we found expectations in 
the district to be low overall, yet the eight math teachers at Lake Highlands reported surprising 
confidence both prior to the study and at mid-intervention. Furthermore, at the end of year one, 
100% reported that they can successfully teach 90% or more of their students grade level math. 
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One teacher moved from uncertainty at mid-year to confidence about teaching math and doing so 
with ELL by year end.   All but one agreed that 90% or more of their students can learn grade 
level math.  The outlier respondent reports confidence with her own performance but not that of 
the students, the administration or the intervention. 
 
The teachers further reported at mid-year and year-end establishing a significant relationship 
with students who have difficulty in math and that they inspire their students.  Perhaps most 
importantly, six teachers agreed that their expectations for student performance have increased 
since receiving training this past summer and fall. Two were uncertain.  
 
Some unexpected but perhaps noteworthy shifts in perceptions surfaced from mid-year to year-
end about teaching success.  Four teachers reported not feeling valued by the administration at 
year-end verses two at mid-year. Furthermore, from mid-year to year-end teachers noted that 
instructional support has changed, with at least half uncertain if it is based on benchmark data 
and three suggesting that they do not receive support in time to deliver content successfully. 
 
How has the TI intervention model assisted those teaching math?  At mid-year teachers mention 
aspects of the training that helped them.  One spoke of the class on equitable classroom by 
Harris. Two mentioned the staff development sessions with Damaske, the common planning time 
and the technology as being helpful.  Another spoke of the laid-back feeling of the sessions, of 
feeling comfortable asking questions.  Another spoke of how she viewed math instruction 
differently now, namely that helping students look at new concepts in different ways and 
following concept introduction with technological application had made a marked difference in 
learning.   
 
At year-end the teachers spoke more about practices in the classroom, the technology, and 
student performance.  Teachers commented that the technology had engaged students who were 
not otherwise, allowed for monitoring and immediate assessment, accelerated content and 
increased student responsibility.  One commented, “students can create and learn visually.”    
The teachers reported that the power block (extra 50 minutes of instruction) had helped to create 
relationships, provided more hands-on-learning and problem solving strategies while it engaged 
students in more activities. One teacher noted that the intervention “has given me better ideas for 
teaching lower level students and made learning more interesting.”  Another reported, “the 
students seem to have become better problem solvers”. 
 
At mid-year one teacher reported not using the technology and needing help.  By year-end this 
teacher noted success with the technology, but was critical of the training sessions (not being 
included), block composition, instructional and administrative support, but not of her progress or 
that of her students even though neither were relatively good. 
 
Teachers reported that components which have raised their confidence include the common 
planning time, talking about the lessons, having the technology to demonstrate lessons, support 
in the classroom, having someone to call with questions, the unit diagnostics and weekly 
meetings with Paula Moeller.  Each of these factors was mentioned by a teacher at mid-year.  At 
year-end the focus shifted as teachers spoke of the importance of the training sessions, but also 


  







RISD-TI Year 1 Assessment Report 
Page 10 


the power block and instant feedback on student work.  One even noted increased performance: 
“Going from 0 to 53% passing TAKS!” that raised teacher confidence. 
 
Campus Administration 
 
While half the teachers reported feeling valued by the administration throughout the intervention, 
two at mid-year and four at year-end did not. At mid-year teachers complained about an 
increased work-load without administrative support or the lack of encouragement for increased 
performance from students.   At year-end five of the teachers made comments about the 
administration not understanding the amount of time required to plan and execute the 
intervention.  While one suggested administrators seemed resentful, others commented that 
administrators knew of the extra training involved and Saturday sessions but did not realize the 
day to day planning and learning activities necessary.  Others commented, however, on reduced 
duties.  When asked about additional administrative support, four teachers requested 
improvements in handling discipline, specifically better procedures or support in removing 
students who constantly disrupt. 
 
Parent Understanding and Response 
 
It is common for teachers to report low efficacy based upon projections made from parent 
involvement and economic status.  This is generally not the case with Lake Highlands where the 
math teachers reported at mid-year and year-end that parents understand the importance of 
learning math. In addition, several teachers provide positive comments from parents.  Parents 
have called to report that their child has shown interest in math this year, in part because of the 
new technology; others are pleased with the block format suggesting that their child was never 
good in math before.  Parents have e-mailed teachers describing a change in their child because 
of the model.  “The parents tell me how excited their child is now about succeeding in 
mathematics.”  The pulse from parents is positive; they are excited. 
 
Instructional Support and Content Knowledge 
 
At mid-year several teachers suggested that they did not have the instructional support necessary 
to teach all students.  Only one teacher agreed that content sessions with the mathematician 
increased her mathematical understanding and that the sessions helped her teach effectively.  
This changed dramatically by year-end where all but one teacher reported having the 
instructional support necessary to successfully teach all students math.  Six teachers stated that 
the content sessions had increased their mathematical understanding while five found the 
sessions had improved their teaching; one is uncertain.  Across the intervention the focus of 
teacher meetings appears to shift away from lesson planning and teaching strategies to math 
content sessions for several of the teachers.  This does raise several questions. Do the teachers 
continue to work together on lessons plans and strategies? Do they perceive the purpose of the 
sessions differently at year end? 
 
Most disagreed at mid-year and year-end that regular and tutoring teachers plan content together 
while half agreed that weekly meetings are used to align district curriculum with the TEKS. 
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In the open-ended responses about the math content sessions teachers, feedback at mid-year was 
more negative than positive.  While two reported that the sessions made them more aware of 
additional representations available to them or different ways to look at things, others suggested 
that the sessions were helpful, but that the mathematician spoke at the wrong level.  Several 
commented that the sessions were a waste of time.  One who reported that they were helpful 
asked that the teachers plan with a component for ELL in their lessons.  Another asked for extra 
or different lessons for the block classes. She suggests that they should be focused on planning 
for class and reviewing while someone who is an expert at writing lesson plans should be doing 
that for the whole group, instead of everyone reinventing the wheel.  Finally a teacher requested 
more ideas for teaching pieces, not activities. 
 
The open-ended comments about the math content sessions at year end were mostly positive.  In 
essence, the teachers suggested that they gained depth of understanding so they could explain 
connections, understand sequencing or the proofs underlying a process.  One teacher spoke of 
feeling overwhelmed by the material and thus better able to understand struggling student 
feelings. When asked about additional content that would be of use, two teachers requested more 
weekly planning meetings, another asked to discuss other teacher experiences with each unit or 
for the curriculum to be connected with the mathematician’s content, or more and different use 
of manipulatives. 
 
Assessment and Indicator Alignment 
 
The level of agreement over the alignment of unit benchmarks to the district curriculum and the 
TEKS, and unit diagnostics to the district curriculum and the TEKS shifts slightly from mid-year 
to year-end.   At mid-year, one to two teachers disagreed or were uncertain about alignment 
whereas by year end, two to three fell into this category with a fourth not responding. 
 
Uncertainty about unit diagnostics helping teachers tailor instruction remained constant at two 
teachers (five agree) from mid-year to year-end.  All teachers agreed at year-end that the more 
immediate availability of data had helped them improve instruction.  One had been uncertain at 
mid-year. 
 
Six of the teachers commented on using the diagnostic data to tailor instruction, re-teach or 
identify students who need more monitoring.  Teachers commented that the diagnostic data helps 
them tailor their instruction by knowing what concepts require more (or less) time, to identify 
material that students should already know, and to design warm up’s around what students don’t 
know.  The teachers reported that the unit diagnostics had changed instruction by allowing them 
to determine frame length and starting point, to move a weaker student closer to them or adjust 
the warm up’s and quizzes to cover more review.  Teachers commented that the immediate 
availability of data allowed them to spiral in concepts not mastered sooner and to provide extra 
practice through warm-ups.  One teacher reported that the more timely feedback allowed her to 
conference with students quickly while trying to get them back on track. 
 
While respondent agreement is often our focus, it may be helpful to know how many teachers are 
hesitant about the assessments or even resistant. At mid-year, one or two teachers seemed to 
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question the usefulness of the unit diagnostics and increased number of benchmarks.  At year-
end two teachers out of eight questioned the usefulness of increased assessment.  
 
Let us consider performance expectations for the assessment vehicles. In the Efficacy section 
above we reported surprisingly high confidence among teachers about their ability to 
successfully teach as well as students’ likelihood of learning.  Teachers’ confidence about 
student performance shifted from mid-intervention to year-end, with slightly more uncertainty 
about TAKS performance but far more confidence about district TEKS performance.  In all six 
teachers were confident that students will do well on both. 
 
Use and Impact of Technology 
 
Teachers reported positive experiences with TI technology at mid-intervention and year-end.  
They used the TI-Navigator to collect data and help students understand math.  Teachers 
reported being able to modify instructional strategies based upon real time data.  They stated that 
student motivation has increased with the use of TI technology and that fewer behavioral 
problems must be referred to the office when the technology is used in the classroom.  The 
number of teachers using the technology grew from six at mid-year to eight at year-end. Seven 
agreed that the use of technology has enhanced the district curriculum (up from six at mid-year).   
 
When asked how the technology has changed classroom culture, teachers reported that 
anonymous submission of responses garners 100% participation, increased group participation 
and sharing of responses, and support in helping one another with the technology.  Students were 
rarely tardy; they were more engaged and more was covered in class.   Classroom management 
(screen capture) and immediate feedback (class analysis slide show) changed the culture.  
 
How was teaching impacted by the technology?  Teachers suggested that control shifts to the 
student, and that students’ responsibility and confidence were boosted.   Teachers reported better 
being able to manage time, focus on questioning skills and student discussion.  More and higher 
level concepts were covered, more hands on activities and variety in activities were performed. 
 
How was performance impacted by the technology?  Teachers noted positive differences in focus 
at mid-year.  “Students love to use the calculator, they get into a routine, so that keeps them 
focused on what is in front of them.  The screen captures help as well.”  By year-end teachers 
reported that students spend more time working through a problem, were able to realize 
corrections more quickly and retain information.  One commented, “their algebra readiness has 
increased with calculator experience.”  Another remarked, “they are learning more without even 
knowing it.” 
 
The 100 Minute Power Block 
 
Reflections on the Power Block were positive and increasingly so as we move from mid-year to 
year-end.  All the teachers agreed that the daily warm-up help students solve problems more 
effectively. At mid-year, however, there was less certainty that additional time made a real 
difference to student approaches to problem solving or to student self-esteem than at year end, 
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where teachers showed strong agreement that the increased time had changed problem approach 
and esteem.   
 
The open ended responses provided by four of the teachers at mid-year suggested positive results 
from the Power Block, namely new found success by students in math, more student effort and 
questions, fuller understanding, increased quality of work and more time for class discussion.  
One teacher reported considerable frustration in claiming that teaching 29 low level students was 
very difficult.  “I don’t have any kids that have motivation.”   
 
At year-end comments about the power block were only positive with one teacher stating, “the 
extra time has given students the opportunity to truly grasp the content and apply it.”  Other 
comments addressed improvements in motivation and higher student expectations of themselves.  
Several teachers noted better performance and improved problem solving skills.  “Their scores 
have gone way-up!”  Teachers explained that students are more comfortable with class 
participation and thus more willing to attempt a problem.  They suggested that because of the 
extra time, students will ask questions.   
 
Project Support 
 
The support that teachers list as most critical to this project included (in order of frequency 
mentioned) technology and technology training; Paula Moeller, her response to questions and 
ideas in the classroom; staff development including work with Jane Demaste, weekly planning 
meetings, activities and assessments, T3, the immediate help received and positive 
reinforcement. 
 
What kinds of additional support would be helpful from TI?  
(Suggestions at mid-year) 
 • Learning how to run block classes successfully 
 • Easy reading and explanations for first year teachers going through alternative certification. 
 • More training with the technology 
 • Manuals and lesson plans using TI-Navigator 
 • Instruction for using study cards including additional ways to use TI-Navigator. 
 
What kinds of additional support would be helpful from TI?  
 (Suggestions at year-end) 
• Opportunities to observe Navigator proficient teachers, not other adults   
• Mock teaching of a block class, while teachers are students 
• Easier access to curricular help, not just hardware.  For example, uses for different applications 


and the easiest way to run them. 
• More time in the classroom and team teaching 
• Zero segregation within the department. 
 
What kinds of additional support would be helpful from the district? (Suggestions at mid-year) 
 • Learning how to run block classes successfully 
 • Smaller class sizes 
 • Rearranging block classes so there are some high achievers, not all at risk students* 
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 • Stricter administrative discipline* 
 • Prewritten lesson plans for new teachers 
 • Curriculum that matches the benchmarks more closely 
 • More ways to use manipulatives 
 • Navigator support within curriculum 
 
(* Comments made by more than one teacher) 
 
What kinds of additional support would be helpful from the district? (Suggestions at year-end) 
• A curriculum that is better aligned with TEKS 
• Understanding exactly what teachers are doing and that they are being successful 
• Providing ideas, questions and explanations about how to teach with the curriculum planner 
 
What kinds of additional support would be helpful from your principal and vice principal? 
(Suggestions at mid-year and year-end) 
 • More disciplinary support*  
 • Smaller blocks 
 • Mixing up the classes* 
 • Empathy for the teacher who is doing considerable extra work  
 
(* Comments made by 4 or more teachers) 
 
At mid-year, teachers commented that the class should seem more like a privilege, that the 
project is hard to implement with discipline problems where students cannot be sent to the office.   
A teacher asked that students be held accountable.  The teacher remarked, “it seems like most 
kids are low achieving, have no aspiration or basic math skills… They have no idea what they 
are doing.”  Another reported that her students have “no one to look up to or strive to be”.  Many 
are repeating 8th graders, all failed TAKS and are low achievers.  “I feel like these kids were set 
up to fail.  The block classes were too large from the start. Also, kids should not be added to the 
class mid-year because their growth cannot be measured well. 
 
At year-end, negative comments were about discipline and to a lesser degree about mixing up the 
blocks, as well as lack of administrative support and appreciation.  Many teachers addressed the 
lack of disciplinary support and administrator appreciation. 
 
Final Comments 
 
Several of the teachers spoke of their gratitude for being able to learn from the TI employees, 
who are “so knowledgeable”.  Another remarked, “I really enjoyed being part of the program and 
even though frustrated at times, I was able to work through it because I had tons of TI support.”  
Several spoke of enjoying the program.  One remarked, “I love it!  Love it!  Love it!  It is such a 
disservice to the rest of the classes that won’t have the experience of the TI project and all its 
power.  Hopefully, this will grow into the high schools in the very near future.”   
 
Another teacher reported feeling alienated, and one had difficulty connecting the high-level math 
content sessions to the curriculum. One reported that the equipment (the dongles and knobs) do 
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not work all the time, which was very frustrating. Finally, a teacher reminded the researchers, 
“the project needs to be in the hands of a capable teacher who is willing to learn and change their 
style of teaching.  There are so many components to the intervention” that a capable worker is 
required.   
 
Other potential issues that we need to address: 
 


1. Is the interventions success due to factors besides the technology? This has two aspects, 
and as we move on to a larger number of schools we will be able to see if we can rule out 
other explanations. At this point however, the positive effects we are seeing may be due 
to simply moving to the double-block (100 minute) schedule, or they may be due to 
having Paula Moeller on-site and her additional efforts pushed this through. Subsequent 
evaluation should be able to tease apart the factors and give us firmer ideas on what it 
contributing to the improvement, but until we have more sites and an ability to isolate 
potential contributing factors, we will not be able to definitively state that the technology 
intervention has a main effect here. 


2. Related to this, we will need to be sure that each site has someone that plays Paula’s role 
as an evangelist of sorts, acting as a central coordinator and making sure that what Paula 
has done gets transferred to each new site. As we expand to more schools, Paula will not 
be able to be everywhere at once, but with the right amount and type of training she 
should be able to train successors. For next year, this is something that we will have to 
build into the planning process, to make sure that the district has a point person assigned 
to each new school, and that there is always a district level person who can provide 
assistance and funnel help and planning assistance from TI to the schools. 


3. What is the best way to get teacher buy-in? The teachers at Lake Highlands now all seem 
to be behind the intervention, and we want to get this same amount of positive regard at 
the new campuses. We will need to be sure that there are enough chances for teachers to 
visit and experience the program, and that there is full acceptance during the summer 
months. The Lake Highlands principals suggested that we let their teachers communicate 
with other teachers about the program, schedule the observations time while students are 
working with the technology (and let students show the potential teacher recruits how 
things work so they get the students’ point of view), and plan at least one event that might 
get the “buzz” started regarding this program more widely through the district. 


4. As the project is expanded to other campuses, it will be important to remember that 
teacher expectations of themselves and their students are much lower at some campuses 
than Lake Highlands. Prior exposure, demonstration and support will be especially 
important. 


5. While TI made excellent progress in adjusting the math content session mid-year, some 
teachers continue to ask that the sessions be tied more closely to the curriculum. 


 







RISD-TI Year 1 Assessment Report 
Page 16 


  


Appendix A: Year-End Teacher Survey 
 


Identifying Components of Effective Mathematics Programs in RISD 
 


Consent Form 
 


The Richardson Independent School District and Texas Instruments Inc. has asked us to conduct a research study to 
extend previous work identifying components of successful mathematics programs while also helping the schools to better 
design the way mathematics is taught and technology utilized. We hope that through your participation, we will be able to 
provide valuable information to your district, identify ways that the district can better assist schools and teachers, and 
discover how schools can be more effective. Over the next few weeks, teachers, principals, mathematics specialists, and 
district personnel will all be asked to complete surveys that assess the characteristics of RISD schools and programs that 
relate to successful mathematics education nationally.  
 
Participation requires the following: 
 
• Completion of a survey on math practice and policy by all fourth and fifth grade teachers, middle school math teachers, 
all elementary and middle school principals, and district specialists in mathematics. 
 
• Completion of a survey on mathematical knowledge by all teachers involved in math education for grades 4-8 at the 
campuses. 


At the end of the study, a report will be sent to the district office and information will be sent to the schools’ principals 
and mathematics specialists for dissemination. 


The procedures here involve no or minimal risk to the participants. Any information that is obtained in connection with 
this study and that can be identified with you will remain confidential and will be disclosed only with your permission or 
as required by law. Some tracking identification tied to assessments of mathematics knowledge and practices will be kept 
by the researchers to allow for future program evaluation. After deciding to participate, you are free to withdraw your 
consent and discontinue participation at any time without penalty. If you have any questions regarding the research, please 
feel free to Mara Winick (mara_winick@redlands.edu) or Jeffrey Lewis (jeff_lewis@pitzer.edu or 909-792-5594).  


 
 
Your signature indicates that you have read and understand the information provided above, that you willingly agree to 
participate, that you may withdraw your consent at any time and discontinue participation without penalty, that you will 
receive a copy of this form, and that you are not waiving any legal claims, rights or remedies.  


Name _______________________________________  


Signature ____________________________________  Date _________________ 


 
 
 
 
 
 
 
 
 
 



mailto:jeff_lewis@pitzer.edu
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Teacher & Student Practices for Learning Math at RISD 
 
 


 
1.  Please respond to the following statements about teaching success  
by circling your level of agreement or disagreement. 
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a) I can successfully teach grade level math to 90% or more of my students. 
 SD D U A SA 


b) I know which strategies work best for teaching math for English 
Language Learners.  SD D U A SA 


c) I know which strategies work best for teaching African American 
students who are falling behind. SD D U A SA 


d) I am confident that 90% or more of my students can learn grade level 
math. SD D U A SA 


e) I have the instructional support necessary to be successful teaching all 
students math. SD D U A SA 


f) I receive instructional support in time to deliver math content 
successfully. SD D U A SA 


g) The instructional support I receive is based upon benchmark data.  
SD D U A SA 


h) It would be accurate to say that I inspire my students. 
SD D U A SA 


i) It is accurate to say that I establish a significant relationship with students 
who are having difficulty learning math. SD D U A SA 


j) I feel valued by the administration at this school. SD D U A SA 


k) My expectations for student performance have increased since receiving 
additional training this past summer and Fall. SD D U A SA 


 
l) Please comment on how the TI intervention model has assisted you in teaching mathematics to all students in 
class.  
 
 
 
 
 
 
 
 
m) Which components of the TI intervention, if any, have helped raise your level of confidence in teaching all 
students? 
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2. Please respond to the statements below concerning teacher content 
knowledge and support, by circling your level of agreement or 
disagreement. 
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a) Our teachers meet weekly to plan lessons and discuss teaching strategies 
for meeting the needs of all learners.  
  


SD D U A SA 


b) Content sessions with the mathematician have increased my 
mathematical understanding.   SD D U A SA 


c) Content sessions with the mathematician have helped me teach more 
effectively. SD D U A SA 


d) Weekly meetings are used to align the district curriculum with the 
TEKS. SD D U A SA 


e) Our teachers meet weekly to design grouping strategies for struggling 
students. SD D U A SA 


f) Regular and tutoring (CATS) teachers plan content together. SD D U A SA 
 
g) How, if at all, have the math content sessions changed what you know about math? 
 
 
 
 
 
 
 
 
 
h) How have the math content sessions changed the way you teach math? 


 
 
 
 
 
 
 
 
 
 


 i) What other content, if any, would you like included in the weekly planning meetings? 
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3. Please respond to the following statements about assessment by 
circling your level of agreement or disagreement 
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a) Our unit benchmarks for assessing student growth are aligned to the 
district curriculum and the TEKS.  
 


SD D U A SA 


b) Our unit diagnostics are aligned to the district curriculum and the TEKS. 
 SD D U A SA 


c) Our unit diagnostics help me tailor instruction to meet student needs. 
 SD D U A SA 


d) Students in my class know the learning goals for each unit of study. 
 SD D U A SA 


e) My students’ parents know what is expected of their child during the 
school year. SD D U A SA 


f) The increased number of benchmarks has helped me improve 
instruction. SD D U A SA 


g) The more immediate availability of benchmark data has helped me 
improve instruction. SD D U A SA 


h) I feel confident my students will do well on the district TEKS checks 
assessments.  SD D U A SA 


i) I feel confident that my students will master grade level content, 
measured by the TAKS, by the end of the school year. 
 


SD D U A SA 


j) Students in this school are held accountable for mathematics instruction.  
 SD D U A SA 


k) Please explain how the use of unit diagnostic data has changed your teaching.  
 
 
 
 
 
 
 
l) How does the diagnostic data enable you to tailor instruction to better meet student needs, if at all? 
 
 
 
 
 
 
 
m) Please explain how the more immediate availability of benchmark data has changed your teaching, if at all. 
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4. Please respond to the statements below concerning parent 
involvement by circling your level of agreement or disagreement 
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a) I frequently communicate learning expectations to parents. 
 SD D U A SA 


b) My students’ parents understand the importance of learning math. 
 SD D U A SA 


c) My students’ parents feel welcome at this school. 
 SD D U A SA 


d) Please share comments made by parents regarding the TI intervention model. 
 
 
 
 
 
 
 


 
 


 
5. Please respond to the below about use of technology in teaching by 
circling your level of agreement or disagreement 
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a) I use the TI Navigator to collect student data.  SD D U A SA 
b) I use the TI-73 graphing calculator to help students understand 
mathematics content. SD D U A SA 


c) I am able to modify instructional strategies for individual students based 
on real time data collected through the TI Navigator. SD D U A SA 


d) I have found that student motivation has increased with the use of the TI 
technology. SD D U A SA 


e) I have found that fewer students are sent to the office for to behavioral 
problems when I use technology in my classroom.  SD D U A SA 


f) It is clear to me that the use of technology has enhanced our district 
curriculum. SD D U A SA 


g) Please explain how the use of technology has changed your classroom culture or learning environment.  
 
 
 
 
 
h) How has the use of technology changed your teaching, if at all?  Please explain. 
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i) How has the use of technology changed student performance, if at all?  Please explain. 
 
 
 
 
 
 
 
 
 


 
 


 
 
6. Please respond to the statements below about the 100 minute power 
block for teaching math. 
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a) The daily warm-up is helping students solve problems more effectively. 
 SD D U A SA 


b) The additional time spent on problem solving has made a real difference 
in how students approach solutions to difficult problems.  SD D U A SA 


c) Additional class time has increased my students’ self esteem in 
mathematics. SD D U A SA 


d) Please comment on any changes you have noticed in student performance as a result of the 100 minute 
power block.   
 
 
 
 
 
 
 
 
 
 
 


 
 
 


 
7. What types of support from this project have been most critical to increasing student performance in your 
classrooms? 
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8.  What kinds of additional support from TI would make a difference to your success in teaching math? 
 
 
 
 
 
 
 
 
 
 
 
9. What kinds of additional support from the district would make a difference to your success in teaching 
math? 
 
 
 
 
 
 
 
 
 
 


 
 


 
10. What additional administrative support from your principal and vice principals is needed to help you 
implement the goals of the TI project? 
 
 
 
 
 
 
 
 
 
 


 
 
11.  Do the administrators on your campus understand the amount of time that is required to plan and execute 
the goals of the TI project?  Please explain. 
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12.  Do you have particular concerns about the project that the researchers would benefit from knowing?  Has 
participation brought moments of joy, frustration?  Please comment. 
 
 
 
 
 
 
 
 
 
 
 
13.  Finally, is there any other information that you would like to share with the researchers about the TI 
project? 
 
 
 
 
 
 
 
 
 
 


 
 
 


Thank you for taking the time to help math educators learn from one another. 
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Appendix B: Survey Response Detail for closed-end questions (Lake Highlands only) 
 
 


1.  Please respond to the following statements about teaching success
by circling your level of agreement or disagreement.


   50% 50% 8


 13% 25% 63%  8


  38% 38% 25% 8


 14%  43% 43% 7


 13%  63% 25% 8


 38%  38% 25% 8


 13% 38% 38% 13% 8


  13% 63% 25% 8


  13% 25% 63% 8


38% 13%  38% 13% 8


  25% 63% 13% 8


I can successfully teach grade level math to 90% or
more of my students.


I know which strategies work best for teaching
math for English Language Learners.


I know which strategies work best for teaching
African American students who are falling behind.


I am confident that 90% or more of my students
can learn grade level math.


I have the instructional support necessary to be
successful teaching all students math.


I receive instructional support in time to deliver
math content successfully.


The instructional support I receive is based upon
benchmark data.


It would be accurate to say that I inspire my
students.


It is accurate to say that I establish a significant
relationship with students who are having difficulty
learning math.


I feel valued by the administration at this school.


My expectations for student performance have
increased since receiving additional training this pas
summer and Fall.


Lake Highlands


Percent


Strongly
Disagree


Percent


Disagree


Percent


Uncertain


Percent


Agree


Percent


Strongly
Agree


Count


Total
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2. Please respond to the statements below concerning teacher content knowledge and support, by circling your level of agreement or
disagreement.


13% 25% 25% 38%  8


 13% 13% 75%  8


 25% 13% 63%  8


13% 38% 25% 25%  8


13% 63% 13% 13%  8


38% 38% 13% 13%  8


Our teachers meet weekly to plan lessons and
discuss teaching strategies for meeting the needs of
all learners.


Content sessions with the mathematician have
increased my mathematical understanding.


Content sessions with the mathematician have
helped me teach more effectively.


Weekly meetings are used to align the district
curriculum with the TEKS.


Our teachers meet weekly to design grouping
strategies for struggling students.


Regular and tutoring (CATS) teachers plan content
together.


Lake Highlands


Percent


Strongly
Disagree


Percent


Disagree


Percent


Uncertain


Percent


Agree


Percent


Strongly
Agree


Count


Total
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3. Please respond to the following statements about assessment by circling your level of agreement or disagreement.


29%  71%  7


29% 14% 57%  7


 29% 57% 14% 7


13%  63% 25% 8


 13% 25% 63% 8


 29% 57% 14% 7


  86% 14% 7


13% 13% 63% 13% 8


 25% 50% 25% 8


38%  25% 38% 8


Our unit benchmarks for assessing student growth
are aligned to the district curriculum and the TEKS.


Our unit diagnostics are aligned to the district
curriculum and the TEKS.


Our unit diagnostics help me tailor instruction to
meet student needs.


Students in my class know the learning goals for
each unit of study.


My students' parents know what is expected of
their child during the school year.


The increased number of benchmarks has helped me
improve instruction.


The more immediate availability of benchmark data
has helped me improve instruction.


I feel confident my students will do well on the
district TEKS checks assessments.


I feel confident that my students will master grade
level content, measured by the TAKS, by the end
of the school year.


Students in this school are held accountable for
mathematics instruction.


Lake Highlands


Percent


Disagree


Percent


Uncertain


Percent


Agree


Percent


Strongly
Agree


Count


Total
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4. Please respond to the statements below concerning parent involvement by circling your level of agreement or disagreement.


 13% 50% 38% 8


13% 13% 13% 63% 8


 25% 38% 38% 8


I frequently communicate learning expectations to
parents.


My students' parents understand the importance of
learning math.


My students' parents feel welcome at this school.


Lake Highlands


Percent


Disagree


Percent


Uncertain


Percent


Agree


Percent


Strongly
Agree


Count


Total


 
 
 
 


5. Please respond to the below about use of technology in teaching by circling your level of agreement or disagreement.


   38% 63% 8


   43% 57% 7


   38% 63% 8


   38% 63% 8


 25%  13% 63% 8


 13%  50% 38% 8


I use the TI Navigator to collect student
data.


I use the TI-73 graphing calculator to help
students understand mathematics content.


I am able to modify instructional strategies
for individual students based on real time
data collected through the TI Navigator.


I have found that student motivation has
increased with the use of the TI technology.


I have found that fewer students are sent to
the office for to behavioral problems when I
use technology in my classroom.


It is clear to me that the use of technology
has enhanced our district curriculum.


Lake Highlands


Percent


Strongly
Disagree


Percent


Disagree


Percent


Uncertain


Percent


Agree


Percent


Strongly
Agree


Count


Total
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6. Please respond to the statements below about the 100 minute power block for teaching math.


  43% 57% 7


  50% 50% 8


 14% 29% 57% 7


The daily warm-up is helping students solve
problems more effectively.


The additional time spent on problem solving has
made a real difference in how students approach
solutions to difficult problems.


Additional class time has increased my students'
self esteem in mathematics.


Lake Highlands


Percent


Strongly
Disagree


Percent


Uncertain


Percent


Agree


Percent


Strongly
Agree


Count


Total
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Texas Instrument Project 
Regular Math Class Student’s Math TAKS Results 
Celeste Alexander Ph.D. and Walter Stroup, Ph.D. 


The University of Texas at Austin 
 


Introduction 
 
One Texas school district has implemented a novel program to improve mathematical skills for 
some 7th and 8th graders. With the help of new technology and innovative assessments students 
are able to communicate their mathematical thinking and then receive immediate feedback 
regarding their mathematical knowledge. 
  
Earlier pilot results indicate several components of the intervention are crucial to the success of 
the intervention. These key components include: extended learning time, use of technology to 
motivate and enhance learning opportunities, provision of common, aligned assessments, 
increased teacher content knowledge, and development of high expectations for all students.  
 
Students participate in a 100-minute mathematics class that focuses on enhancing mathematical 
understanding through the use of graphing technology, in-classroom networks and daily problem 
solving.  Students participate in daily lessons where they must communicate solutions, apply 
content, and connect mathematical models to abstract concepts.   
 
This analysis is follow up to the previous preliminary examination of math Texas Assessment of 
Knowledge and Skills TAKS scores. The analyses reported changes in math TAKS (Texas 
Assessment of Knowledge and Skills) percent items correct in study students receiving the 
intervention from the academic school year 2004-05 to academic school year 2005-06. This 
follow up report presents a re-analysis of student scores through OLS regression (as before), but 
this time using the math Normal Curve Equivalent (NCE) TAKS scores. This was performed 
because, the TAKS test is not a vertically scaled assessment, therefore scaled scores were 
transformed into NCE scores to more accurately compare TAKS tests across years.  
 
Current analyses includes the use of descriptive and OLS regression techniques. In this 
preliminary analysis the outcome variable examined is Math TAKS NCE. Future analyses will 
include examinations of district Benchmark assessments will be analyzed and compared with 
TAKS performance. Future analyses will also include the use of descriptive, OLS regression, and 
regression discontinuity techniques of investigation.  
 
Methodology 
 
Data provided by the district includes indicators for student ethnicity and whether student is 
classified as economically disadvantaged. There were no other indicators such as classification 
as Limited English Proficient (LEP) or participation in Gifted and Talented classes. Students 
included in the analyses were required to have both a 2005 and 2006 math TAKS score (so 
change could be assessed). This means that highly mobile students tend to be excluded from the 
analysis. Students were both 7th and 8th graders in the 2005-06 school year in regular math 
classes.  
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Normal Curve Equivalent scores (NCE) were used to compare TAKS tests across years. NCEs 
are represented on a scale of 1 – 99. The NCE scale corresponds with a percentile rank scale at 1, 
50, and 99. Unlike percentile rank scores, the interval between scores is equal. This allows 
researchers to manipulate the test data algebraically, e.g., comparing across tests across years and 
subjects.  


In these analyses, a value-added Ordinary Least Squares (OLS) regression models were 
constructed by using each student’s previous-year TAKS score or Benchmark score as a proxy 
for each student’s academic level. Using a previous score allowed for a value-added analysis 
from a baseline test (TAKS) to the following assessment.  


A total of four groups of students were compared across analyses. The study group received the 
TI implemented intervention in three 7th grade classrooms and four 8th grade classrooms. Among 
the intervention group, 79 students had both a 2005 and 2006 math TAKS score. The study 
students were placed in the classrooms receiving the intervention based on their 2005 math 
TAKS score. All the students in the study group had a below passing score on the math TAKS. 
Due to the high district mobility rates, many students receiving the intervention (as well as 
comparison students) were not included in the study because a prior TAKS score was not 
available.  
 
A second group was located at the same campus. These students were not selected for treatment 
based on their TAKS scores, these students were the control group. A third group, called 
comparison students, was created from another school in the same district with similar 
demographics (recommended by project director). The comparison student group included 234 
7th and 8th graders enrolled in regular math classes (students in Pre-AP math courses were 
excluded). The final comparison group was all other 7th and 8th grade students (N = 1876) in the 
district that were enrolled in regular math classes (students in Pre-AP math courses were 
excluded) and had a 2005 and 2006 math TAKS score. 
 
Table 1: Comparison of study group students, control group students, comparison students, and 
other 7th and 8th grade students in the district. 
 
Percents 
 


 % 
Econ. 
Disad 


% 
White 


% 
African 
Amer-
ican 


% 
His-
panic 


% 
Other 


% 
Below 
Pass 
2005 


% 
Below 
Pass 
2006 


 
TAKS 
2005 
NCE 


 
TAKS 
2006  
NCE 


Study Students1 
N=79 


47.2 35.9 40.1 22.9 1.0 100 67.1 36.10 42.72 


Control Students 
at Study Campus1,2


N=102 


46.8 25.5 49.0 23.5 2.0 0 35.3 62.06 58.58 


Comparison 
Students1 N=234 


59.3 23.9 50.4 21.0 4.7 41.9 53.0 49.36 47.83 


Other District 
Students1N=2119 


53.0 31.0 28.4 34.0 6.6 28.2 29.2 58.40 57.92 


1 Students in Regular Math with a 2005 and 2006 math TAKS score  
2 Control Students all scored above passing (2100) 
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The most striking change noted in Table 1 is the increase NCE mean score of the study students’ 
math TAKS scores from 36.10 in 2005 to 42.72 in 2006. This is particularly noteworthy due to 
the fact that all three comparison groups had NCE scores decreased from 2005 to 2006. The 
NCE scores for 2005 and 2006 are illustrated in the bar graph in Figure 1 for each of the four 
groups of students that were compared across analyses. 
 
 
Figure 1: NCE scores of Math TAKS for Regular Math Students 
 


 
 
The bars help illustrate that the study student’s TAKS NCE score increased from the TAKS 2005 
to TAKS 2006 more than the other regular math students in the district. 
 
Statistical results 
 
The statistical technique of multiple regression was used to analyze the data. The indicator 
variables that were used to help control for the types of students taking the exam were if a 
student was a minority or is a student was classified as economically disadvantaged. For this 
analysis, the most important variable to examine was the study student variable. Three models 
were created using the different groups as comparisons.  
 
All assumptions for model validity of regression were examined. The Durban-Watson statistic 
was used to measure the correlation among the errors to test the independence assumption. A 
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value less than about 1.4 or greater than about 2.6 indicates a possible violation of the 
independence assumption. A formal test of the assumption of equal variance was made that 
indicated that the outputs from the final model outputs did not present a statistically significant 
departure from equal variance.  
 
The two models presented examined TAKS growth from the 2005 to 2006 administration. Due 
to the low numbers (particularly for the study students) the 7th and 8th grade students were 
combined to form one group.  
 
The dependent variable is the 2006 math TAKS NCE for each student. A previous 2005 math 
TAKS NCE score for each student is included as an independent variable. This is included as a 
proxy for previous learning and allows for a value-added analysis from a baseline year to assess 
growth (change) in student scores. In general student test scores of economically disadvantaged 
and minority students tend to be significantly less than those of non-economically disadvantaged 
and non-minority students. The variables used as controls for economically disadvantaged and 
minority status are applied to help take into account the effect these individual characteristics 
tend to have on test scores. 
 
The major findings for Model 1 (Table 2), indicate that study students, on average, tend to have a 
significantly higher growth in percent items correct than the comparison students F(295, 4) = 
82.25, p< .001, R2 = .53. These results include controlling for economically disadvantaged status 
and minority status (See Table 2). Study student’s estimated NCE score tends to be 5 NCE points 
greater in gains than comparison students. Although, not statistically significant, minority 
students tend to have a lower math TAKS gain than non-minority comparison students. 
 
Table 2: Regression Results-TAKS Math — study and comparison students (2005-06) 


Unstandardized
coefficients 


Standardized 
coefficients


Variables1


B 
Std. 
error Beta t Sig. 


TAKS 2005 NCE 0.734 0.042 0.758 17.363 0.000** 
Students in study campus 5.022 1.720 0.127 2.919 0.004* 
Minority -2.094 2.562 -0.034 -0.817 0.414 
Econ. disadvantaged 0.175 1.625  0.005 0.107 0.915 


1 Dependent variable: TAKS 2006 NCE 
Note. R2 = .532, Durbin-Watson = 2.024, Cohen’s d effect size = -0.93, N = 295 
*p<.05. **p<.001. 
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The major findings for Model 2 (see Table 3), indicate that study students, on average, tend to 
have a slightly higher growth (although not significant) in NCE than the other 7th and 8th grade 
students in regular math in the district while controlling for the comparison students F(2070, 4) = 
612.425, p< .001, R2 = .54. These results include controlling for economically disadvantage 
status and minority status (See Table 3). Study students’ estimated NCE score increase tends to 
be almost 1 NCE point higher the other 7th and 8th grade students in the district, but is not 
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significant. Minority students tended to have significantly less gains in math TAKS than the non-
minority 7th and 8th grade district students. 
 
Table 3: Regression Results-TAKS Math — study students compared to rest of 7th and 8th graders 
in the district (including comparison campus) (2005-06) 
 


Unstandardized
coefficients 


Standardized 
coefficients 


Variables1 B Std. 
error 


Beta t Sig. 


TAKS 2004 NCE 0.674 0.016 0.685 43.155  0.000**
Students in study campus 0.971 1.764 0.008 0.550  0.582 
Minority -4.680 0.621 -0.133 -7.533  0.000**
Econ. disadvantaged -0.389 0.594 -0.011 -0.654  0.513 


1 Dependent variable: TAKS 2006 NCE 
Note. R2 = .54, Durbin-Watson = 0.429, Cohen’s d effect size = -0.89, N = 2070 
*p<.05. **p<.001. 
 
 
Summary 
 
This report describes an analysis of an intervention with the goal of enhancing mathematical 
understanding through the use of graphing technology, in-classroom networks and daily problem 
solving. The intervention has been implemented in several 7th and 8th grade math classes in a 
Texas school district. This analysis examined changes in TAKS math scores of student receiving 
the intervention compared to students not receiving the intervention in the academic school year 
2005-06.  
 
These results indicate that being included in the study group tends to predict an increase in the 
math TAKS assessment. The first model indicated that the estimated math TAKS NCE score 
tends to be about 5 NCE points greater in gains than comparison students. However, in the 
second model, the study group change was not statistically significant, although the coefficient 
was positive, indicating that scores for the study students increased slightly compared to other 7th 
and 8th grade students in the district.  
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Extra Bar-Graph 
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From: Maria Litvin, Phillips Academy, Andover, mlitvin@andover.edu 
 Gary Litvin, President, Skylight Publishing, support@skylit.com 
 Phillips Academy 
 180 Main Street 
 Andover, MA  01810 
 978-475-2447 
 
To: National Mathematics Advisory Panel 
 
Date: October 25, 2006 
 
Re: A Path to Reform 
 
Dear Panel Members: 
 
We thank you for your hard work on the Panel.  We share your deep concern for the 
quality of math education in this country.  We are writing to propose possible concrete 
steps toward reform.  Our proposal is based on three points: (1) developing 
comprehensive instructional materials for middle school math; (2) distributing these 
materials for free (or at nominal cost) to all interested schools; and (3) encouraging 
teacher training in effective use of these materials. 
 
 1. Developing Instructional Materials 
 
Past reform initiatives have often focused on developing student achievement standards 
and curricula, while the hard work of developing actual instructional materials to support 
these standards and curricula has been left to commercial publishers.  Unfortunately, 
these large corporate players often produce second-rate materials and rely on their sales 
muscle to push them through state and district adoptions and sell them to schools.  Our 
own experience as successful self-published textbook authors has demonstrated that a 
group of dedicated, enthusiastic, and well-rewarded authors can fairly easily outsell large 
corporate educational publishers, based solely on quality.  It is true that often the best 
materials are developed on a competitive basis.  It is also true, however, that in this 
enterprise of national importance, the factor of marketing and sales prowess should be 
excluded from the competition. 
 
We propose, therefore, that DOE, possibly in cooperation with donors from private 
foundations and industry, sponsor a national competition for developing a comprehensive 
set of instructional materials for middle school mathematics, including worksheets, 
teacher guides, lesson plans, assessment materials, educational software, etc.  The 
winning entries should be selected by a large impartial jury of prominent, reform-minded 
scientists, engineers, teachers, academics — “The Academy for Teaching Arts and 
Sciences.”  The prizes for the top entries should be substantial: several million dollars 
total.  The competition and award ceremonies should be well publicized.  Copyrights to 
all submitted entries should become the property of the US Government. 
 







 2


 2. Distributing Instructional Materials 
 
After final editing and possibly integrating the best elements from the top entries, the new 
materials should be made available to all interested public, private, and parochial schools 
free or at cost.  This will produce substantial savings for public schools. 
 
 3. Training Teachers 
 
We believe that reform is most effective when motivated by positive incentives for 
individual teachers, not imposed on school districts from above.  Besides providing 
financial incentives for individual teachers, this program should aim to raise the general 
public’s enthusiasm for mathematics. 
 
Working with commercial entities, such as ETS and the College Board, DOE should 
oversee the development of a comprehensive national exam for teachers to test mastery 
of the new curricula and teaching methodologies.  The exam could be administered once 
or twice a year, with a modest registration fee.  Teachers would prepare for the exam on 
their own initiative and register and take the test at their own expense.  Those teachers 
who pass the exam successfully and who are actually involved in classroom teaching of 
middle school math would get a substantial, federally funded, tax-free stipend (e.g., 10% 
of salary).  Teachers may be retested periodically.  Our rough estimate for the cost of this 
program is $1 to $1.5 billion annually. 
 
 Conclusion 
 
We believe that meaningful and realistic reform requires very substantial but still realistic 
funding.  It should start in middle school.  Starting in high school is too late — many 
students are already “lost.”  Reforming elementary school would be ideal, but it does not 
seem to be feasible at the moment.  There is hope that middle school can gradually pull 
elementary school teachers into the process.   High schools will catch up once they 
receive better prepared freshmen.  Any reform must be voluntary for teachers and 
schools.  It should work through financial incentives as well as intangible rewards for 
teachers. 
 
 Who are we? 
 
We are co-authors and publishers of best-selling high school textbooks in computer 
science; we have also published a few math books written by others.  Maria has taught 
math and computer science at Phillips Academy, Andover, for 19 years; she also 
conducts numerous workshops for teachers.  She is a recipient of the Siemens Award for 
Advanced Placement for Mathematics, Science, and Technology for New England and of 
the RadioShack National Teacher Award.  Gary founded Skylight Software, Inc. in 1986 
and Skylight Publishing in 1996.  He has volunteered as a Mathcounts coach at Doherty 
Middle School in Andover, Mass.  Biographical details are available at 
www.skylit.com/maria.html and www.skylit.com/gary.html. 
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To whom it may concern,

Hello.  I am a 6th grade math teacher in Albuquerque, New Mexico.  I have been teaching 6th grade math for 5 years now and I feel that I have a rather good understanding of the curriculum and the standards for which I need to address; however, I have a desperate need to be given an opportunity to speak about my beliefs of the standards and just middle school math in general.  

I am currently teaching the Connected Math Program, a nationally-funded curriculum that Albuquerque Public Schools is piloting through the schools and is encouraging middle schools to adopt this year.  I like the program (this is actually my third year teaching it), but I continue to see some major deficits; both with student success and inconsistencies with how each teacher is implementing it.  I can speak on behalf of many math teachers when I say that teachers struggle with the best practices of teaching math. 

 I understand that our nation is working to strengthen math education through research-based curricula so that we may “gain an edge in the 21st century and catch up to the rest of the world.”  The focus seems to be that teachers instruct students in the elementary schools so that students are prepared for algebra and more advanced math in middle school.  I have been a middle school teacher long enough to know that this focus is unrealistic.  I await the day that a 6th grade student comes to class with his basic skills mastered, let alone prepared to succeed in Algebra.  We are not addressing the real issue.  Students need to be given a curriculum that yes, enriches their understanding of problem-solving and discovery, but more importantly, addresses their gaps.  Students need both and I do not know of a program that address that balance.  I do not know when or what happened in the school system that caused basic math skill implementation to stop being a priority.  It is actually frowned upon now


I noticed that there is only one middle school math teacher represented on the National Math Panel and that teacher is from Fairfax, Virginia.  I think that there should be more than one teacher on the panel.  It is the teacher that knows best what does and does not happen in the classroom.  A teacher from Albuquerque, New Mexico would bring in a whole different perspective.  I am aware that less than half of America’s high school graduates are prepared for college-level math and I strongly believe that those graduates somewhere in their math career, had their basic math skills “passed over.”  Algebra is important, but if a student has not mastered his or her basic skills (the building blocks of mathematics), Algebra will be too demanding and his or her eagerness to want to advance their mathematical knowledge will be next to nil.  The student should be our priority, not whether we are “catching up” to the rest of the world.

I recently just completed making suggestions for the Glencoe/McGraw-Hill Grade 6 New Mexico test prep book. I appreciate what Glencoe is doing for teachers and students on making it easier for Standards to be addressed in the classroom; however, I have some dying suggestions and feedback that I would like to be able to voice. Maybe this underperformance is only in New Mexico, but I am a concerned, passionate teacher that craves to be involved in expressing my ideas and concerns.  I noticed that there is only one middle school math teacher represented on the National Math Panel and that teacher is from Fairfax, Virginia.  First of all, I think that there should be more than one teacher on the panel.  It is the teacher that knows best what does and does not happen in the classroom.  A teacher from Albuquerque, New Mexico would bring in a whole different perspective.  New Mexico needs me.  


I really want to get my foot in the door to make some changes.  I feel that not enough teachers are encouraged to have a voice in the curriculum for which they teach.  Teachers know best what happens in the classroom; they know best what skills, or lack thereof, are brought to the classroom, how quickly and to what extent a math concept takes to teach and be learned, and most importantly, a teacher know best all of the external issues that are brought to the classroom. 

As the New Mexico Standards stand, I feel that they are just too overwhelming for both the teacher to teach and the student to learn.  There are too many of them.  It is just not realistic to assume these standards will all be met with great depth and completion.  In sixth grade especially, I find that students still struggle with their basic skills (just knowing what 8x7 is).  I feel uncomfortable teaching those standards for which they are accountable for, before I address those gaps.  There is not enough time in the day and in the year to address every standard in its completeness to where kids thoroughly understand these standards and can apply them.  Sixth grade is a transitional year academically, physically, and emotionally.  I think that if the state could somehow determine those standards that truly need to be addressed in order for the student to succeed in their next grade level (“power standards”), then classes would be more productive, teachers would be able to enrich their student’s understanding of the curriculum, and therefore, the scores on the NMSBA would increase.  It makes more sense to condense the State Standards for richer and more thorough learning, then to teach too many standards that may not be suitable for that particular grade level, both mentally and academically.  With too many standards to be accountable for and the NMSBA being so imperative in a school’s success, teachers are forced to “teach to the test” and lose sight of what the student needs.  The joys of teaching are slowly slipping away.

I am a frustrated teacher that is desperate for someone like you to allow me to voice my concerns and the concerns of math teachers.  I think my voice will speak volumes for middle school math teachers and also for the students for whom I teach.  I witness and live all the frustrations of teachers and students and I am eager to do something about them.  I would appreciate any help that you could provide.  Thank you for your time and for the opportunity to make some suggestions already.   My contact information is provided.  

Sincerely,


Emily Foster

emilyhwyrick@hotmail.com

foster_e@aps.edu


505-440-3662
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August 31, 2006 
 
 
 
Dr. Larry Faulkner 
Chairman 
National Mathematics Advisory Panel 
U.S. Department of Education Room 7W228 
400 Maryland Avenue SW 
Washington, DC 20202 
 
Dear Dr, Faulkner: 
 
As Orange County Superintendent of Schools, it is a pleasure to present a paper 
for consideration at the September 13-14, 2006 meeting of the National 
Mathematics Advisory Panel. I am very interested in the work that the Panel is 
doing. 
 
Educators within Orange County, in collaboration with the Orange County 
Department of Education, have developed exciting programs including 
Cognitively Guided Instruction (CGI), Teachers Assisting Students to Excel in 
Learning Mathematics (TASEL-M) and the Middle School Gateway Mathematics 
Project. These programs support student learning in mathematics with excellent 
results. In the enclosed information you will see that these innovative programs 
have drawn us to important conclusions about how to approach mathematics 
education and resources for educators. 
 
If you or members of the Panel would like additional information about the 
programs described, please contact me. I look forward to seeing the Panel’s final 
report in February, 2007. 
 
Sincerely, 
 
 
 
William M. Habermehl 
County Superintendent of Schools 
 
WMH:bb 
Enclosure 
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Second set of comments from a mini-workshop:


Comments compiled from emails sent to Dr. Pendleton and to me from a math faculty mini-workshop that was conducted from June 13-27 for five full-days (10:0AM - 4:00 PM).


Comments of professor # 1


I attended the workshop for mathematics faculty given by Professor Brown, Dr. Khatri, and Dr. Hughes. I found it to be very valuable and I have made comments below. I would really appreciate it if you could read them whenever you have time.

 


Sincerely,



Assistant Professor of Mathematics

 


Comments: Faculty Workshop: Improving Retention Rates        27 June 06


I have attended quite a few workshops on improving student learning and “how to be an effective teacher”. I found most of these workshops to be boring, ineffective and a waste of time. Too often there was a focus on theory and pedagogy with no concrete examples.

I found the workshop presented by Dr. Khatri and Dr. Hughes to be a very valuable learning experience. The techniques were presented in a very clear and orderly manner and without unnecessary education jargon. Even the ideas and techniques I had already been using in my class were presented in an innovative way so as not to seem redundant or boring. In fact, the techniques which were discussed were actually used to present the very ideas of the workshop. Talk about tools you can use!

I would recommend that Dr. Khatri and Dr. Hughes prepare various versions of this workshop: week-long version; a two day version (e.g. Saturday, Sunday); etc. and even possibly tailor the workshop to the needs of a particular department. This would allow more faculty to participate, and possibly generate greater interest.

There were many important ideas that I received from this workshop; but the most valuable one by far was “Pruning the Course to Its Essentials”. Coming from the typical mathematics/the sciences training, I’m used to lots of exercises; difficult problems that the professor did not explain, but we were somehow supposed to know how to solve; etc. I felt obligated to teach that way! And for what?! To discourage students who already might have deficient backgrounds or other demands on their self-esteem?! I realized it’s OK to assign only five or ten problems as homework, and to actually give them the exam to practice on, not a sample exam but the actual exam! I have done this for the summer course I’m teaching. At first, I actually felt a little guilty, like I had done something wrong. But then I thought about it-- when I was in graduate school it was common knowledge that most, if not all, of the qualifying exams were on file in the department and sometimes you could even take a course from the very professor who was going to prepare a particular exam. So giving the students the exam ahead of time and allowing them to work on it is not cheating or short changing the students. NO! Students are cheated when I don’t do my job as a professor and present the material they need to solve the problems. 

Giving students fewer exercises and a copy of the exam gives them a clear, practical and achievable goal; and they actually learn the material!

This method is much more effective, and I plan to continue using it.

Comments of professor # 2


I am  in the Mathematics Department Of The University of the District or Columbia. I have had 36 years of teaching experience .I have taught in different universities in America and Africa. I have been very effective as a teacher.As a matter of fact I am “Who is who in American Teachers”.  However I have benefited immensely from this workshop.


 I am learning for the first time,  pedagogical  terms such as anchoring, accelerating slowly, and  so forth. Of course I have been using some of the techniques without knowing their names. I have been guilty of giving a lot of assignments to my students in the past. Above all I have gained a lot of knowledge in computer techniques . The use the spreadsheet in excel and other software usage. 


I recommend that faculty members should be encouraged to attend this important workshop on how to improve retention at UDC.  


Comments of professor # 3


This is an evaluation on the mini-workshop on student retention conducted by Dr. Anne Hughes and Dr. Daryao Khatri from 13 June 2006 to 27 June 2006.

 


The workshop was very useful and conducted in a constructive, collegial manner.

 


Many of the techniques which were discussed are quite similar to the teaching techniques I have adopted in more than 30 years traching at the University level, including at UDC, George Washington and American Universities as well as many professional institutes.

 


I have also lectured abroad at more than a dozen foreign universites and professional institutions and receive accolades for teaching with a modieifed Socratic method, using

 


1 ) Anchors or "rapture"  -   that is gaining and holding student attention

 


2 ) Dedication of student focus - for example, I do not allow students to take notes while I am demonstrating a procedure on the board or with the sympodium or doccam .....but, after completing the presentation, I allow students all the necessary time to copy the notes.......

 


3 ) following the presentation, I check the students' notes to be sure they have caputred them accurately, then I have the students do a follow-up problem to be sure they understand the concepts.

 


4 ) I encourage the students to interact ( but not interrupt ) in the course of the lectures......

 


5 ) Students generally seem to enjoy the class ...... which is taught with humor .....and the students do apppreciate the humor which I bring to the classroom......

 


In the mini - workshop, it has been really useful to hear the experiences of the institute faculty as well as that of the fellow faculty members participating in the institute. It leaves me with a good feeling about the current efforts to improve pedagogy.

 


Comments from Evaluative Instrument


· I give more and more thought to the idea of using name cards, posted on each student’s desk. 

· Good to see faculty engage in learning of pedagogy. 

· Good to have reinforcement of appropriate pedagogical techniques—which certainly vary from “standard” pedagogy. 

· Techniques with Excel-many I’ve used, but not always often—so it is good to review. 
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Jack W. Fretwell

11729 North Shore Drive


Reston, VA   20190


September 8, 2006


“Not Teaching”

My company provides software to help math students master basic computation. Early on, after watching a number of youngsters have fun with the program, I decided to present it to one of our county’s elementary math supervisors. I was pretty enthusiastic and excited when I made the call so I was totally unprepared for the reaction I got. The supervisor listened to my description of the program and replied, “We believe you potentially do more harm than good by asking children to memorize math facts.”


Frankly, I could hardly believe my ears. Since then, I’ve encountered other recommendations by educators and experts to “not teach” things. Marilyn vos Savant has described long division as “hardly better than pressing calculator buttons in a prescribed way.” Processes involving carrying and borrowing are no longer appropriate according to one leading textbook author. Similarly, he goes on, most other traditional algorithms should not be taught.


That some educators expend energy and comment on things that shouldn’t be taught seems strange to me, but I’ve come to learn a little of the rationale underlying “not teaching.” The strongest of these is found in the fairly well known expression “drill and kill.” This must have been at the heart of the supervisor’s comment, the notion being that some forms of learning are punishing to students and stifle their interest in math. Anyone who grew up with speed tests and flash cards knows there’s an element of merit to this idea. 


Another argument for not teaching something is that the investment in time and energy is not worth the payoff in terms of increased learner ability. The advent of calculators makes it possible to place a lot of computational skills into this category, e.g. long division.


A third reason to advocate not teaching something stems from the idea that learning it the wrong way or at the wrong time interferes with learning something else more valuable. You hear this a lot these days:


“If they can simply learn the formula, they won’t bother to study the underlying math.”


“I don’t want them to memorize math facts. I want them to understand the concepts and develop number sense.”


“If we teach traditional algorithms, students won’t get the benefits that come from creating their own.”


Reduced emphases on topics for the sake of student attitude or cost-effectiveness are one thing. But anyone interested in knowledge and learning ought to look very hard at suggestions that a learner is better off not knowing something.


Educational psychologists and learning theorists spend little time thinking about what not to teach. Their approach is that if a thing is worth knowing, the sooner it can be learned, the better. Generally, their approach is to figure out what students need to know, find out what they already know, and build from there. Most often, the easiest, least complicated things come first. 


In math education there are differences of opinion about what should come first. Because “opinion” is the operative word, these differences can be heated and unconstructively distracting. Facts, concepts, memorized processes, problem-solving – the debate goes on with debaters often arguing more from their instincts than from solid knowledge. The truth is that knowing a fact can be helpful in learning a concept and vice versa. Successfully applying a memorized formula just might help a student gain some insight into how and why it works.


 Noted psychologist, Robert Gagne, developed a hierarchy of learning that could be helpful here. Gagne ranked skill types according to their simplicity and their contribution to more complex skills. 


1. Near the beginning are verbal skills 


2. Used to describe facts


3. That may exist in patterns called concepts 


4. That form if-then relationships called rules or principles 


5. That work to develop problem-solving skills.


Based on his hierarchy Gagne would have no problem with a student having memorized the complete addition table even before learning to count. He would probably agree that something special must have occurred to make the task palatable to the learner, but he would predict that, however it happened, the student would now learn to count more quickly and comprehend addition concepts more easily when they were introduced.


Whether you adhere to Gagne’s hierarchy or not, it’s hard to argue with the notion that things build on one another and the more a learner already knows the easier it is to learn something new, especially under the guidance of an effective teacher.


Rather than argue about not teaching things, let’s identify the things that make up a math hierarchy and look for the best ways to help students learn them, as soon as they are able. If math facts are good to know, but “drill and kill” is a problem, let’s find a way to make the process successful and rewarding. If the cost of class time and effort is too high to spend on a topic, let’s find other ways for learners to get it.


Today, we have more capability than ever for developing good learning strategies and programs. Technology makes previously desirable but impractical techniques not only available, but extremely efficient. With personal computers, we have a whole new set of options for designing programs incorporating individualized instruction, self-paced learning, graphics, mixed media, and other proven educational techniques. We should no longer have to “not teach” anything. 


The real challenge facing math education is not making and defending decisions about what to teach and not teach. Whatever a teacher thinks a student will benefit from knowing belongs “in.” The challenge is in committing resources toward building effective and affordable programs to support that teacher.


__Jack Fretwell


September 8, 2006
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NATIONAL MATHEMATICS PANEL

Boston meeting, September 13 and 14, 2006


Remarks by


Irwin Kra


Executive Director, Math for America

I speak today as a very interested and concerned citizen. My contributions to this discussion are informed by three intensive years of work to improve high school math education at Math for America and 35 years as a research mathematician, mainly at MIT and the State University of NY at Stony Brook.  


You will not get much disagreement from any quarter that maintaining a competitive economy demands a technologically sophisticated workforce. We now import many technically proficient workers from abroad and we export many technical tasks.  The cutting edge of our economy is increasingly dependent on this import/export trade. This trade route is not available to our nation’s military and intelligence services, whose present and future need for workers with degrees in math and science can only be filled with home grown talent. It is disturbing and contradictory that a country which aspires to maintain world economic leadership is so gravely deficient in producing the very workers who can make this possible.


At the heart of the problem is the dwindling supply of well-prepared elementary school students ready to do high school work and consequently a dwindling supply of high school students prepared and inspired to go on to receive university training in science and mathematics. And that in turn is primarily due to the dwindling supply of public elementary and secondary school teachers who are knowledgeable in math and science.


The bleak story about math and science achievement among American students is well known to members of this panel. Moreover, I am sure you are each acutely aware of shortages of elementary school teachers who are capable and comfortable to teach math and science to our youngest children and the math and science teacher shortages in secondary schools and the consequent number of out-of-field teachers in our classrooms is also undisputed. We are failing to educate our children for the 21st century.


To teach a subject, whether it be music or Italian or math or physics, one must know it. Those who know math and science are increasingly lured away from teaching by more lucrative positions in the very economy whose future we are hoping to ensure.   In mathematics, the most direct and least complicated solution to a problem is considered to be the most elegant solution. Math for America (MfA) offers an elegant solution to the shortage of competent math teachers in our public high schools:  attract the mathematically competent, train them, and retain them.  To translate this model program to a far reaching national policy, we must resolve to pay for the services our nation needs.  We must resolve to pay our teachers more, and pay them competitively.  


Teachers’ salaries, unlike, for example, pay scales for mathematically competent financial analysts or professional baseball players, are not tied to market forces.  Meaningful incentives, buttressed by comprehensive resources from the federal government, first to attract more qualified individuals into math and science teaching, and then to keep them there, seems the only practicable option.


As a step in this direction Math for America was founded by Jim Simons, a member of this panel.  MfA launched the  privately funded Newton Fellowship program, restricted to high school mathematics teaching, three years ago. We expect that it will serve as a pilot for a future federal program that will include both math and science. Our goals are to improve student achievement in the short term and to build life long appreciation for mathematics. We assumed, and research proved, that teacher content knowledge is essential, and this became the starting criterion for admission to our program. We use standardized tests to insure that all of our Fellows have a deep understanding of math. Of course, we recognize that appropriate deep content knowledge, while necessary, is insufficient.  A second key component of the program is pedagogical training, mentoring and professional development to help our new teachers grow as educators. 


With a prestigious Fellowship program and appropriate marketing we were certain that we could attract top candidates to teach math in New York City. And, in fact, this is precisely what happened. Our program provides Fellows with a full scholarship, including tuition and a $28,000 stipend, to earn a master's degree in math education during the first year.  The 12 to 15 months of training includes pedagogy and advanced mathematics courses.   Fellows are required to accept a position as a New York City public high school teacher in math, for which they receive a standard NYC salary.   At the same time, MfA continues to support and encourage the new teachers for four succeeding years.  During this period they receive annual stipends, starting at $11,000 and ending at $20,000 per year, as a supplement to their regular salaries.


I am confident that the MfA programs in New York City will be a success, but one philanthropic effort in one city is clearly not enough. There are other privately funded efforts to bolster our failing schools. But all these notable efforts are not enough. The approach we have taken in New York, seeking out individuals with high level skills, training them and paying them well to work in our schools, must become national policy.  Without it, we have little  hope for long term success in the technology race that characterizes the twenty-first century.

MfA's Newton programs are in mathematics and at the high school level. National programs to attract, train and retain outstanding teachers of math and science are needed both for elementary and secondary schools. We need more research but certain steps cannot wait for the results of long term studies. Both the research and action agendas should be subjected to what a colleague of mine at Stony Brook referred to as the DIMS (Does it make sense?) test.


It makes sense to develop better tools to evaluate the mathematics content knowledge of elementary school teachers. It makes sense that this content knowledge cannot be divorced from pedagogy. Outstanding research in this area is being done by Deborah Ball, a member of this panel, and her colleagues at the University of Michigan.


It makes sense that state licensure tests for elementary school teachers be strengthened to include reasonable mathematics content knowledge as was done in the state of Massachusetts with the strong participation and support by Sandra Stotsky and Wilfried Schmid, members of the panel.  The Massachusetts requirements are among the nation's strongest, and require additional strengthening.  And all the other states need to catch up to this model. 


It makes sense that all degree programs in Elementary Education include a healthy dose of appropriate mathematics courses as is the case at some, but not most, universities.   


It makes sense that most, if not all, elementary school mathematics be taught by specialists who know and love math.


It makes sense that in order to attract "the best and brightest" to teaching we must offer competitive salaries, mentoring and professional development, and, in general, working conditions that will permit outstanding teachers and potentially outstanding teachers, to succeed.  


Thank you for the opportunity to address this group.  


September 14, 2006 
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G.   STANLEY   DOORE


2913 Shanandale Drive
Silver Spring,  MD   20904-1822


Tel.:  301.572.4939      E-mail:  Stan@doore.net


2006 August 28


Dr. Kathie L Olsen, Ex Officio Member
National Mathematics Advisory Panel
Deputy Director, National Science Foundation
4201 Wilson Boulevard
Arlington VA 22230


Dear Dr. Olsen:


Here are recommendations which should be included in the NMP report.


1.   a. The International System of Units (SI) should be taught and used exclusively in all
science classes and courses while math and other classes should play supportive roles.


      b. The SI Units chart prepared by the US Metric Association should be displayed in every 
classroom and school library.


2.   a. Interactive Automated Assisted Learning (IAAL) software should be prepared and 
made available for everyone for English,  math, science and other subjects to help learners,
tutors, teachers and others to provide standard and consistent content for high school
graduation.  These should be continuous IAAL from Pre-K through high school without
regard to grade level since each student progresses at his or her own rate.  For example,
math should go from zero to differential calculus and include statistics and geometry
branches.


      b. The IAAL courses first should be targeted for video game platforms since these platforms
are readily available in homes and they are inexpensive.  Scoring and testing should be an
integral part of each course much the same as video games.  IAAL also can be used with
the Internet.


      c. IAAL fulfills the motto: “Any time, any place, any path, any pace.” It allows learning to
take place everywhere at any time by people of all ages.


Sincerely yours,
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I have compiled the following comments from different emails that were sent to Dr. Pendleton, Title III UDC Officer and to me. As you know this workshop was conducted for nine full-days (May 2-12, 2006) from 10:00 AM – 4:00 PM everyday. The faculty participated in this workshop voluntarily.


Comment from Professor # 1

The Math Faculty Workshop is the best workshop that I have attended since I have been teaching at UDC. This is the only workshop that taught me how to handle students. The administration should encourage Dr. Khatri, Dr. Hughes, and Professor Brown to offer similar workshops because most faculty think that they know how to teach and reach these students but they don't. The workshop will teach them the techniques. I have the following additional comments:

1. Each new faculty should be required to take this workshop

2. If I had taken this workshop 30 years ago, I would be a better teacher today

3. This workshop should be offered each semester so that the regular full time faculty will take advantage of this techniques

4. I plan to use many of the techniques in all my classes starting this summer

Comments from Professor # 2

Thank you for affording me the opportunity to attend this workshop. This workshop on Improving Retention Rates was very informative. It provided me with ideas of how I can improve my teaching techniques. The incorporation of technology made the workshop very applicable to what we want to do in our classes today. The workshop provoked me to examine myself as an instructor to become even more effective. The workshop opened my eyes. It was so exciting. I can't wait to use some of these techniques in my future teaching experience. I feel this workshop would be great for education majors as a methods course on teaching techniques. It would also be wonderful to share this information with the entire UDC faculty so that we can all improve and glean from one another.

Comments from Professor # 3

I would like to take this opportunity to express my reaction and great delight in having been privileged to attend this Pedagogically based retention workshop.


Being a committed and concerned educator for many years, I am very aware of the great challenges facing educators in reaching and retaining students in our diverse populations.


This “hands-on” participation has refreshed old techniques, taught new techniques, and suggested some innovative ideas worthy of application and evaluation.


I summarize the factors that I found most useful as follows:


 Compilation of many techniques and examples into a very well compartmentalized structure for quick review and detailed discussion.


 Tying the various pedagogical concepts to the teaching of math, physics, and computer sciences was effective…immediate feedback!


 Lots of examples for teacher-student role-playing, some evaluation of observed effects on students motivation, and some encouragement.


 Reinforcement of techniques was found effective.


 A reminder of a cardinal rule that says ‘learning is maximized when the student is fully engaged in the process’. 


Thank you for helping to make this workshop possible.


Comments from Professor # 4

The faculty workshop in computer on computer applications to pedagogy is is an excellent idea.

The techniques and skills aquired will be very usefull to teaching in the class rooms.

Workshops of this nature should be frequently conducted to a cross- section of learners and teachers

We believe that departmental heads particularly for science and math should also be encouraged to participate in these kinds of workshops.

These kinds of workshops will benefit the whole society at large since the techniques and skills acquired will be passed on from generation to generation.

Congratulations for this great agenda! Keep the program alive.

Comments from Professor # 5

There is a great need for college faculty to meet to discuss teaching, especially in an open enrollment institution. Thus, I very much appreciate the opportunity to participate in this workshop on teaching at my home university.

I do feel holding the workshop after finals would have been better.

It is especially gratifying that the leaders of the workshop are all UDC faculty who have expertise in various teaching strategies.

It was also useful that the presentations were subject-specific to mathematics, physics, computer science rather just pedagogy in a general sense. Having it in the Electronic Lab, Room 105, made it easy to follow the presentations that involved using computer programs such as Excel. 

The laptop computer will be of great benefit both in and out of the classroom.

Comments from Professor # 6

I would like to let you know that how much I appreciate to have the opportunity to participate this workshop. I found this workshop to be very interesting. Attending this workshop is full of exciting and fun. I believe by participating this workshop I have learned a lot of new techniques which I may apply to my future teaching . It certainly has great impact on my teaching outlook. I hope we could have more of this kind of opportunity in the near future.

Comments from Professor # 7

Let me take this opportunity to express my sincere appreciation for your support and sponsorship of one of the most awesome experiences for me here at UDC. One can not say enough about the efficient and professional manner in which you and your staff ensured the success of the Math Faculty Workshop.

These nine days have been a very powerful learning and transforming experience. I observed the growth of myself and of my colleagues. We became re-energized each day as Dr. Khatri and Dr. Hughes introduced each new teaching strategy. Each one responded to the problems that confront all of us in the teaching-learning environment. Teaching the pedagogy through a content area for which we only had a vague notion, helped us to witness the growth and development of each other. It also confirmed that these strategies and principles work. 

As confident and sometimes arrogant mathematicians we were humbled and given a new construct for the “highway” to success for our students and ourselves. If our students succeed we succeed.

“Let’s Do it Again!” 

Comments from Professor # 8

I very much enjoyed the challenging, demanding, informative workshop. It was very well organized, useful, and I learned a lot especially in the area of using computer applications in facilitating instruction and in the delivery of instruction. The program would be valuable for all teachers new as well as experienced. New teachers need the program to help them begin using effective techniques in teaching and classroom management early in their teaching career. Experienced teachers need to participate in such a program to update them on new populations of students who are enrolled in all grade levels and how to effectively plan for instruction using new, innovative approaches. The program gave teachers a chance to participate by giving individual presentations as well as paired presentations-a valuable experience to help teachers build relationship in planning together and presenting together. The opportunity to present and receive constructive criticisms as well as self-analysis of ones performance was extremely useful to each participant—as stated by each teacher. The workshop presenters were well trained and professional throughout all activities. It was a great experience and I look forward to sharing lessons that I learned and encouraging other teachers to take the time to participate. Most importantly I look forward to using the knowledge and techniques in teaching mathematics in my next class. I expect to be a more effective, sensitive, organized teacher. I appreciate being a part of such a positive innovative program to improve teaching and to improve my students’ achievement in mathematics.

Comments from Professor # 9

· Outstanding course. 


· Learned importance of more regulations early on. 


· Reinforced importance of avoiding dominance in class by a few students. 


· Agree with focus on techniques of solving problem with student help. 


· Reinforced/highlighted principle of differential knowledge base. (i.e., everyone brings something …….to the class) 


· Stressed one of my WEAKNESS: did not lay clear ground rules for class management/ conduct on day one!! (i.e., no eating, cell phones off/silent; considered absent if moe than 10 minutes late without valid excuse; no discussion among students while I am speaking; no speaking with[out] hand recognition.) 


· Like idea of scanning homework upon entry. 


· Like idea of letting students know of exemption from FINAL EXAM if all A’s or B’s earned and <=x absenses ([what it means is that if a student is absent for more than 2 or three days, that student will not get an A or B in the course].. explanation added) 


· Computer tool most helpful 


Summary: Course reinforced my concepts of:


· “teaching students, not classroom” 


· Making material/concepts relative to daily lives and real world applications. 


· Importance of blending academics with theory and applied learning. 


Comments from evaluation sheet 

The workshop was a fantastic idea and the pair that conducted it were superb. The combination of a mathematical physicist and social scientist reinforced computer applications to pedagogical techniques. The participants had diverse knowledge and experience to the mutual benefits of everyone. The individual and/or pair presentations and the evaluations that followed were thrilling experience and a wonderful way of consolidating knowledge and enriching experience. The simulation of such an adult class to our normal classroom teaching brought a lot of the anomalies of student behavior patterns and how they could be remedied and thus make the teacher master of the class. The participants with their diverse backgrounds had a complimentary influence on each other and on the workshop success. These workshops should be encouraged and facilitated more often particularly for math and science teachers.


Dr. Daryao S. Khatri

Professor of Physics

Author of Books:

"American Education Apartheid--Again", October 2002

"Color-Blind Teaching: Excellence for Diverse Classrooms" - September, 2005

(202) 274-5570
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Comments to the National Mathematics Panel

Meeting 3, September 14, 2006 Cambridge, MA


By Elon Kohlberg, Mathematician, Harvard Business School Professor, and Digi-Block, Inc. Co-Founder


Making Room for Innovation in Teaching


Over ten years ago, I became involved in elementary mathematics education by accident:

in trying to help a young family member who was struggling with arithmetic, I developed a physical model of the base-ten system, called Digi-Block.  As I had hoped, a teaching method based on the use of this model, has proven to greatly simplify and clarify arithmetic for both students and teachers.


But my point here is not to argue the merits of Digi-Block.  Rather, it is this:  


In many fields, some of the best innovations come from individuals or small companies.  In some fields, however, such innovations are choked off by large companies that control access to markets or to essential auxiliary products.  A case in point is personal-computer software, where the dominance by Microsoft’s Windows operating system made it practically impossible for independent innovators to succeed.  Many observers claim that important innovations died or were delayed by many years.


What I have seen from my own vantage point, is a similar situation in the technology of education.  Assume, for argument’s sake, that a teaching method based on the use of Digi-Block, indeed provides significant benefits.  How can this be proved? 


Well, success in the classrooms of some enlightened teachers is considered meaningless.   What one has to do is to show improvement in test scores in ordinary classrooms in ordinary schools.  But, unfortunately, many elementary school teachers are not very strong in math.  They cling to their textbooks.  They have very little confidence in their ability to adopt an innovative method, especially if it seems radically different.  Without training and support, which can only be provided through intervention at the system level (the whole school or district), they will not use the new method, except in incidental ways.  But intervention at the system level will not happen unless the system has seen test-score improvement in similar systems.  This is a chicken-and-egg problem that leads to a vicious cycle of inaction.


I hope that the committee will give some thought to this problem.  It could perhaps think of setting up a standard testing process, not unlike the clinical trials in medicine, where a dedicated organization would be in charge of the choice of classes, the training and support of the teachers, as well as the testing of the results.  Thus the innovator could concentrate on the innovation and not get bogged down by the politics.  This would lead not only to the identification of beneficial innovations but also to the quick weeding out of innovations that are not beneficial.
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Comments to National Math Panel 


Cambridge MA Sessions 9-13-06, 9-14-06

From: Dave Marain, Supervisor of Mathematics


Representing: Ramapo HS Mathematics Department, Franklin Lakes, NJ 07417


Although I would prefer to be present and read this statement personally, the risk of not getting on after making a trip of several hours and the limitation to 5 minutes makes it somewhat prohibitive.


As I’ve noted previously, the limited opportunity for concerned educators and others to express their sentiments balanced against 30-45 minute presentations for textbook publishers and ‘established’ organizations does not send an encouraging message to those who feel the outcomes from this panel are predetermined. I, for one, am more optimistic than that, but the proof will be in the black and white recommendations.


From discussing this with the secondary math teachers in my department, with many concerned parents and with students over some time now, there is broad consensus on the following points:


· Problem:  For some time now, we have observed and endured students’ deficiencies in arithmetic and their impact on the ability to handle algebraic processes, comprehend the rules of algebra and retain algebraic skills and concepts. Our educators see glaring deficiencies in students’ understanding of fractions and ratios. This is not acceptable. 


Recommendation: Students should master the facts of arithmetic and develop proficiency with fractions, decimals and percents WITHOUT the use of the calculator. Using the calculator to promote conceptual understanding and solve real-world problems with ‘messy’ decimals or irrationals is however strongly recommended, We believe this should COMPLEMENT the mastery of arithmetic skills – no more than that. 


· Problem:  Algebra for All in 8th grade? The problem is that Algebra in New Jersey is not exactly the same as Algebra in New York, Algebra in California, and Algebra here in Cambridge! Were it not so deleterious to our children’s development of mathematics, it would be almost ludicrous to consider that textbook publishers are developing state-customized textbooks for Algebra 1 and other math courses. Although the differences are minor, they are nevertheless a reflection of a serious disconnect between what ALL of our students need and the need for publishers to meet the needs of individual education departments of 50 states. Why does it appear so obvious to our educators that it is insanity to have 50 different sets of state math assessments times several grade levels, yet it seems perfectly natural to governors and state commissioners of education. Testing companies are reaping the benefits of this, but are our children? Ironically, testing companies appear to be having difficulty keeping up with the demand for quality assessments. What’s wrong with this picture?


Recommendations:  


· First we have to make sure that we have ‘Arithmetic for All’ in K-7! Our consensus here is that the concepts and skills from arithmetic and prealgebra must be far more standardized than they are now. The ONLY way to insure equity for all is to standardize the curriculum and set the bar higher than it is now.


· Instead of developing massive texts containing beautiful pictures and wonderful applications to every vocation and applications that address every states’ requirements, we strongly believe that the time has come to step back and demand that essential content be given the highest priority. We feel that each of you on this panel needs to ask yourself the following question: How have our esteemed national math and science groups responded to Bill Schmidt’s concerns over a decade ago about a curriculum that is too broad and too shallow? Translating a text from Singapore is not the answer. We need to take the best knowledge we currently have about how children develop mathematical understanding and balance that with the skills needed for those ideas to take root and have meaning. How many of you on this panel have observed numerous math lessons in this country that reflect students’ ‘profound understanding of fundamental mathematics’. We can all cite a few instances for sure, particularly if you are personally working on such a project. We’re talking however about more than a small handful of classrooms.  Why are Japanese students in an 8th grade classroom spending an entire class period tackling sophisticated problems that require analysis, conceptual understanding and skill? In fact, we believe that this kind of activity is precisely what enables a child to develop that profound understanding. Isn’t it all about the kinds of questions we ask and the questions we generate and encourage from our students? Isn’t it all about setting the bar higher? We believe it is. Problem-solving however should only be part of the picture. One cannot solve a problem without the proper tools. We do not believe that the majority of our children are currently provided with those tools. This must change!


Thank you for the opportunity to share our concerns. We fervently hope that the Panel will respond to these concerns and make the bold recommendations needed for our children to survive and compete in the 21st century. We await your response…
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A Dilemma for Mathematics Educators: 
 


 
What practices will enhance learning? 


 


• Commit quality time to analyzing student 
work and learning processes 


• Combine mathematical skills with deeply 
connected conceptual understanding 


• Cultivate a culture of shared responsibility 
for learning 


• Collaborate with colleagues and embrace 
professional development opportunities 


 
William M. Habermehl 


County Superintendent of Schools 
Orange County Department of Education 


 
Linda MacDonell, Ed.D. Assistant Superintendent, Instructional Services Division 


Mary Townsend, Director, Standards and Curriculum 
Dianne DeMille, Ph.D., Coordinator, Mathematics 


Ana Golan, Coordinator, Mathematics 
Ellen Barger, Program Specialist, Mathematics 
Sylvia Evans, Program Specialist, Mathematics 


Joanne Galvan, Program Specialist, Mathematics 
Lydia Song, Program Specialist, Mathematics 


Jonathan Swanson, Program Specialist, Mathematics 
 


200 Kalmus Drive, Box 9050 
Costa Mesa, CA 92628-9050 


714-966-4000 
www.ocde.us 
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Orange County Department of Education 
A Dilemma for Mathematics Educators  


Executive Summary 
 
 
Methods and attitudes created over time and encouraged by both school and home frequently support the 
misconception that there are people who are born to understand mathematics and there are people who 
aren’t. This same attitude would not be tolerated when speaking about reading. As a nation, we have 
inadvertently created a culture of low expectations for the mathematics achievement of many of our 
students.  
 
Elementary teachers, secondary teachers and university faculty all play a part in perpetuating this culture of 
low expectations. The primary culprit is the belief that the best pedagogy is “strategy” dependent. There is 
general agreement that good pedagogy has both direct instruction and applied learning. Although this 
seems logical on the surface, unfortunately, it has not proven sufficient to ensure that large numbers of 
students achieve mastery of higher level mathematics. 
  
So, what must be done to ensure large numbers of students gain necessary mathematical skills to thrive in a 
21st Century economy that will demand ever more sophisticated mathematical knowledge? 
  
We need to break the mold of professional development. We need to dispense with “strategy” formulas 
and embark on an era of inquiry, discovery and collaboration. The Orange County Department of 
Education has been doing just that for the past five years. The focus of our professional development is 
immersing teachers in mathematical tasks designed to analyze conceptual frameworks (teachers’ and 
students’), practice in constructing inquiry questions that deepen student understanding while addressing 
the California State Standards. We have learned that skills and strategies can become obsolete. Engaging 
educators in inquiry and committing to their continuous intellectual growth will ensure continuous 
adaptation to the demands of the 21st Century. 
 
This approach values mathematics as a process of thinking about the real world in rational and logical 
formats. Teachers and students learn, inquire and solve in communities of collaboration. For the teacher, 
this community is a professional support group with coaches from the schools, county office and 
universities that develops deeper understanding of student thinking and how students respond to certain 
problem types.  Consequently, teachers can create classrooms with a similar learning structure in which 
students work in collaboration with other students to deepen their skills and knowledge.  
 
To “break the mold” and improve professional development for teachers we must dispense with formulaic 
and strategy driven approaches and institute professional inquiry. We must give teachers the responsibility, 
time and accountability to develop their own understanding of student learning, develop assessments that 
inform their understanding, develop lessons that are shared and improved. To support this type of 
Professional Learning Community we must provide a cadre of other professionals to join in developing 
this collective knowledge such as regional and county office curriculum experts to coach, inquire, and 
assist classroom teachers. Through a collaboration of both types of professionals professional practice will 
improve and student achievement will rise. 
 
We recommend that, as a national panel, you do not recommend a set of “best methods,” rather that you 
support practices that broaden teachers’ expertise to make the “best decisions” based on collaborative 
inquiry with other professional educators. 
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A Dilemma for Mathematics Educators: 
What practices will enhance learning? 


 


Orange County Department of Education 
Instructional Services Division 


August 2006 
 
 
 
Introduction 
The belief that some students can – and some students cannot – do mathematics is no longer an 
acceptable paradigm. As a nation we have inadvertently created a culture of low expectations for 
the mathematics achievement of many of our students. Changing this outdated mindset begins 
with preparing educators to reach and unleash every student’s mathematical potential. 
 
Time is of the essence. Research shows that our nation has an inadequate number of 
mathematicians, scientists, and qualified mathematics instructors (Ingersoll, 2000), but the 
present static view of teaching does not embrace the dynamic nature of mathematics. 
Mathematics education is further hindered by math phobia, discouraged teachers and reluctant 
learners. The question is, “What practices will enhance learning?” 
 
Programs developed at the Orange County Department of Education are showing that learning is 
enhanced when mathematics educators 


• Commit quality time to analyzing student work and learning processes, 
• Combine mathematical skills with deeply connected conceptual understanding, 
• Cultivate a culture of shared responsibility for learning, and 
• Collaborate with colleagues and embrace professional development opportunities. 


 
 
 
Commit 
For many years mathematics education has endured polarized teaching approaches, with limited 
success. No single approach has resulted in universal student achievement in mathematics. 
Unlimited amounts of research can support either side of instruction methodology debate 
including direct instruction versus a constructive approach, development of skills versus 
conceptual understanding, and determination of appropriate content for grade level and specific 
courses. We have found that, regardless of instruction methodology, math phobia must be 
addressed. 
 
Our experience tells us there is hope for the future of mathematics students when instructors 
abandon the notion that their students should learn as they did. It is crucial to increase the ability 
of teachers to reach reluctant learners and build an understanding of how mathematics works as 
an interconnected system. Educators in our programs who spend quality time observing and 
assimilating their students’ intellectual processes in doing mathematics have been amazed at how 
students demonstrate learning. The diversity of how students express their understanding of 
mathematics has been an impetus for the pedagogical shift we consider necessary to attain better 
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student results. Learning is enhanced when instructors commit quality time to analyzing student 
work and learning processes. 
 
 
Combine 
Knowledge of how students think, combined with knowledge of content is the focus of our work 
at the Orange County Department of Education. Our programs, Teachers Assisting Students to 
Excel in Learning Mathematics (TASEL-M), the Middle School Gateway Mathematics Project 
(Gateway), and Cognitively Guided Instruction (CGI), have met with excellent success 
individually and collectively. 
 
Mathematics educators who participate in TASEL-M, Gateway, and CGI, focused on high 
school, middle school and elementary school respectively, concentrate on the nature of student 
understanding of mathematics. The skills fostered in these programs require a deeply-connected 
conceptual understanding of mathematics, watching and listening to students’ existing and 
emerging conceptions, an understanding of how to define the nature of students’ emerging 
knowledge, and the wisdom and agility to make decision and ask questions that expand the 
boundaries of that knowledge. 
 
TASEL-M, Gateway and CGI each immerse teachers in mathematical tasks designed to analyze 
conceptual foundations, construct inquiry questions, and gain content knowledge. The work 
becomes more meaningful and practical as we help mathematics educators to analyze student 
work samples and classroom performance. Educators in our programs participate in group and 
individual coaching to combine mathematical skills with deeply connected conceptual 
understanding. 
 
 
Cultivate 
John Donne said, “No man is an island.” Modern research and our experience shows that this is 
particularly true in education, and we believe that mathematics instructors become more 
effective when they cultivate a shift from isolation to collaboration in developing, delivering and 
measuring the effectiveness of their lessons. “Teachers must work in collaborative groups that 
provide time for articulating and clarifying the lesson, assessing the delivery of the lesson, and 
reflecting upon the impact of the lesson on student learning” (DuFour, DuFour, Eaker, & 
Karhanek, 2004). Key discussion points include: What do we want all students to learn? How 
will we know when students have learned it? How do we respond when students don’t learn? As 
a result of these collaborative groups – Professional Learning Communities (PLCs) – schools, 
teachers, and administrators change practices.  
 
Educators in our TASSL-M, Gateway, and CGI programs are called upon to become fully 
responsible for student learning, to gain insights from others about the practice of teaching, and 
to design a mathematics program that leaves no child behind. Teachers learn to have productive 
conversations about student work, share student thinking, consider student learning styles, and 
gain confidence in analyzing how students understand and learn mathematics. Our program 
educators become more skilled in leveraging student discourse to uphold a mathematically rich 
environment, and they become empowered to maximize their students’ potential.  
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When responsibility for learning extends to include students, we have seen that students become 
more engaged in their own learning and gain understanding of how lessons and units build to fit 
into the larger picture of mathematics. The power of a collaborative approach to teaching 
mathematics that includes student responsibility is transforming. Success is celebrated by the 
student, his teacher, and the entire PLC, who worked together to cultivate a culture of shared 
responsibility for learning.  
 
 
Collaborate 
Our TASEL-M, Gateway, and CGI program participants all agree that the most precious 
resource, time must be set aside for regular collaboration, professional development, and 
administrative support. Collaboration with peers, combined with professional development, 
provides opportunity to learn how to conduct dialogue around student work and incorporate the 
critical nature of the students’ conceptual foundation in lesson planning. 
 
This collaboration and professional development is proving to be an important component of 
teacher preparation as well. Teacher preparation programs that incorporate the bridge from 
individual responsibility for learning to being an educator responsible for the learning of others 
are invaluable. In our experience, three pre-service teachers who participated in the Orange 
County Department of Education’s TASEL-M program as part of their teacher training were 
ultimately hired into districts where the collaboration of a PLC was not available. Set adrift as 
beginning teachers, after a one-year absence, they each asked to come back to a school in the 
TASEL-M project because of the effectiveness and impact of the professional learning 
community (Pagni, 2006). 
 
When teacher preparation programs include the substantive teaching of collaboration with the 
real complexities of the classroom, the multi-faceted challenges of teaching mathematics become 
more manageable. Teachers entering their first classrooms continue to gain knowledge of what is 
best for student learning. 
 
“The Most effective leadership is shared or distributed in a manner that crafts a common culture 
where all believe they are responsible and accountable for improvement of teaching and 
learning” (Spillane & Halverson 1999). 
 
It is critical that teacher preparation programs, beginning instructors, and seasoned math 
educators collaborate with colleagues and embrace professional development opportunities. 
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R
ECENTLY, I was asked which side I
was on in the current math war. To
clarify my thoughts, I set about re-read-
ing some papers to remind myself what
the debate was all about. Principles and
Standards for School Mathematics was
there, along with the 1989 version,1 as
were magazines, textbooks, lecture notes


and handouts, lesson plans, press clippings, personal
correspondence, and recollections of many conversa-
tions I have been privileged to have with some distin-
guished math educators around the world.


Studying the evidence in these documents has led
me to the conclusion that our children are in danger


of being struck by a good deal of friendly fire. Unfor-
tunately, they cannot escape, for they are the ones com-
pelled to attend school. The rest of us choose to be
there. Therefore it is our duty to take all the precau-
tions we can to avoid collateral damage as the experts
squabble.


Robert Reys has given us a graphic report from the
war zone, where he has witnessed advocates of “re-
form-based” math battling “market-driven” textbook
publishers.2 How sad it would be if the aims of these
JOHN MARSHALL has been developing mathematics curricu-
lum for many years. He was involved in the production of the
Minnesota K-12 Math Framework and has taught elementary
school math methods classes at the University of South Florida,
St. Petersburg.
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two warring parties really were mutually exclusive and
publishers could make money only by failing to pro-
vide our children with the mathematics they need!


Children in school today — and tomorrow — will
need more mathematics than their parents did yester-
day, and they will need to be taught in a far better way.
More done better! That is what this debate is all about
— at least I hope it is. The snag is that history shows
that with change comes conflict, and that is what is hap-
pening now. The transition from an agricultural soci-
ety to an industrial society was difficult. We now find
ourselves in the Information Age, and we need an ex-
tensive mathematics/science base to support it. As long
ago as 1968, Your Child and Mathematics informed par-
ents:


Whether we like it or not, our children will be con-
cerned in the future with more abstract mathemat-
ics than their predecessors. The world of computers
and computer programs, of automatic production
line processes, or of operational research by man-
agements, is a far cry from the world of the nine-
teenth-century clerk, mill-hand, or small industri-
alist. Our most important task must be to teach chil-
dren to think mathematically for themselves. From
a gradual awareness of the patterns of ideas lying be-
hind their practical experiences, there must be built
up a willingness to accept the underlying mathe-
matical ways of thinking which are proving so vital
in the development of modern technological socie-
ty.3


So the future has arrived. Who had a computer back
then? Who doesn’t have access to one now? Today,
machines can do the “rote” processes for us. Thinking
is the hard part. It seems to me that “we should stop
training young minds to do things machines can do,
but rather teach them to do things machines cannot
do.”4 Clearly, “ambitious standards are required to achieve
a society that has the capability to think and reason
mathematically.”5


If thinking rules, then rote memorization has to be
out, and teaching for understanding has to be in. Find-
ing a teaching style that genuinely develops under-
standing is our greatest challenge, for it is not how we
were taught ourselves. We should not, though, confuse
committing things to memory with “teaching by rote.”6


There are plenty of things in mathematics that need
to be stored in long-term memory and recalled when
required. The makeup of the human being would sug-
gest that this task is best achieved when we understand


the information concerned. How we teach today should
be dictated by what we know about how we learn.


But what has changed in mathematics education in
recent times, for the world surely has? Very little, ac-
cording to Michael Battista, who asserts:


For most students, school mathematics is an endless
sequence of memorizing and forgetting facts and pro-
cedures that make little sense to them. . . . Numer-
ous scientific studies have shown that the traditional
methods of teaching mathematics not only are in-
effective but also seriously stunt the growth of stu-
dents’ mathematical reasoning and problem solving
skills. . . . Yet traditional teaching continues, taking
its toll on the nation and on individuals.7


Robert Reys backs up this assertion by quoting James
Hiebert, who said that to assume that traditional math-
ematics programs have shown themselves to be suc-
cessful is “ignoring the largest data base we have. . . .
The evidence indicates that the traditional curriculum
and instructional methods . . . are not serving our stu-
dents well.”8


In addition, an alarming piece appeared in the Wash-
ington Post of 21 November 2001 reporting that only
about “one in five of the nation’s high school seniors
are proficient in math, and two in five in reading.”9


The article continued by pointing out that “Congress
raised the cap on visas granted to foreign workers to
195,000 from 115,000, largely to allow high-tech firms to
fill jobs for which they could not find qualified Amer-
icans.” That seemed to worry the soccer moms I know.
They were anxious that their children would gradu-
ate and still not have the skills for a good job. No doubt
they were aware that the Glenn Commission reported
that the “technology-driven economy of the 21st cen-
tury will add about 20 million jobs to the American
economy by 2008 — if we can only educate our young
people to fill them.”10 And 2008 is not far away.


There is a huge market for the status quo that has
been built up over years, so it will not be changed over-
night. “No change” means that inventory is moved quick-
ly, money is made in the short term, sales staffs are de-
lighted, and mortgages are paid. However, those who
actually pay for these profits are not so happy, as they
see their children just as unsuccessful today as they them-
selves were yesterday. Unfortunately, the prevailing wis-
dom seems to be that more of the same will produce
a different result. Flash cards and testing rule! To de-
velop the war analogy further, the field hospitals are
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filling up. Injections of special remediation are urgent-
ly required, which someone has to pay for. Surely pre-
vention is better than cure? It will be cheaper in the
long run, and it will also be more respectful to our chil-
dren to teach them right the first time.


So the solution appears to be “test them,” and if
they do not like it, tough! But do the advocates of the
test-happy policies honestly believe that yet another
round of testing will do the trick? American students
are already the most tested students in the world.11 Isn’t
there a danger that we spend so much time testing that
we don’t actually get around to teaching? Surely the
evidence from the Third International Mathematics
and Science Study suggests that teachers who can dis-
cuss their teaching, not testing, with knowledgeable
colleagues offer children a better diet.12 However, this
ideal is easier to talk about than to achieve, for such
expertise doesn’t appear to be thick on the ground.
Liping Ma paints a disturbing picture in her study of
U.S. and Chinese teachers. She found that in the U.S.
even “expert teachers, experienced teachers who were
mathematically confident, and teachers who actively
participated in current mathematics teaching reform
did not seem to have a thorough knowledge of the
mathematics taught in elementary school.”13 Finding
a friend to phone could well be difficult.


Simplistic solutions cannot be the answer. Neither
is it just a question of money, nice as that may be. It
is more about changing attitudes toward teaching and
learning, and changing attitudes is extremely difficult.
If I were the secretary of education, the slogan on my
wall would be “It’s the teaching, stupid!” And I would
test everyone who came to visit me to see if he or she
had taken the message on board.


The evidence for change seems overwhelming, ab-
solutely overwhelming. Children do not need more of
the same, for that has surely not worked. Something
drastic needs to be done. So I suppose I am tending
toward the reform side in this war. But does the cure
really lie in NCTM’s Principles and Standards as they
now stand? In one of the math war articles I read, the
materials sponsored by the National Science Founda-
tion (NSF) are recommended because they are based
on the NCTM Principles and Standards.14 It seems to
suggest that only NSF materials support the standards.
But just about everything that is produced today claims
to be “standards compatible” — even the pencils. Every-
one I speak with has the jargon down pat. How can
the classroom teacher tell the difference between the
genuine article and what Walter Sawyer calls “imitation


mathematics”?15 This issue has more “spin” than my
washing machine.


When attending a math conference, one is bom-
barded with all the “in” words. (I am still not sure what
“important mathematics” is or who gets to decide.)
Returning from a conference where the keynote speak-
er had impressed me greatly, I found a textbook that
carried the speaker’s name and opened it at random.
The topic was square roots. I read that each chapter
would have a reality orientation section, as “Real Life
situations motivate ideas and provide additional set-
tings for practice.” As it turned out, the text looked
very much like the one I was taught from — apart
from the absence of the tedious pencil-and-paper pro-
cedure for finding a square root of a large number,
that is. (Talk about procedures that make little sense!)


As for “real life,” there were line drawings of four
squares, a sketch of some Egyptian hieroglyphics, a
triangle whose area is to be found from given infor-
mation, and four lines on an axis, one of which could
be 2x – y = 4. In the section titled “Applying Mathe-
matics” were four word problems of the type “Which
is larger, √2 or 239 ÷ 169?” Is that really “real life”?


Is this what NCTM means, I wonder, when it says,
“Sometimes the changes made in the name of stan-
dards have been superficial or incomplete”?16 I doubt
that the authors of the textbook would agree, for their
approach seems to be consistent with this passage from
Principles and Standards:


In grades 6-8, students frequently encounter squares
and square roots when they use the Pythagorean re-
lationship. They can use the inverse relationship to
determine the approximate location of square roots
between whole numbers on a number line. Figure
6.6 illustrates this reasoning for √27 and √99.17


Neither the sample text I was examining nor the
two versions of the NCTM standards appear to give
a context in which “square roots” are used. Yet all say
it is their aim to see math around us. “When mathe-
matical ideas are connected to everyday experiences,
both in and out of school, children become aware of
the usefulness of mathematics.”18 So how useful are
square roots in life? Just where are they used? There is
no mention of, for example,


• The spaghetti-measuring device we have at home,
which has holes for a single portion and a double por-
tion, with the holes measuring 2.2 cm and 3.1 cm, re-
spectively — giving an enlargement factor of 1.41 (see







Figure 1). (Recall that √2 = 1.414, so 2.2 x √2 = 3.1.)
• The “square” pizza boxes that we have delivered


to our home, which are sized so that one holds rough-
ly two times the amount that the other holds, with the
larger measuring 14 inches and the smaller 10 inches
— giving an enlargement factor of 1.4.19


• The cookie cutters we have at home, one of which
has a diameter of 5.8 cm and the other a diameter of
8.2 cm, allowing one cookie to be about twice the size
of the other — giving an enlargement factor of 1.41
(8.2 ÷ 5.8).


• The square cake pan we have at home, which has
adjustable sides that allow one to make a cake half the
size of the original square, but with the same thick-
ness.


These things seem quite “real” to me, for I handle
them frequently. Someone must have used mathe-
matics to design them.


I find the “intelligence” in the documents I have
accumulated very confusing. For example, Liping Ma’s
study suggests that some U.S. teachers give an expla-
nation of “subtraction with regrouping” that is not “a
real mathematical explanation.”20 She gives an exam-
ple of a situation in which teachers said that “because
the digit at the ones column of the minuend is smaller
than that of the subtrahend, the former should borrow


FIGURE 1.
Use of the Square Root in an Everyday
Object: The Spaghetti-Measuring Device
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a ten from the tens column and turn it into ten ones.”
Does that mean “borrowing” (interest free, of course!)
is not “a real mathematical explanation”? I ask myself.
Yet Principles and Standards for School Mathematics uses
“borrowing” in its examples, and it uses “carrying” as
well.21 Do we or don’t we “borrow”?


The answer must lie with manipulatives — doesn’t
everything? But again I find it very difficult to see how
using manipulatives leads us to an understanding of
the efficient standard algorithms, and I cannot find
much help in the documents I have. I understand that
computation should be set in a context and that these
contexts should be modeled with manipulatives. But
how does Principles and Standards for School Mathe-
matics stand up to that?


Let me turn to an example it gives in which chil-
dren are discussing 728 ÷ 34.22 The problem is not set
in a context, although the text does say that the chil-
dren are finding “the total number of 34s in 728.”
That suggests to me that it is demonstrating the “meas-
ure aspect” of division. The class discussion suggests
that some of these children had been taught “the old
way” and that the excellent teacher is trying to bring
them around to the new way. But then why, for ex-
ample, does one child say, “34 goes into 72 two times,”
when it is not 72 but 720 within the 728, into which
the 34 goes more than two times? Is this the way we
should be teaching students initially? How is this part
of a curriculum for understanding? How would ma-
nipulatives be used to show this “34s in 72” technique?
Is this “a real mathematical explanation” or is it “im-
itation math”? How does the symbolism of “long di-
vision” follow the manipulation of the manipulatives?
How does the language of life match up with the lan-
guage of math? It is far from clear, for I seem to have
more questions than answers. If I had 728 real M&Ms
to put into bags of 34 each, how would I work out
how many bags I will need? Would the “manipula-
tives” require me to say, “34 goes into 72 two times”?
In a real situation, children can “see” the math they
are doing.


And then there is multiplication! If the standards
advise us to model “multiplication problems with pic-
tures, diagrams, or concrete materials”23 so that stu-
dents learn to be clear about what each number in the
problem represents, why doesn’t the picture accom-
panying the discussion in Principles and Standards for
School Mathematics show that?24 As the student in that
photo is working with his manipulatives, the posters
of multiplication tables in the background look aw-


1 serving


2 servings


3 servings


4 servings


The ratio of the diameter of the 2-serving measure to that of the
1-serving measure is not 2 — it is approximately 1.41 or √2.
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fully like the “rote teaching” that has caused so much
concern in the first place. What message does that give
readers? Talk about a picture being worth a thousand
words!


I find the suggestion in Principles and Standards for
School Mathematics that children practice their skills
by using games that require computation as part of
the scorekeeping rather disappointing.25 Games should
be used where mathematical thinking is part of the
move-generating system. In World Class Baseball, for
example, in order to get a hit and advance around the
bases, children have to make at least two numbers, rolled
from three dice, match another number on a card drawn
at random.26 They may, for example, have to manipu-
late 5, 3, and 4 to match 6 (e.g., 5 + 4 – 3 = 6). Keep-
ing score in the game is truly insignificant when com-
pared to the thought processes going on when young
children play with numbers in this way. (In World Class
Soccer, produced by the same manufacturers, every mul-
tiplication fact from 0 x 0 to 10 x 10 can be used to sim-
ulate the excitement of the World Cup!) Good games
can offer a wide mathematical experience at different
levels. Just keeping score is surely not enough.


If we now know more about how children develop,
that must mean we move from concrete to abstract and
back again when appropriate, with all that implies. This
seems to me to be a huge issue in a subject that is about
abstract ideas having real-world applications. The no-
tion of number itself is very abstract. What many would
say is at the heart of mathematics just cannot be touched
or picked up. Richard Copeland addresses this in How
Children Learn Mathematics: Teaching Implications of
Piaget’s Research. He argues:


Counting is often the first mathematical idea taught
to children. It should not be the first mathematical
activity. The idea of classification, or class inclusion,
must be investigated before number can be fully un-
derstood. Classification serves as a basis, psycholog-
ically speaking, for the development of both logical
and mathematical concepts. One of the most elemen-
tary types of classification problems solved by children
in school is that of “sorting,” such as placing things
together that belong together. Classification is fun-
damental to learning about the physical world. It is
a basic operation in logic.27


So sorting is “fundamental to learning about the
physical world,” and classifying comes before count-
ing. Yet my standards-compatible textbook starts with


counting. In counting “one, two, three, four,” how do
children understand about “three”? I ask myself. Nor
is “sorting” mentioned in the section of Principles and
Standards for School Mathematics that deals with num-
ber. It does say, though, that children “should use em-
pirical methods such as matching the collections, which
leads to the use of more abstract methods such as count-
ing to compare collections.”28 What is meant by “leads
to the use of more abstract methods such as counting”?
Is something going on before counting? Just what does
it mean to “understand” number? What is going on in
the classroom to support developing an understand-
ing of number? What do the children play with? What
do they do? What is displayed on the walls? How is it
different from what used to be? It doesn’t seem very
clear to me, and I think it should be.


I keep asking myself over and over whether there is
some paradox in all of this. Are the standards them-
selves “superficial or incomplete,” as they describe some
texts?29 I am beginning to wonder — at least with re-
gard to the foundation-laying elementary school. If
standards-based materials “help students make sense
of mathematics in several ways,” as Trafton, Reys, and
Wasman claim,30 am I reading the wrong material? But
I am reading the exemplars included in the standards
documents themselves, where, for example, I am ad-
vised that it is “misleading” to speak of an “upside-down
triangle,”31 yet I am encouraged to talk about “thick
and thin” ones.32 I also learned there that “the test” ac-
cepted that a (spherical?) balloon was — like a soccer
ball and “my sister’s bra” — a circle. No. No. No! As
I said before, it’s the teaching, stupid!


Over the years I have spent considerable time dis-
cussing with some talented math educators just what
we mean, and do, when we teach multiplication for
understanding. I have further explored this question
by working with some delightful children. Let me now
offer an alternative version of how we might approach
this “hot” topic. It is a suggestion to be debated and
improved upon, and should not be regarded as a set
of rules. Equally, the set of rules that form the basis of
mathematics should not be regarded as suggestions. I
hope my comments add to the deliberations about a
problem that really requires a design solution and not
just some tinkering at the edges.


Before I begin, let me review what Principles and
Standards for School Mathematics advises on page 151.


It is important that students understand what each
number in a multiplication and division expression
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represents. For example, in multiplication, unlike
addition, the factors in the problem can refer to dif-
ferent units. If students are solving the problem 29
x 4 to find out how many legs are on 29 cats, 29 is
the number of cats (or number of groups), and 4 is
the number of legs on each cat (or the number of
items in each group), and 116 is the total number
of legs on all the cats. Modeling multiplication prob-
lems with pictures, diagrams, or concrete materials,
students learn to be clear about what each number
in the problem represents.


Against this background, here are my comments.
Much has been made of the need to move away from
the tradition of teaching by “rote memorization” to
one of teaching for understanding. We have made a
powerful argument for this approach, the major point
being that the human brain functions best when it
“understands.” We have also made the case for how
this should be done — with “concrete models,” that
is, real situations.


Moving the discussion specifically to the teaching
of multiplication in elementary school, we find that
the way the subject has been taught in the past makes
teaching for understanding difficult. In the past we
have drilled students to read sentences such as 3 x 4 =
12 as “three 4s are 12.” From this has come the com-
mon shorthand, “three times four is 12.” But the topic
is multiplication, and 3 x 4 means 3 + 3 + 3 + 3, and
not 4 + 4 + 4. Euclid wrote about this over 2,000 years
ago, saying, “One number is said to multiply another
when the number multiplied is so often added to it-
self, as there are units in the [second] number, and an-
other number is produced.” More current dictionaries
(Webster’s Third, College Edition) say: “Multiplication:
the process of finding the number or quantity (prod-
uct) obtained by repeated additions of a specified num-
ber or quantity (multiplicand) a specified number of
times (multiplier); symbolized in various ways (ex. 3
x 4 = 12 or 3 • 4 = 12, which means 3 + 3 + 3 + 3 = 12,
to add the number three together four times).”


In a curriculum that advocates understanding the
operations, children need to feel comfortable know-
ing that 3 x 4 means 3 + 3 + 3 + 3 and equals 12 and
that it may come from a variety of situations. Experi-
ence has shown that students who come to the idea
without preconceptions feel more “at home” with this
concept than do teachers who are steeped in a “rote
memorization” tradition. These teachers often feel rather
intimidated and somewhat exposed finding that some


mathematics they felt was secure is challenged. Some
are even annoyed with their past. (Unlearning is so much
harder than learning properly the first time around!)
Indeed, many of these teachers argue that 3 x 4 means
the same as 4 x 3 because 3 x 4 = 4 x 3! But this is not
so. The meaning of multiplication is not commutative,
even though the operation of multiplication is. The two
should not be confused but should form part of what
Liping Ma calls the “knowledge package” for multipli-
cation, which in turn is part of the “profound under-
standing of fundamental mathematics” that elemen-
tary school teachers need to develop.33


The difficulty many adults have in accepting that
meanings are not commutative demonstrates how hard
it is to overcome a “rote memorization” background
in favor of teaching for understanding. Young, unclut-
tered minds do not have this problem. As we have re-
peatedly stressed, it is important that students under-
stand what each number in a number sentence repre-
sents, and this applies to both multiplication and di-
vision. For example, in multiplication, unlike addition,
the factors in the problem can refer to different units. If
students are solving the problem to find out how many
legs there are on six cats, the model will show 4 + 4 +
4 + 4 + 4 + 4 (see Figure 2). That is, a set of 4 (legs),
repeated 6 times. The accompanying number sentence
associated with this problem is 4 x 6, where 4 is the
number of legs on each cat (the multiplicand) and 6
is the number of cats (the multiplier), with 24 as the
total number of legs on the cats (the product). “Model-
ing multiplication problems with pictures, diagrams, or
concrete materials, students learn to be clear about what
each number in the problem represents.” Using concrete
materials, or representations of concrete materials, will
make it clear to young children that 4 x 6 cannot, for
example, represent six cats each with four legs, while at
the same time representing four cats with six legs each!
They quite rightly do not believe these are “the same.”
The overriding need to work at the concrete operation-
al stage of a child’s development, the necessity of offer-
ing young learners clear images of mathematical con-
cepts, and our own “clash with the past” are all parts of
the challenge of teaching for understanding.


David Johnson and Julia Anghileri recognize that
difficulties may arise when introducing children to the
“x” sign and suggest that it be left until later: “It is not
wise to introduce the multiplication symbol, x, at this
stage.”34 They suggest that the symbolism 3(2) = 6 be
used to denote situations that come from 2 + 2 + 2 as
a prelude to the introduction of the “x” sign. Here,
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3(2) is read as “3 sets of 2.” Later, 2 x 3 will be read as
“2 multiplied by 3” and come from contexts that mean
2 + 2 + 2. There is much to commend this approach,
which is illustrated in Figure 3.


Developing an “at homeness” with small numbers
allows confidence to grow in young children. There is
nothing to be gained by rushing to handle big num-
bers before the first stage is secure. A curriculum that
supports understanding will stress the language of num-


ber sentences, such as 2 x 3, and will therefore spend
considerable time, in a variety of ways, dealing with prod-
ucts in the range up to 5 x 5. The point is that know-
ing the meaning of 2 x 3 will help children understand
the solution to unknown products, such as 6 x 7. Know-
ing that the solution to 2 x 3 is 6 does not help find the
answer to 6 x 7. We must concentrate on the processes
of mathematics instead of just the results of mathe-
matics. Children need to develop these “power skills.” 


FIGURE 2.
Modeling a Multiplication Problem with a Picture


4 x 6 = 24
(4 legs, 6 times ➔ 24 legs)


4 + 4 + 4 + 4 + 4 + 4


FIGURE 3.
A Preferred Way to Write a Number Sentence


Kirsten sorts 6 apples in 2 different ways.


Adapted from Sir Wilfred Cockcroft, John Marshall, et al., New Curriculum Mathematics for Schools (Harlow, Essex, U.K.: Oliver
and Boyd, 1989). Used by permission of the author.


First she makes 2 sets of 3.


She has a set of
3 apples 2 times.


2 (3) can be written 3 x 2
3 x 2 = 6


Kirsten says: 3 multiplied by 2 equals 6.


Then she makes 3 sets of 2. Complete.


She now has a set of
2 apples __ times.


3 (__) can be written __ x 3
__ x 3 = 6


Kirsten says: ______________ equals 6.
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Many teachers and parents will quite rightly want
their children to commit number facts to memory. In-
deed, it is so crucial to future performance that it is
too important to “mess up.” As Sir Wilfred Cockcroft
put it in a major report on the teaching of mathemat-
ics in England and Wales:


Well-mastered routines are necessary in order to free
conscious attention as much as possible so that it
can focus on aspects of a task which are novel and
problematic. Here again, we need to distinguish be-
tween “fluent” performance and “mechanical” per-
formance. Fluent performance is based on under-
standing of the routine that is being carried out;
mechanical performance is performance by rote in
which the necessary understanding is not present.
Although mechanical performance may be success-
ful in the short term, any routine which is carried
out in this way is much less likely to be capable of
use in other situations or to be retained in long term
memory.35


Mathematics needs to be used. Cramming for the
test may well give false results if the mathematics as-
sessed is allowed to atrophy and cannot be used later.
Feeling “at home” with multiplication facts is not a
fad. Feeling “at home” with mathematics is every child’s
right. To be genuinely good at math is a wonderful goal.


So where does this leave me? I find myself in com-
plete agreement about the need for reform. Let there
be no doubt about that. We cannot go on killing as
many young minds as we have done for generations,
for they will grow up and replicate the problems we
now have, and nothing will have changed. And yes,
the aims and aspirations of current NCTM standards
are to be commended. I just don’t see how many of
the exemplars offered match those aims. To me, they
simply do not seem to reflect the attitude toward the
teaching/learning process that the aims talk about, and
thus they are surely not “what children need.”


The debate in schools must now be about teaching
mathematics. Mathematically able and enthusiastic lead-
ers must be developed — and suitably rewarded — to
lead this debate. It is not a job for just anyone. The Catch-
22 is that, because of the way they were taught, too
many teachers and prospective teachers lack any math-
ematical confidence themselves. However, there are a
number of first-rate, young-at-heart personalities out
there who, with a different leadership, are just waiting


to attack the future. It is they who must be the solution,
and they must be nurtured. With guidelines whose ex-
emplars truly match the stated aims, together with day-
to-day support in which they have confidence, these
teachers will be able to inspire their students and lay a
firm mathematical foundation on which others can build.
In time, they will become the new leaders. When they
do, I hope they will never forget that they came from
the classroom. I hope they never forget what mathe-
matics teaching is all about, for it is not easy to learn
or indeed to teach. I hope, too, that they do not create
a new bureaucracy to replace the one they surely will
have dismantled. And when they become keynote speak-
ers, I hope I am there to hear them.


So whose side am I on in this math war? Why, the
children’s side, of course!


1. Principles and Standards for School Mathematics (Reston, Va.: National
Council of Teachers of Mathematics, 2000); Curriculum and Evalua-
tion Standards for School Mathematics (Reston, Va.: NCTM, 1989).
2. Robert Reys, “Curricular Controversy in the Math Wars: A Battle
Without Winners,” Phi Delta Kappan, November 2001, pp. 255-58.
3. Wilfred H. Cockcroft, Your Child and Mathematics (Edinburgh:
Chambers and Murray, 1968), p. 2.
4. John Marshall, comments to Minnesota Mathematics Framework
Review Conference, St. Paul, 1997; see also 1997 Minnesota K-12 Math-
ematics Framework (St. Paul: Minnesota Department of Children, Fami-
lies, and Learning, 1998), Number Sense, p. 6. Available on the Web at
www.scimathmn.org/frameworks_math.htm.
5. Principles and Standards for School Mathematics, p. 29.
6. The Oxford English Dictionary defines “by rote” as “in a mechanical
manner, by routine; especially by the mere exercise of memory without
proper understanding of, or reflection upon, the matter in question.”
7. Michael T. Battista, “The Mathematical Miseducation of America’s
Youth: Ignoring Research and Scientific Study in Education,” Phi Delta
Kappan, February 1999, p. 426. See also Michael T. Battista and Carol
N. Larson, “The Role of JRME in Advancing Learning and Teaching
of Elementary School Mathematics,” Teaching Children Mathematics,
November 1994, pp. 178-82; and Mary Montgomery Lindquist, Re-
sults from the Fourth Mathematical Assessment of the National Assessment
of Educational Progress (Reston, Va.: National Council of Teachers of
Mathematics, 1989).
8. James Hiebert, quoted in Reys, p. 258.
9. Michael A. Fletcher, “Students Found Lacking in Science,” Washing-
ton Post, 21 November 2001.
10. Before It’s Too Late: A Report to the Nation from the National Com-
mission on Mathematics and Science Teaching for the 21st Century (Wash-
ington, D.C.: National Commission on Mathematics and Science Teach-
ing for the 21st Century, 2000).
11. John Merrow, “American Elementary and Secondary School Stu-
dents Are Tested Far More Than Their Counterparts in Other Indus-
trial Nations,” Education Life, special supplement, New York Times, 13
January 2002.
12. James W. Stigler, “Briefing for the National Commission on Mathe-
matics and Science Teaching for the 21st Century,” Washington, D.C.,
23 September 1999, pp. 19, 23 of the transcript.


(Continued on page 249)







NOVEMBER 2003       249


13. Liping Ma, Knowing and Teaching Elemen-
tary Mathematics (Mahwah, N.J.: Erlbaum,
1999), p. xix.
14. Paul R. Trafton, Barbara J. Reys, and Dean-
na G. Wasman, “Standards-Based Mathematics
Curriculum Materials: A Phrase in Search of a
Definition,” Phi Delta Kappan, November
2001, pp. 259-64.


The Math Wars
(Continued from page 200)


15. Walter W. Sawyer, Mathematician’s Delight
(Baltimore: Penguin Books, 1943), p. 8.
16. Principles and Standards for School Mathe-
matics, pp. 5-6.
17. Ibid., p. 220.
18. Curriculum and Evaluation Standards for
School Mathematics, p. 32.
19. Readers may care to note that, to be more
precise, for the smaller box to be half the vol-
ume of the larger box, the length of the side
would need to be √98 inches, i.e., 9.90 inches.
The school text mentioned above had children
deal with √99 — on a number line!
20. Ma, p. 22.
21. Principles and Standards for School Mathe-
matics, pp. 140, 85.
22. Ibid., p. 153.
23. Ibid., p. 151.
24. Ibid., p. 142.
25. Ibid., p. 87.
26. World Class Baseball is produced by
World*Class Learning Materials, Inc., 111 Kane
Street, Baltimore, MD 21224.
27. Richard W. Copeland, How Children Learn
Mathematics: Teaching Implications of Piaget’s Re-
search (New York: Macmillan, 1970), p. 32.
28. Principles and Standards for School Mathe-
matics, p. 122.
29. Ibid., p. 6.
30. Trafton, Reys, and Wasman, p. 261.
31. Curriculum and Evaluation Standards for
School Mathematics, p. 49.
32. Ibid., p. 30.
33. For “knowledge package,” see Ma, pp. 76-
78; and for “profound understanding of funda-
mental mathematics,” see Ma, pp. 120-23.
34. David Johnson and Julia Anghileri, “Arith-
metic Operations on Whole Numbers: Multipli-
cation and Division,” in Thomas R. Post, ed.,
Teaching Mathematics in Grades K-8: Research
Based Methods (Boston: Allyn and Bacon,
1988), p. 159.
35. Committee of Inquiry into the Teaching of
Mathematics, Mathematics Counts (London:
H.M.S.O., 1982), p. 70. K







Copyright Notice
Phi Delta Kappa International, Inc., holds copyright to this article, which
may be reproduced or otherwise used only in accordance with U.S. law
governing fair use. MULTIPLE copies, in print and electronic formats, may
not be made or distributed without express permission from Phi Delta
Kappa International, Inc. All rights reserved.


Note that photographs, artwork, advertising, and other elements to which
Phi Delta Kappa does not hold copyright may have been removed from
these pages.


Please fax permission requests to the attention of KAPPAN Permissions
Editor at 812/339-0018 or e-mail permission requests to
kappan@pdkintl.org.


k0311mar.pdf


John Marshall, "Math Wars: Taking Sides," Phi Delta Kappan, Vol. 85,
No. 3, November 2003, pp. 193-200, 249.


File Name and Bibliographic Information






_1234960118.pdf


  1 


 


 


         Intervention That Adds Up: The Impact of Merit Software on Standardized    


                        Achievement Test Scores of Middle School Students 


  


 


                                Dr. Samuel Securro, Jr., Professor of Education 


                                        Marshall University Graduate College. 


                                           South Charleston, West Virginia 


 


                                   Dr. Jerry D. Jones, Professor of Education 


                                       Marshall University Graduate College 


                                          South Charleston, West Virginia 


 


                                    Mr. Danny Cantrell, Project Evaluation Coordinator 


                                               West Virginia State University   


                                                      Institute, West Virginia       


 


                                     Mr. James “Mickey” Blackwell, Principal       


                                              Horace Mann Middle School 


                                               Charleston, West Virginia 


  


                                              







 2


                                                                                                                 


                                         About the Authors 


  
Dr. Securro is a faculty member in the Elementary and Secondary Program who 
regularly teaches graduate courses in educational research and writing and  
advanced, computer-based statistical analysis. He prepared the research design and 
conducted the statistical analysis, tables and related results for the present study. 
 


 


Dr. Jones is a faculty member in the Educational Leadership Studies Program who 
regularly teaches graduate courses in school supervision and the role of the principal. 
He conducted the study in the field and was responsible for school personnel orientation 
data collection and subject selection and arrangement in the school. 
 
 
Mr. Blackwell is the chief school administrator for Horace Mann Middle School 
who made the arrangements for the study, promulgated the various permission and 
consent levels needed for participants and managed the technical environment for 
curriculum software delivery. 
 


Mr. Cantrell was the principle writer for the project and was responsible for the selection 
and review of related background studies and arranging and narrating the final product. 
Danny is currently pursing a doctorate at Marshall University Graduate Center in 
Educational Leadership. 


 
 


 2







 3


                                                         Abstract 


 The No Child Left Behind Act mandated the need for researched-based 


interventions to increase and to improve learning and achievement for all youngsters. 


Research in computer-based instruction and intervention for learning basic skills and 


related achievements in content area subjects has documented the need for controlled 


investigations of such software and how it may improve the learning and performance 


for all youngsters, and particularly for those who are in the “lower quartile” of school 


achievement. Although the current study focused on the effects of Merit Mathematics 


software on the achievement of middle school youngsters, effects of the treatment were 


also included for social studies, science, and reading/LA as measured by the state-


mandated testing program in West Virginia (WESTEST).  


 A pre to post analysis was performed using a t-test for dependent samples to 


measure the overall differences in WESTEST mean scores from pre to post conditions 


for each of the four content areas, and results were statistically significant for all four 


WESTEST mean score pairs  (p .000, SPSS Version 13.0).  Effect size measures 


revealed the following magnitude of change: Mathematics (.844); Reading/LA (.223), 


Science (.132), and Social Studies (.166). The effect size of .844 for Mathematics is an 


extremely large value, indicating a very substantial difference (increase) in these scores 


from pre to post.  


 Two socioeconomic factors (ethnicity and eligibility for free lunch) were 


incorporated into the study to determine if these factors affected the outcomes. 


Inspection of independent t test results were insignificant, indicating that ethnicity and 


free lunch were not major factors in the overall outcomes
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Introduction 


 Merit Software, a publisher of software since the 1980's, has commissioned 


ongoing studies on the impact of Merit software on student achievement. This study is a 


follow-up and extension of an earlier study conducted at Calhoun County Middle School 


in rural West Virginia. The first study demonstrated that Merit Math software improved 


the achievement of students in grades six and eight on all nine of the SAT-9 variables. 


The current study investigated whether Merit software improved the achievement of 


middle school students in an urban setting in southern West Virginia in science, 


mathematics, social studies and English/Language Arts. 


       Administrators and teachers at Horace Mann Middle School in Charleston, West 


Virginia agreed to participate in a treatment versus comparison group study. No Child 


Left Behind Legislation spotlighted the need to improve the achievement of struggling 


students and these administrators and teachers wanted to investigate the impact of 


effective, research-based programs and interventions on the learning of all students.  


The research team coordinated the project with school administrators, trained the 


participating teachers in the use of the software, and collected and analyzed the data.  


Review of the Literature 


          A systematic review of published literature was undertaken to assess the 


effectiveness of educational software, including a few large-scale reviews of multiple 


software programs.  


         Schacter (1999), writing for the Milken Exchange on education technology, 


analyzed five large scale studies of education technology that had been done up to 


1999 to summarize  the impact of educational technology on learning.  He reported the 







 5


findings of Kulik’s (1994) meta-analysis study of 500 individual research studies of 


computer-based instruction which showed that: 1) students who used CAI scored, on 


average, at the 64th percentile on achievement tests compared to students in control 


groups without computers, who scored at the 50th percentile; 2) students receiving CAI 


learn more in less time; and 3) students have more positive attitudes toward their 


classes and like them more when their teachers include CAI. 


  Schacter, cites Mann’s 1999 study of West Virginia’s Basic Skills/Computer 


Education (BS/CE) program, which analyzed a representative sample of 950 fifth-grade 


student’s achievement from 18 of the state’s elementary schools, He found the 


following:  1) a rise in student test scores on the Stanford 9  corresponded with 


increased levels of participation in BS/CE;  2) all students scored higher on the Stanford 


9 because of BS/CE, with the greatest increase in scores among the lower achieving 


students;  3) 50 percent of the teachers in the sample reported technology had helped 


considerably with the state’s instructional goals and objectives, and they became more 


enthusiastic about BS/CE with the passage of time; and 4) boys and girls did not differ 


in regard to achievement, access, or computer use in the study. CAI has demonstrated 


a positive impact on mathematics achievement in a national study. Wenglinsky’s 1998 


National Study of Technology’s Impact on Mathematics Achievement (summarized in 


Schacter), assessed the effects of simulation and higher order thinking technologies on 


a national sample of 6,227 fourth graders’ and 7,146 eighth graders’ mathematics 


achievement on the National Assessment of Educational Progress (NAEP). Wenglinsky 


found that eighth graders who used CAI displayed gains in math scores of up to 15 


weeks above grade level as measured by NAEP.  Also, when the teachers of eighth-
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grade students received professional development on computers, their students showed 


gains in math scores of up to 13 weeks above grade level. Higher order uses of CAI and 


professional development positively correlated to student academic achievement in 


mathematics for both fourth- and eighth-grade students. 


 The Wenglinsky study is particularly important because it used a national 


database, (NAEP,1996) and advanced analysis techniques to isolate the effects of the 


computer from the myriad other factors involved in student achievement” (Barton, 


1998). For eighth graders, the study found that “the frequency of home computer use 


was positively related to academic achievement and the social environment of the 


school, [and] the use of computers to teach lower-order thinking skills was negatively 


related to academic achievement and the social environment of the school” (3).  


 When the relationship between technology use and achievement is measured in 


terms of estimated grade levels, the estimates suggest “substantial positive benefits of 


technology for eighth-graders, but mixed results for fourth-graders” (30). Wenglinsky  


emphasized three implications of these findings: 1) state and federal policymakers 


should take every effort to insure that teachers are properly trained to use computers; 2) 


teachers should focus on using computers to apply higher-order skills learned 


elsewhere in class, and 3) the  primary focus of all technology initiatives should be on 


middle schools rather than elementary schools  because most higher-order concepts 


are not introduced before middle school. 


  


 Brown (2000) found that lower achieving Black students who used the CAI made 


greater mathematics progress than did those in the control group who did not use the 
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program. His research provides strong evidence for the use of CAI as a supplement to 


classroom instruction of mathematics in elementary students and in middle school 


algebra students.  Specifically, he found that Black students who ranked below their 


White classmates in mathematics achievement levels gained the most from the CAI 


software.  He believed these differences may be attributed to the fact that White 


students began the program with higher achievement levels than Black students, 


leaving less potential for growth among White students and greater potential for growth 


among Black students.                                                                                                                


 Some researchers have found that CAI has raised achievement scores for lower 


achieving students. Christmann and Badgett (1999) compared science students who 


were taught with traditional instructional methods to whose who received traditional 


instruction supplemented with CAI.  Their results revealed that students receiving the 


technology supplemented instruction had higher academic achievement. The authors 


reported that CAI has been more effective in raising achievement of lower ability 


students. Christmann further noted that researchers Atkinson (1969) and Watson (1972) 


pointed out that “the computer can supplement the drill-and-practice of traditional 


instruction through relevant practice exercises,” and that the “tutorial mode of the 


computer presents the student with an introduction of concepts that is followed by 


appropriate questioning strategies.” 


 According to criteria defined by Bindig (2002), Merit Software modules fit a  


tutorial category rather than Drill and Practice or Application.  The distinction is made 


primarily due to the involvement of higher levels of cognitive thinking required.  In 


addition to developing academic skills, the various modules require the use of meta-
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cognitive strategies associated with analytical reading.  Close inspection of the various 


software programs and the interaction of the programs by students reveal that students, 


in order to be successful, are required to monitor their reading, focus upon salient 


characteristics of the complete text, and to reread to check on their understanding 


and/or to confirm their selection of target items.  Even when unsuccessful, attention to 


the computer feedback signaled the students to reprocess the information in various 


ways ranging from rereading to eliminating reexamined information. .                                                     


          A 2002 analysis of 95 reviews of rational number software published over  


the last 20 years found a lack of implicit rubrics about how and what students will learn 


mathematically as they utilize particular educational software  (Kafai, Franke, & Battey, 


2002).  The study suggested that review criteria based on principles of mathematical 


inquiry could help reviewers more accurately evaluate the actual potential and benefits 


of investigated software and give teachers better information on how to choose and 


integrate educational software into their classrooms. Merit Software possesses 


characteristics of exemplary software programs: unit activities support a balanced, 


integrated mathematics program that includes reading, writing, thinking and word study. 


The software features skill and review that promote automatic recall of core content and 


concepts that leads to effective, efficient problem-solving with tasks that are more 


difficult (Bruning, Schraw, and Ronning, 1999). In addition, Merit software supports 


constructivist learning by providing students with choices, decisions, and multiple 


completion paths for problem solving, enhancing cognition, and learner motivation. Merit 


Math software provides positive, formative feedback and scorekeeping and includes 


record keeping that enables students and teachers to monitor progress (Spitzer, 1996).  
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Merit programs afford students temporary, flexible scaffolding at the point of difficulty.  


When students encounter a problem with a program unit, they can access several forms 


of assistance that review concepts, show examples, and provide opportunities to retry a 


skill in a supported environment. Unlike more structured programs, students and 


teachers can alter sequence and repetitions within units to maximize learning, a feature 


Kemp (1997) identified with effective software.  A set criteria needs to be attained 


before a student can satisfactorily complete the exercises.  The exercises can be reset 


they require to master the concept and can immediately re-enter the sequence of unit 


activities with different examples for additional practice. Students control the degree of 


assistance 


 The review of the literature supports that CAI is an effective classroom tool for 


raising student scores on standardized achievement tests and appears particularly 


effective for students of lesser abilities or lower achievement levels. The several studies 


which report successful applications of CAI must be evaluated separately for the 


strength of each design. Studies which follow Wenglinsky’s recommendation to follow  


students over time and measures academic achievement pre and post to CAI are 


currently the exception. 


 


Research Questions 


 This study, informed by the issues raised in the review of the literature, set out to 


examine the impact of Merit Math software on student learning and achievement, and 


specifically on low achieving students through a quasi-experimental study with random 


groups. Three questions directed the research:   
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     1.   Is there an overall change (increase) in pre to post Westest mean scores for 7th 


and 8th graders at HMS? 


2. Is there a difference in the post Westest mean scores among 7th and 8th graders 


who participated in Merit instruction compared to their peers who were given 


traditional instruction? 


3. Did socioeconomic variables (i.e., ethnicity and eligibility for free lunch) have any 


 influence on Westest mean scores?         


Project Setting 


Kanawha County – The Community 


 Kanawha County, West Virginia, includes both urban and rural sections with a 


population of 195,218. The per capita income is $32,789, and the median household 


income is $35,355. Over one-third of the population report their professions as 


management, professional, and related occupations. Eighty percent of persons over 25 


have graduated high school and 20.6% of those over 25 have a Bachelor's degree or 


higher. In the city of Charleston, 32.6% of persons over 25 has a Bachelor's degree or 


higher. Eighty percent of the population of the city of Charleston is White; 15.1% of the 


city of Charleston's population is African American. 


 


The Kanawha County School District 


 Horace Mann Middle School is located in Charleston and for the 2004-2005 year 


it served 411 students in grade 6 through grade 8, with a student teacher ratio of 15 to 


1. Fifty percent of Horace Mann Middle School students qualify for free or reduced-price 
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lunch compared with a state-wide average of 54%.  Sixty-three percent of students are 


White and 36% are African American.  


Curriculum 


 The West Virginia Content Standards and Objectives (CSOs) describe the 


knowledge expected for all students at every grade level, including those with 


disabilities.The mathematics curriculum for grades six through eight at Horace Mann 


Middle School is aligned to West Virginia Mathematics Content Standards and 


Objectives (CSOs). Teachers are expected to use programs and learning experiences 


that support the CSOs. 


           The West Virginia Department of Education changed its standardized 


assessment instrument from the norm-referenced SAT-9 to the WESTEST, a 


customized, criterion-referenced test aligned to the CSO’s noted above. The 


WESTEST, in addition to scaled scores, identifies students at the Distinguished, Above 


Mastery, Mastery, Partial Mastery and Novice levels. The cut scores for each range 


were field tested between 2003 and 2005 and continue to be refined. 


 


Procedures 


         The Merit Mathematics Program assists students with mathematical problem  


solving and application exercises employed in four areas of study: Fraction Shape-Up, 


Pre-Algebra Shape-Up, Basic Algebra Shape-Up, and Word Problem Shape-Up. 


 Software units consisted of four sets of exercises that promoted skill 


development and strategic thinking for the following: 
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• Tryout is a pre-test that can provide the teacher and student with information 


about relative skill and strength.  


• Warm-up isolates a skill and provides several opportunities to perform that skill. 


Feedback is provided and set criteria need to be reached before a student can 


satisfactorily complete the exercises.  


• Workout is a more rigorous exercise that inter-mixes mathematics skills. 


Feedback is given, and percentage of accurate responses much be reached 


before completion is achieved.  


• Finals serve as a post-test. The program includes record keeping and helps 


monitor students’ progress 


 


 Treatments. 


          Treatment group received two 45-minute sessions per week of Merit treatment for 


9 weeks. Where the Merit programs displaced curricula, the treatment groups did not 


make up the work that the comparison groups completed. The treatment group did not 


utilize the Glencoe Math software program that was used by the comparison groups. 


 The comparison group followed the regular mathematics curriculum, tied to West 


Virginia CSOs. Teachers selected materials and developed instructional activities that 


enabled students to master the content standards and taught these during two 45-


minute daily math blocks. Grade seven students had lessons based on the Mathscape- 


Seeing and Thinking Mathematically series of books. Grade eight students had lessons 


based on the Mathscape-Seeing and Thinking Mathematically series of books and the 


Glencoe Math software program. 
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Study Design and Methodology 


 This study is a quasi-experimental, two group, pretest to posttest design, with 


random assignment to experimental (Merit) and control conditions (traditional content 


instruction). Dependent measures included standardized test scores in four content  


areas: Mathematics, English/LA; Science, and Social Studies on year-end, state-


mandated tests. Data  were analyzed separately and comparatively using a t-test for 


dependent samples to measure the  differences in WESTEST mean scores for the Merit 


and control groups. The influence of socioeconomic status (eligibility for free and 


reduced lunch) and student ethnicity were also analyzed. Finally, a post hoc analysis 


was obtained for those in the lower quartile.   


   


                                                   Findings of the Study 


                  To obtain an overall analysis, the data sets had to be resorted and “cleaned” 


due to a number of incomplete and missing cases of pre and post test data. For 


example, some students may have been absent on pretest days but present on posttest 


days, or vice-versa. Thus, an original data base which numbered 177 was sorted to 109 


subjects. The two occasions for data collection were for 7th and 8th graders completing 


year-end state-mandated assessments in 2004 (Pretest) and in 2005 (Posttest).  


Descriptive data are shown in Table 1. In addition to the descriptive data, paired 


samples correlations were obtained to determine equal variances. All four pairs were 


significant at p .000. 
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               A dependent samples t test was obtained to measure the overall differences in 


Westest mean scores. These measures were obtained independently for each of the 


content areas (Mathematics; Reading/LA; Science and Social Studies).  


These results are depicted in Table 2 and are statistically significant for all four Westest 


mean score pairs (p .000, SPSS Version 13.0).                 


             Inspection of the paired mean differences in Table 2 shows a statistically 


significant increase in mean test scores for the four content areas from pre to post. 


Additionally a Bonferroni adjustment was made beforehand for the alpha level with a 


test of significance at .05 to control for family wise error, which yielded a p of .0125                               


            How significant or dramatic were these differences? Effect size measures were 


calculated for the four pairs to determine the magnitude of the change. These results 


were as follows:  Math (.844); Reading/LA (.223); Science (.132) and Social Studies 


(.166). Following effects size guidelines of Cohen (1998) (small effect = .01; moderate 


effect = .06; and large effect =.14), the obtained values for the study pairs were large. 


The effect size of .844 for Mathematics is an extremely large value. 


 Although significance is obtained for the pre and post scores Westest  scores, 


other variables can potentially account for some of the “good” variance. Socioeconomic 


factors are always a factor to consider when interpreting gains (or losses) in 


standardized achievement test scores. These factors (ethnicity and eligibility for free 


lunch) were incorporated into the current study to determine if such influence affected 


the outcomes. Separate independent samples t-tests were obtained for the four pairs to 


compare the groupings. In each case, the equality of means test (Levene’s) was not 


significant, indicating that the various distributions had equal variances. The 
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independent t test results were not significant for the pairs, with values between .441 


and .925, indicating that ethnicity was not a major factor in the overall outcomes. A 


similar, but lesser effect was found for “free lunch” which also resulted in no differences 


for Mathematics, Science and Social Studies, but a “near effect” for Reading/LA, (p > 


.07). 


             Lower quartiles are of interest given their importance in school performance 


compliance. Westest scores for those in the bottom quartile for merit (11) and non merit 


(13 ) were compared using an independent t test. These results were not significant (p 


.104) but yielded means of 654 for Merit compared to 646 for Non-Merit. Although not 


significant, it is an important 8-point difference if it can be replicated with large sample 


sizes. 


Recommendations 


 To further increase the validity of the comparison of students in treatment groups 


(those using computer assisted software) and those in the control groups (those using 


more traditional methods of instruction), detailed records should be kept regarding the 


amount of time each group spent on each concept subject or content area.  Also, the 


same pretest and posttest measures should always be administered to both groups.  


 The amount of time spent utilizing the Merit software may impact the results 


obtained through the use of the Merit (and other) computer software. The most recent 


NAEP report (Sandene, 2005) indicates that student degree of familiarity with 


computers can play a significant role in test results obtained from computer 


administered tests.  To further refine studies of the effectiveness of computer software, 
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a test should be designed which could reliably determine student computer facility for 


both training and testing purposes.  Additionally, treatment periods should be extended 


for the entire semester, or for a minimum of 18 weeks to ensure “bonding”. 


 Teachers and students using the Merit software modules should be interviewed 


during and after use of the software to determine how their experiences may contribute 


to modifications in the design of future editions of the modules.  A comparison of the 


views of high and low achieving students may hold valuable clues as to how educational 


software might be improved to benefit all students, and not just those who are low 


achieving.  
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  Table 1    Descriptive Data for Westest Content Area Pairs


683.0550 109 31.05307 2.97434


699.0092 109 32.52478 3.11531


677.8073 109 33.26200 3.18592


688.4220 109 29.77144 2.85159


685.0550 109 30.41955 2.91366


695.4404 109 38.04297 3.64386


679.0092 109 28.99984 2.77768


687.2477 109 31.50666 3.01779


WestMath_0304


WestMath0405


Pair 1


WestRLA_0304


WestRLA0405


Pair 2


WestSci_0304


WestSci0405


Pair 3


WestSocSt_0304


WestSocSt0405


Pair 4


Mean N Std. Deviation Std. Error Mean


 


 


 


                       Table 2    Paired Sample t test for Westest Content Pairs


-15.95413 16.88435 1.61723 -19.15975 -12.74850 -9.865 108 .000


-10.61468 19.90575 1.90663 -14.39394 -6.83542 -5.567 108 .000


-10.38532 26.87209 2.57388 -15.48720 -5.28344 -4.035 108 .000


-8.23853 18.57413 1.77908 -11.76497 -4.71209 -4.631 108 .000


WestMath_0304 -
WestMath0405


Pair
1


WestRLA_0304 -
WestRLA0405


Pair
2


WestSci_0304 -
WestSci0405


Pair
3


WestSocSt_0304 -
WestSocSt0405


Pair
4


Mean
Std.


Deviation
Std. Error


Mean Lower Upper


95% Confidence Interval
of the Difference


Paired Differences


t df
Sig.


(2-tailed)
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There are three problem areas in elementary mathematics instruction, and they include: shallow mathematics curricula (over emphasis on rote memorization and low-level math skills), under-prepared teachers (lack understanding of how children learn math or conceptual understanding of key math concepts), and uninformative assessments (too broad to help teachers make meaningful and informed decisions in the classroom). I recommend the National Math Panel explore how instructional technology can support teacher professional development, classroom instruction, and student learning. Instructional technology allows the easy manipulation of models and math concepts difficult to reproduce offline, it provides convenient facilitation of presentations and assessments, and it is a natural draw for young students. 

In 1989, the National Research Council (NRC), the principal operating agency of the National Academy of Sciences in providing services to the U.S. government, began publishing a series of reports underscoring the need for everyone in an information-driven society and economy to achieve mathematics fluency. Despite this call, and despite fifteen intervening years of reform advocacy by organizations such as the National Council of Teachers of Mathematics (NCTM), recent NRC reports highlight many entrenched problems facing American mathematics educators. 


There is hope. Researchers continue to provide new evidence that the innovative practices recommended by NCTM and others do work. While for decades many Americans have declared, almost proudly, “I’m not good at mathematics,” the changing landscape of educational emphasis will, with concerted effort, one day make such admissions rare, and certainly not something to be proud of. 


One day, America will be a nation of mathematics—not mathematics in the sense of academics who devote their lives to advanced calculus, but mathematics in the sense of people who embrace mathematics as a useful, flexible tool and not as an abstraction to be feared or avoided. To get there will require some profound changes, however, in how schools approach mathematics instruction. 


Address Shallow Mathematics Curricula


One area in which schools need to improve, according to the NRC (2001), is in the depth of their mathematics curricula. The NRC comments: 


State, national, and international assessments conducted over the past 30 years indicate that, although U.S. students may not fare badly when asked to perform straightforward computational procedures, they tend to have a limited understanding of basic mathematical concepts. They are also notably deficient in their ability to apply mathematical skills to solve even simple problems. (p. 4) 

The NRC credits this limited understanding of basic concepts to mathematics curricula it characterizes as “shallow, undemanding, and diffuse in content coverage” (p.4). Whereas many other, higher achieving countries tend to go deeper into fewer concepts, American curricula cover more concepts, forcing superficial coverage. 


Widely used textbooks exacerbate the problem. The NRC (2001) notes, “To be sold nationwide, a textbook needs to include all the topics from the standards and curriculum frameworks of at least those influential states that officially adopt lists of approved materials. Consequently, the major U.S. school mathematics textbooks, which collectively constitute a de facto national curriculum, are bulky, address many different topics, and explore few topics in depth” (p. 37). 


As a publisher of supplemental curricula, PLATO Learning has looked at ways to leverage technology to provide deeper instruction and strengthen conceptual understanding of the big ideas in mathematics and complement classroom instruction supported by popular math textbooks. After significant R & D efforts, PLATO Learning released a new K–6 elementary mathematics curriculum called Straight Curve™ Mathematics in 2006. Rather than try to address a broad array of objectives in a shallow way, Straight Curve Mathematics targets those objectives deemed hardest for students to learn and hardest for teachers to teach. 

Every lesson in Straight Curve Mathematics contains five different activities, each with a distinct instructional purpose: 


· Online Mini-lessons—designed to help teachers deliver meaningful direct instruction 


· Online Investigations—designed to challenge students to find patterns or solve a significant problem in small groups 


· Workshop—whole-class discussion about the Investigation 


· Online Games—practice 


· Online Quizzes—formal practice and assessment 


The interactivity of instructional technology helps improve the teaching and learning of mathematics. One example is providing teachers with online lessons that can be projected into the classroom to support direct instruction or classroom discussion around key math principles. Another example is developing core math skills by playing online math games that are engaging and help students persist at mastering low-level math skills.


Use Meaningful Assessments to Impact Instruction


A second weakness of American elementary mathematics programs identified by the NRC is a lack of meaningful assessment. To be sure, American children face a great number of assessments, many of them carrying serious consequences for students, teachers, and schools. However, these summative assessments do not provide specific information to teachers that they can use to guide their day-to-day classroom teaching. Further, current forms of assessment encourage a specific style of instruction that emphasizes procedures and repeated practice over deeper development of mathematics concepts. A higher focus on formative assessment in the classroom is needed.

Even so, collecting data and knowing what to do with it or how to interpret it are two different things. The NRC notes (2001), “Teachers’ understanding of their students’ work and the progress they are making relies on the teachers’ own understanding of the mathematics and their ability to use that understanding to make sense of what the students are doing. Moreover, after interpreting students’ work, teachers need to be able to use their interpretations productively in making specific instructional decisions: what questions to ask, tasks to pose, homework to assign” (page 350). 


Here again technology can support teaching professionals to deliver formative assessments. Online formative assessment tools provide many benefits, including: automatic scoring of quizzes and assessments, support materials to interpret results, and quick feedback for making timely instructional decisions that will impact student learning.

Offer Sustainable Math Professional Development Opportunities


Finally, the NRC (2001) notes, “the preparation of U.S. pre-school to middle school teachers often falls far short of equipping them with the knowledge they need for helping students to develop mathematical proficiency” (p. 4). In an important study in the 1990s, Liping Ma compared the conceptual mathematical knowledge of American teachers with their Chinese counterparts. She gave a group of above average American elementary teachers problems like [image: image1.emf] and asked them to come up with models or scenarios to help students understand this problem conceptually. Almost none of the American teachers could give a real-world scenario that might lead to this calculation—with many of the teachers giving scenarios that really illustrated different problems like [image: image2.emf]. In contrast, the vast majority of Chinese teachers in the study could give a real-world application of this equation, with many teachers generating multiple scenarios. Ma notes that teachers who only understand mathematics as a series of rote procedures will only be able to teach it as a series of rote procedures (Ma, 1999). 


Deep conceptual understanding of mathematics is important, but teachers also need professional guidance about teaching strategies. Absent quality professional development, teachers tend to teach as they have always taught. Certainly, this inertia protects classrooms from premature adoption of educational fads, but it also excludes teachers from taking advantage of techniques developed or validated by rigorous research. 


The NRC, in fact, cites three types of preparedness needed by teachers: knowledge of mathematics, knowledge of students, and knowledge of instructional practice. In terms of knowledge of mathematics, the NRC notes (2001): 


Many recent studies have revealed that U.S. elementary and middle school teachers possess a limited knowledge of mathematics, including the mathematics they teach. The mathematics education they received, both as K–12 students and in teacher preparation, has not provided them with appropriate or sufficient opportunities to learn mathematics. As a result of that education, teachers may know the facts and procedures that they teach but often have a relatively weak understanding of the conceptual basis for that knowledge. Many have difficulty clarifying mathematical ideas or solving problems that involve more than routine calculations. For example, virtually all teachers can multiply multi-digit numbers, but several researchers have found that many prospective and practicing elementary school teachers cannot explain the basis for multi-digit multiplication using place-value concepts and the underlying properties for adding and multiplying. In another study, teachers of fourth through sixth graders scored over 90% on items testing common decimal calculations, but fewer than half could find a number between 3.1 and 3.11. (p. 372) 


As for knowledge of students and instructional practices, the NRC, among others, has observed the remarkable consistency of instructional practices in mathematics over the past 100 years. Despite real advances in what we know about mathematics pedagogy, surprisingly little has changed in the classroom. 


One way to address this challenge is through the use of instructional technology designed to support classroom teaching. For example, Straight Curve Mathematics supports teachers' conceptual knowledge of mathematics and how it applies to instruction. The interactive curriculum has embedded teacher support materials that provide teachers with a variety of resources, including guidance about anticipated misconceptions and how to address them. Beyond the teacher support materials, every electronic lesson begins, by default, with a Mini-lesson. The Mini-lesson is a direct instruction component, designed to guide teachers toward making successful presentations of the content. The Mini-lessons are flexible enough to support experienced teachers, but have enough embedded support to guide teachers toward providing students with conceptually deep and correct instruction, all the while upgrading their own knowledge of mathematics concepts. Every Mini-lesson includes an on-call narrator that teachers can use to preview the instructional content to help them prepare for teaching it. The narrator, along with the teacher support materials, provides positive teaching models. 


Based on my previous comments, I encourage the National Math Panel to explore how instructional technology can support teacher professional development, classroom instruction, and student learning. PLATO Learning advocates placing emphasis on the teacher as instructional leader and utilizing technology to provide resources that can dramatically improve academic performance in elementary mathematics classrooms. 
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Making the cut: the impact of an integrated
learning system on low achieving middle school
students
B. O’Byrne, S. Securro, J. Jones & C. Cadle
Marshall University Graduate College, South Charleston, WV, USA


Abstract Research in integrated learning systems has demonstrated a need for rigorous studies that


identify how such systems influence learning, and in particular that of low achieving stu-


dents. No Child Left Behind legislation mandated evidence-based interventions as the


standard for instructional approaches in American public schools. This quasi-experimental


study investigated the impact of Merit literacy software on students in West Virginia. The


study confirmed that the software supported the reading and language arts curriculum and


significantly improved the scores of low achieving middle school students on three variables


of the WESTEST, a criterion-referenced state test: reading and language arts, science, and


social science. This integrated learning system was effective with rural and urban school


populations.


Keywords empirical research, integrated learning system, low achieving students, rural, urban.


Testing mandated by the No Child Left Behind Act


(2001) identified thousands of students who failed to


meet state and national literacy standards. Local and


state administrators were left with the task of evalu-


ating and selecting evidence-based literacy programs


to meet the needs of students, especially low achieving


students. Software companies, claiming exciting


learning gains associated with their products, offered


timely support (No Child Left Behind Dominates at


FETC 2003). However, these programs are especially


challenging to assess because of the lack of systematic


research demonstrating their effectiveness in helping


students learn. Whether or not you believe in the in-


creased focus on testing, as an educator, you have an


interest in how ILS are evaluated and how they meet


the needs of children who struggle.


Merit Software Corporation commissioned this


study as part of ongoing product testing. The research


team designed the study, coordinated the project with


school administrators, trained the participating tea-


chers in use of the software, and collected and ana-


lysed the data. This study is a follow-up and extension


of an earlier study conducted at Calhoun Middle


School in Mount Zion, West Virginia. The first study


concluded that Merit Reading software improved the


achievement of students in grades six and eight on all


nine of the SAT-9 variables measured in the study


(Jones et al. 2004-2005). The current enquiry wanted


to find out if this ILS continued to improve the


achievement of students at Calhoun Middle School,


and in particular, low achieving students. To further


assess the impact of the software on student achieve-


ment, the study compared the results of participants


from Calhoun Middle School, a rural school, to those


attending Grandview Elementary, an urban school in


West Virginia.
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Review of the literature


The dual objectives of improved test scores and re-


search-based instruction have renewed interest in ILS


evaluation. Yet validation of software programs by


software developers remains the exception rather than


the rule, and, according to Buckleitner (1999), has de-


clined since 1984. Zane and Frazer (1992), replicating


the work of Truett (1984), found that few software


companies field test their products and fewer still vali-


date learning claims associated with ILS. These authors


contend that software companies are responsible for


demonstrating the value of their products in much the


same way that developers of standardized tests are re-


sponsible for ensuring that their products meet stated


claims. Empirical testing is the professional standard


expected to validate educational gains, yet Jones and


Paolucci (1999) noted that only 5% of published re-


search concerning the effectiveness of ILS is sufficiently


empirical and quantitative to support conclusions. There


is no debate about the need for research on the impact of


ILS on what and how children learn (Underwood &


Brown 1997); salient questions are the kinds of research


that needs to be done and the impact of ILS on different


student populations.


One strand of ILS research has investigated the


impact of design features on student learning. Kemp


(1997) found that software offering students some


control over the amount, review, and sequence of in-


struction resulted in higher achievement and better


attitudes towards learning. Software that included


embedded cognitive strategies such as repetition and


rehearsal of content, paraphrasing, drawing inferences,


and generating illustrative examples provided students


with a learning advantage by moving students from a


faulty perception to a more accurate understanding of


concepts. Multi-tiered scaffolding of instructional


support, still graphics, devices such as voice-activated


software and touch screens, and varying wait time


between completed tasks supported sound teaching


practices and enhanced student interest (Lewis 1999).


Management systems that gather data automatically


and can be printed out in a series of different reports


are now enhanced by flexible delivery systems adap-


table to different learning/teaching needs and course


options (Brown 1997).


In the wake of the No Child Left Behind legislation,


American educators are taking serious interest in


programs that aid student skill acquisition, strategy


activation, and can be managed by subject specialists


rather than an IT specialist (Maddox 1991; Papert


1993). Such systems support authentic, integrated in-


struction (Shade & Watson 1990). Case and Truscott


(1999) cautioned that many teachers express frustra-


tion with rigid, ‘skill-driven’ reading software pro-


grams that do not expose students to authentic literacy


tasks. Furner and Daigle (2004) and Goyne et al.


(2000) developed guidelines and surveys to evaluate


the quality of software. Hoffmann (1985) suggested


that the concept of ‘utility’ might be a refinement on


that of quality because no software is good for all


learners and for all learning.


A second strand in software research featured stu-


dies that demonstrated the positive effects of ILS


through ‘before and after’ analysis of results on stan-


dardized tests. ClassWorks implemented in the curri-


culum of George Middle School in Portland, Oregon,


correlated with significant improvements in reading


and mathematics scores on state tests, including a 25%


increase in eighth grade reading scores and a 50%


increase in mathematics scores from 2000 to 2001


(George middle school increases student learning with


comprehensive learning system 2002). Student reading


comprehension at Humble Middle School in Humble,


Texas showed gains of 1.13–1.45 years, based on


analysis of pre- and post-results of the Gates-MacGi-


nitie reading test, following introduction of Autoskill


International reading software program in 1992–1993.


Participating special education students showed gains


in reading comprehension skills at three times the rate


of previous years (Texas middle school adopts soft-


ware for reading assessment and instruction 1995).


A third strand of research investigated the impact of


ILS on the literacy achievement of specific student


groups, chiefly struggling readers and ‘at-risk’ stu-


dents, through studies where the experimental group


served as its own control with pre- and post-test scores


identified as the critical variable. Students in grades


one through three at a rural district in Nebraska who


were in the 50th percentile or lower in both reading


and mathematics on the California Achievement Test


(CAT) reported a statistically significant increase at


the 0.006 level and 0.001 level, respectively, on Mixed


Subjects Analysis of Variance Tests of Between-


Subject Effects associated with use of Computer


Curriculum Corporation software (Isernhagen 1999).
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An intervention using the RITA system resulted in


significant overall improvements in comprehension


and accuracy of eight seriously disadvantaged middle


school children in the United Kingndom. Pre- and


post-tests administered using the Wechsler Objective


Reading Dimension (WORD) and the Neal Analysis


of Reading Ability showed that accuracy improved


from 8.34 to 8.47 years; comprehension scores in-


creased from 7.95 to 8.55 years (Lynch et al. 2000).


Traynor (2003) demonstrated the impact of Skills


Bank Corner Stone in improving the performance of


four student groups at a Bloomington middle school:


special education, sheltered English immersion (non-


English proficient), traditional English immersion


(limited English proficient), and regular education.


These students completed a pre- and post-test for the


capitalization subject area, chosen because it con-


tained the most pre-test scores (n 5 161). A dependent


t-test showed a statistically significant difference be-


tween pre- and post-test scores for the entire sample


and for each of the four student groups.


A fourth strand of research conducted experimental


studies to assess the impact of ILS on student learning.


Ligas (2002) conducted a 5-year longitudinal study


that examined the impact of computer-assisted in-


struction on reading achievement of ‘at-risk’ elemen-


tary and middle school students in Broward County,


Florida. The study found that the group of students


who used the software for 12 h or more outperformed


the group of students who did not use the software, or


used it less than 5 h, by 7.74 points on the SAT-8


Reading Comprehension average normal curve


equivalent (NCE) scores. Mann et al. (1999) conducted


a study of West Virginia’s Basic Skills/Computer


Education (BS/CE) by analysing results from a re-


presentative sample of 950 fifth-grade students from 18


elementary schools across the state. The study showed


that the longer students participated in the BS/CE, the


higher their test scores on SAT-9. These experimental


longitudinal studies obviate many of the limitations of


the earlier studies. However, longitudinal studies make


it more difficult to control variables that influence


student learning such as teachers, instructional meth-


ods, texts, and student motivation.


One experimental study demonstrated that use of


the CAI program, Communism and the Cold War,


improved the social studies achievement of high


school students in a culturally diverse Brooklyn, New


York high school. Researchers used a pre-test–posttest


experimental design with a random sample of 10th


grade social studies students. Both the experimental


and the control group had similar scores in global


studies before the intervention; both groups had the


same teacher, used a common text, and met 5 days a


week. At the end of the study, the experimental group


achieved statistically significantly higher scores than


the students in the comparison group on a post-test


based on items from a global studies unit of the New


York Regents Examination (Adonri & Gittman 1998).


However, more extensive experimental studies in the


United Kingdom commissioned by NCET (now BETA)


on the impact of SuccessMaker on reading development


and achievement showed an inconsistent pattern, and in


some cases, use of ILS was associated with lower stu-


dent attainment (Wood 1998). Some research supported


the view that ILS was more effective for high and low


achieving students but had little influence on students in


the middle range (Becker 1992). ILS appear to be more


effective on aspects of learning that are rule based such


as spelling and less effective on dimensions of learning


that are associative such as interpretation of a text


(Wood 1998). An emerging trend in recent research


found more significance in the ways schools in-


corporated the software into learning activities and the


willingness of teachers to change their ways of teaching


(Underwood 2000; Ainsley et al. 2002).


While the research generally confirmed that the use of


ILS is consistent with higher standardized test scores,


the lack of rigor in the design of many of the studies


raised questions about the findings. The first strand of


the research, valuable in establishing the features of an


effective ILS, relied on analyses of surveys and de-


scriptive statistics to support findings. The absence of


control groups, prevalent in studies in the second strand


of the review of research, limited the validity of the


findings. Further, the diversity of classroom conditions,


including teaching style, texts, and other learning ac-


tivities made it harder to identify the ILS as the factor


that accounted for improved test scores. The third re-


search strand more narrowly focused on ‘at-risk’ stu-


dents or struggling readers but typically measured


effectiveness with a pre- and post-test model much like


that found in strand two. Again, control groups were


frequently absent. Further, virtually none of the studies


was replicated at different times or with different stu-


dent groups to verify the reliability of the results.
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The absence of a comparative analysis of test scores


of participants to other groups of students, character-


istic of most studies, raised the possibility that gains


could be attributed to factors other than the ILS in-


tervention. Comparing groups within a school, a


methodology described by Wood et al. (1999), gives a


finer gauge of the impact of the intervention on


learning groups within a common environment.


The fourth research strand featured three experi-


mental studies that demonstrated the impact of an ILS


on student learning but only one, Ligas (2002), fea-


tured software specifically designed to support reading


and writing curricula. A promising experimental study


on social studies (Adonri & Gittman 1998) was also


limited by the relatively small number of participants


(n 5 70). A larger experimental study in the United


Kingdom found mixed results on the impact of ILS on


student attainment (Wood 1998). A longitudinal study


established a weak link between ILS and American


student achievement (Weaver 2000), similar to results


in a study from the United Kingdom (Moseley et al.


1999). The scarcity of such rigorous studies attests to


the difficulty of conducting experimental research in a


school setting and the mixed results suggest a need to


refine and narrow research questions. One clear need


that emerges from the review of the literature is for


rigorous experimental studies that identify specific


student groups advantaged by ILS.


Research questions


Informed by the issues raised in the review of the


literature, this investigation examined the impact of


the Merit reading and writing ILS on student learning


and achievement, and in particular, on low achieving


students through a quasi-experimental study with


random groups. Three questions drove the research:


1. Did the reading and writing ILS continue to have a


positive impact on middle school students’


achievement, as measured by WESTEST results?


2. Did the reading and writing ILS have a significant


impact on the performance of lower achieving


middle school students?


3. Did the reading and writing ILS have the same


impact on the achievement of students attending


rural and urban schools?


Project settings


A rural and an urban school


A large, rural school was selected to determine if the


software made a difference in the achievement of


lower achieving students. An urban school was chosen


to determine if the software intervention was equally


effective in both settings. Calhoun Middle School is a


rural school on the Ohio River in northwestern West


Virginia that serves students from grades five through


eight, roughly ages 11–15. Grandview Elementary


School is 3.8 miles from Charleston, a major city and


the state capital; it serves students from k-grade 5,


roughly ages 5–11.


The demographics of rural and urban living in West


Virginia are studies in sharp contrasts. According to a


2000 census, the population of Calhoun County was


7582, that of Kanawha over 200 000. Virtually 100%


of the population of Calhoun County was Caucasian


while 7% of Kanawha County was African American;


at Grandview Elementary the percentage of African


American was 19%. The unemployment rate in Cal-


houn was 12% in 2000, double the rate in Kanawha


County. The average household income in Kanawha


County was $33 766; in Calhoun the figure was


$21 578. In Calhoun, over 25% of persons lived below


the poverty level while in Kanawha the figure was


14.4%. While Calhoun County had only one com-


prehensive Middle/High School, Kanawha County had


several k-5 elementary schools, k-8 schools that


combine elementary and middle school, 6–8 middle


schools, and 9–12 high schools. Across the state,


particularly in urban settings, grade five is housed at


either a grade or middle school facility, depending on


school enrollment patterns.


The two schools selected for this study, however,


shared many education-related characteristics. The


education levels of teachers at both schools exceeded


the state average for teachers with post-Bachelor’s


education. The average years of experience of teachers


at both Grandview (18.1) and Calhoun Middle School


(16.9) fell below the state average (18.5). Calhoun


Middle School had an average class size of 18.8; that


of Grandview Elementary was 14.7. Students at both


schools followed a core curriculum, without electives


or streaming and had uninterrupted literacy blocks of


90 min or longer. In 2002–2003, students in grades 5,


6 at Calhoun scored below state averages on the total
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Basic Skills Percentile SAT; students in grades 3 and 4


at Grandview Elementary also scored below state


averages scores. However, students scores on the


SAT-9 improved the longer they remained at both


schools; SAT-9 scores of grade 7 students attending


Calhoun Middle School as well as those of grade 5


students at Grandview were higher than state averages.


Curriculum


A change in state-wide assessment in 2004 had sig-


nificance for this study. The West Virginia Department


of Education changed its standardized assessment in-


strument from the norm-referenced SAT-9 to the


WESTEST, a customized, criterion-referenced test


aligned to West Virginia’s Content Standards and


Objectives (CSOs). The WESTEST identifies students


at the Distinguished, Above Mastery, Mastery, Partial


Mastery and Novice levels through a range of scores at


each level. The cut scores for each range were field


tested between 2003 and 2005 and continue to be re-


fined. Results from the WESTEST inform curriculum


planning and development.


The language arts curriculum for grades six through


eight at Calhoun County Middle and Grandview Ele-


mentary School is aligned to West Virginia Reading


and Writing Content Standards and Objectives (CSOs).


Teachers are expected to use programs and learning


experiences that support the CSOs. The content of the


software units used in the study aligned with 73.3% of


the Reading and Language Arts CSOs for grades 5–8.


Procedures


Description of the ILS


Merit shares the features of modules and a manage-


ment system, common to all ILS. The modules pro-


mote automatic recall of core content and concepts,


leading to effective, efficient problem solving of


complex tasks (Bruning et al. 1999). Bindig (2002)


described Merit modules as ‘tutorials’ rather than


‘drill and practice’ because they require higher levels


of cognitive thinking and use of metacognitive stra-


tegies associated with reading. In addition, the writing


software provides students with choices, decisions,


and multiple completion paths, enhancing cognition


and learner motivation. Formative feedback, scor-


ekeeping and record keeping enable students and


teachers to monitor progress. When encountering a


problem, students can access several forms of assis-


tance that review concepts, show examples, and pro-


vide opportunities to retry a skill. Students and


teachers can alter sequence and repetitions to max-


imize learning. A set criteria needs to be attained to


satisfactorily complete a unit. Exercises can be reset


with different examples. Students control the degree of


assistance they require and can immediately re-enter


the sequence of unit activities.


The study employed seven Merit programs:


� Accu- Reading Units 1–6


� Vocabulary Fitness Units 1–4


� Vocabulary Stretch Units 1–4


� Paragraph Punch Units 1–5


� Essay Punch Units 1–3


� Grammar Fitness Units 1–3


� Writing Fitness Units 1–3


Creation of treatment and comparison groups


The summer before the start of the 2003–2004 school


year, the principal of Calhoun County Middle School


used a computer-scheduling program to place sixth,


seventh, and eight graders, ages 12–15, into 12 het-


erogeneous classrooms (four classes per grade) based


on classroom assignment, grade level, and needed


skills. The computer-based program also assigned


teachers to these classrooms based on grade and sub-


jects taught. The principal at Grandview Elementary


randomly assigned students ages 11–12, to two fifth-


grade classes. The intervention began in the winter


semester 2004 at both schools. One teacher at each


grade level taught the treatment sections. A different


teacher at each grade level taught the comparison


groups. Where needed, teachers selected which of


their classes would be in the treatment group.


Scheduling and teacher planning considerations


made it difficult to balance the comparison and treat-


ment groups. There were 172 students in the treatment


group at Calhoun: 72, 50, and 50 respectively from


grades 6, 7, and 8. There were 66 students in the


comparison group: 19 from grade 6, 22 from grade 7,


and 25 from grade 8. There were 44 grade five parti-


cipants in the Grandview group, 23 in the treatment


group and 21 in the comparison group.


222 B. O’Byrne et al.


& 2006 The Authors. Journal compilation & 2006 Blackwell Publishing Ltd







Activities of treatment groups


The treatment groups received 90 min of intervention


per week, although Calhoun split this time into two


sessions per week and Grandview into three. Students


in the treatment groups followed the regular classroom


program for the remainder of the literacy block.


Where the software instruction displaced curricula, the


treatment groups did not make up work.


Activities of the comparison groups


The comparison groups at Calhoun and Grandview


followed the regular reading and language arts curri-


culum, tied to West Virginia CSOs. Teachers selected


reading materials and developed instructional activ-


ities to facilitate student mastery of state content


standards and objectives. Grade six and seven students


at the Calhoun Middle School had reading and writing


lessons in a 90 min period based on Elements of Lit-


erature (Introductory Course) and The Writer’s Craft;


grade eight students has lessons based on Elements of


Literature (Second Course) and Elements of Language


(Second Course). Grade five students at Grandview


Elementary had literacy activities based on the Scott


Foresman Fantastic Voyage. Their two and one-half


hour daily literacy block included guided reading,


writing, and responding to literature, and 30 min daily


on the computer program, COMPASS.


Study design and methodology


The study employed a quasi-experimental post-test


design to assess the impact of Merit software on the


achievement of Calhoun students, especially low


achieving students, and on students attending rural and


urban schools. The study lacked random selection but


had random assignment. Several measures from the


GRADE Test, including pre-test sentence, passage


comprehension, and vocabulary confirmed no statis-


tical differences between the treatment and compar-


ison groups and established the equivalency of groups.


The study used a post-test only design to measure the


impact of Merit software on treatment and comparison


groups because the WESTEST, the standardized test


used in West Virginia, was first administered after the


study had started.


The first research question, the impact of the in-


tervention on the achievement of Calhoun Middle


School students, was addressed through descriptive


statistics. The dependent variables were reading and


language arts, social studies, science, and mathematics


raw test scores from the 2004 WESTEST.


The impact of the intervention on low achieving


Middle school students was addressed through analy-


sis of raw score ‘quartile’ differences between the


treatment and comparison groups at Calhoun Middle


School, as measured on four measures from the


WESTEST. To obtain the analysis, frequency dis-


tributions were obtained by employing the descriptive


statistics function on SPSS. The results provided dis-


tributions with raw scores arranged from lowest to


highest and the related cumulative percentage for gi-


ven variables. Using these percentages, raw score in-


tervals were derived for each quartile (25, 50, 75) for


the treatment and comparison groups. For each de-


pendent variable, the associated raw test scores were


tabulated into the data editor and an independent


samples t-test was obtained for each quartile. To en-


sure equivalent group variability, the t-test for in-


dependent samples used throughout the data analysis


included Levene’s Test for Homogeneity of Variance.


To determine the impact of the treatment on stu-


dents at an urban and at a rural school, a two-way


ANOVA analysis of WESTEST data in mathematics


and reading was completed. The independent vari-


ables were school and assignment to treatment or


comparison groups.


Findings


Question one: did the reading and writing ILS


continue to have a positive impact on middle school


student achievement, as measured by WESTEST


results?


Results from the WESTEST 2004 demonstrated dif-


ferences in achievement between students in the


treatment group and the comparison group. The de-


pendent variables were WESTEST scores for reading


and language arts, social studies, science, and mathe-


matics. The means of the treatment and comparison


groups for each variable are depicted in Table 1.


On average, students in the treatment group at


Calhoun Middle School scored 4.38 points higher on
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the WESTEST reading and language arts. In addition,


participation in the Merit treatment group correlated


with gains in mathematics (3.82), science (2.14), and


social studies (8.23). These results enhance the relia-


bility of an earlier study based on SAT-9 scores among


Calhoun County middle school students (Jones et al.


2004–2005).


Question two: did the reading and writing ILS


intervention have a significant effect on the


performance of lower achieving middle school


students?


To gauge the impact of the intervention on different


groups of students, the data from the WESTEST


variables were broken into quartiles and analysed.


Descriptive data, portrayed in Table 2, show that the


impact of the intervention on student in each quartile


in reading and language arts, social studies, science,


and mathematics. Quartile one students in the treat-


ment group outscored their counterparts in the com-


parison group on all four dependent variables of the


WESTEST: reading and language arts, social studies,


science, and mathematics. Low achieving students


typically fall in the bottom quartile, indicating that the


Merit treatment was associated with higher mean


scores in quartile one for all four variables from the


WESTEST. This consistency decreases across the re-


maining quartiles. Quartile four high achieving stu-


dents in the comparison group outperformed students


in the quartile four-treatment group in reading and


language arts and science. The impact of the inter-


vention was not evident, reflecting the strengths of


high achievers to learn effectively in diverse en-


vironments.


T-tests show a statistically significant difference for


students in the treatment group in quartile one reading


and language arts. The results shown in Table 3 de-


monstrate that the gains of quartile one students on the


WESTEST variable of reading and language arts were


statistically significant, compared with results for


students in quartiles 2, 3, and 4, where no statistical


significance was evident. The range of WESTEST


scores represented in RLA quartile one was 505–658.


Excluding one score at 505, the remainder fell be-


tween 601 and 658. This range closely matched with


the range of WESTEST scores identified for reading


and language arts grades six through eight, as Partial


Mastery, 607–657. Students who are at the level of


Partial Mastery are frequently struggling readers and


‘at-risk’ students. It can be concluded that the Merit


treatment had the greatest impact on low achieving


middle school students who scored below the com-


petency level expected by state guidelines.


Table 1. Differences in mean scores of Calhoun treatment and


comparison groups on dependent variables associated with the


WESTEST.


WESTTEST


variables


Experimental


mean


Control


mean


Difference


WESTEST/RLA 674.88 670.50 4.38


WESTEST Social Science 672.76 664.53 8.23


WESTEST/Science 685.21 683.06 2.14


WESTEST/Mathematics 693.51 689.69 3.82


Table 2. Differences in Calhoun mean scores of quartiles on WESTEST-dependent variables.


WESTEST variables First quartile Second quartile Third quartile Fourth quartile


RLA


Treatment 644.4500 665.3000 683.8500 707.6000


Comparison 625.0625 665.1000 686.5833 711.5625


Social Studies


Treatment 644.1290 NA 680.1081 719.2222


Comparison 607.3750 680.5714 701.1538


Science


Treatment 654.3226 674.471 693.0244 719.222


Comparison 642.0625 679.000 692.6429 721.1538


Mathematics


Treatment 650.1667 685.0000 701.1000 728.7000


Comparison 644.1333 681.7273 700.4000 722.8125
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A similar pattern developed for students in the


treatment group in quartile one social studies and


science, as seen in Table 4. Analysis of WESTEST


scores demonstrated a statistically significant positive


difference favoring the treatment group in both social


studies and science. An inference of these results is


that gains in reading, associated with content of the


Merit software programs, contributed to improved


ability to understand and respond to test items in social


studies and science.


Attributing the improvement of lower achieving


students in quartile one to the Merit software inter-


vention is further enhanced by analysis of data for


high achieving students in quartile four that shows that


the intervention had less statistical significance on


quartile four results of both control and comparison


students, as shown in Table 5. For three WESTEST


variables, reading and language arts, social studies,


and science, there was no statistical advantage for


quartile four students in either the treatment or the


comparison group. These data support the proposition


that the ILS intervention led to performance gains


primarily with low achieving students.


Question three: did the reading and writing ILS have


the same impact on the achievement on students


attending rural and urban schools?


WESTEST scores on reading and language arts for


combined treatment and comparison groups at Cal-


houn Middle School and Grandview Elementary fa-


voured the treatment groups. Table 6 shows that the


combined mean treatment scores were 5.9% higher in


reading and 6.5% higher in mathematics for partici-


pants from both schools. Table 7 shows the WEST-


EST mean scores for reading and language arts and


mathematics for both the treatment and comparison


groups favored Calhoun County Middle School.


However, the results of a test for between subjects ef-


fects, depicted in Table 8, showed no statistically sig-


nificant differences for Calhoun or Grandview students


on WESTEST mathematics and reading and language


arts scores, nor were there any significant results re-


sulting from participating in the Merit treatment at either


school. There was a close finding of a Merit and school


interaction, in favor of students in the treatment group at


Calhoun Middle School. This finding confirmed that


there was no significant difference in the learning of


students at either the rural and urban school. The Merit


intervention had similar effects at both schools.


Limitations


Some factors limited the validity of the findings. Lack


of random selection and the absence of pre-test data


Table 3. Effect of merit intervention on Calhoun WESTEST RLA


quartile statistics.


WESTEST RLA quartiles df Significance


(two-tailed)


Quartile 1 34 0.035�


Quartile 2 28 0.926


Quartile 3 30 0.186


Quartile 4 34 0.511


�Po0.05


Table 4. Effect of merit intervention on first quartile Calhoun


WESTEST statistics.


Variable t-value df Significance


level


WESTEST RLA QUARTILE 1 �2.196 34 0.035�


WESTEST Social Studies


Quartile 1


4.586 45 0.000�


WESTEST Science


Quartile 1


2.722 45 0.009�


WESTEST Mathematics


Quartile 1


�0.551 31 0.585


�Po.05.


Table 5. Effect of merit intervention on fourth quartile Calhoun


WESTEST variables.


Variable df Significance


Level


Quartile 4 WESTEST/RLA 34 0.511


Quartile 4 WESTEST/Social Studies 38 0.628


Quartile 4 WESTEST/Science 38 0.678


Quartile 4 WESTEST/Mathematics 34 0.044


�Po0.05.


Table 6. Combined means of WESTEST reading/language arts


and mathematics at Calhoun and Grandview.


Calhoun and Grandview Treatment


groups


Comparison


groups


Total Mathematics 674.0609 667.5323


Total Reading 687.4000 681.4516
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from the WESTEST made it necessary to use a quasi-


experimental design. Further, differences in the size of


treatment (172) and comparison (66) groups at Cal-


houn County Middle School made it difficult to do a


complete quartile analysis. For this reason there is no


quartile 2 data for social studies. The relatively small


size of the sample (n 5 42) at Grandview Elementary


School meant that quartile analysis could not be done


on the small sample from Grandview Elementary


students. There was an attrition factor in Grandview;


student mobility resulted in fewer complete sets of


data. Finally, the presence of confounding variable


(use of Compass learning software) at Grandview


Elementary School should be noted.


Discussion


The WESTEST, a criterion-referenced test, is directly


linked to West Virginia Content Standards and Ob-


jectives (CSOs). The success of students in the treat-


ment group supports the close match between the


content of the software and the state CSOs. Merit


reading and writing software had a similar impact on


the achievement of students in this study, regardless of


demographic considerations. Those in the treatment


group at rural Calhoun Middle School performed


comparably to students at the urban Grandview Ele-


mentary School. This finding adds credibility to the


premise that educational experiences and conditions


are significant features in student learning. Just as


students at both schools showed improvement in SAT-


9 scores the longer they attended the school, so they


responded similarly to the Merit intervention. Despite


striking contrasts in demographic settings, the impact


of the Merit intervention followed the pattern of the


things the schools had in common.


A strong finding of this research identified a specific


group of students most aided by use of Merit ILS. The


WESTEST has cut scores at each of five achievement


levels for reading and language arts, science, mathe-


matics, and social science. In 2003–2004, the per-


centages of Calhoun students in grades 6, 7, and 8 who


were below the expected achievement level for read-


ing and language arts were, respectively, 24%, 18%,


and 19%. Merit software was particularly effective in


boosting the achievement of students at each grade


level who needed to make the leap into mastery in


reading and language arts, and in science and social


studies.


The import of this finding is not restricted to West


Virginia. Quartile analysis of results from norm-


referenced tests, such as SAT-9, would likely show a


similar pattern. Low achieving students need to be


identified and assisted with programs that meet them


at the point of difficulty. No Child Left Behind leg-


islation stresses the importance of identifying and


developing instruction for low achieving students.


This study demonstrates the effectiveness of Merit


software in improving the performance of low


achieving students by providing them with the tools to


achieve proficiency. Quartile analysis suggested a


methodological tool with which to demonstrate the


effectiveness of the ILS on low achieving students in


relation to its impact on other groups of students.


It is worthwhile pondering why the ILS is so ef-


fective with low achieving students, an anecdotal


finding shared by many in the field. One hypothesis


connects the qualities of the ILS with the literacy at-


tributes of low achieving middle school students.


Recall that the software permits students to select a


skill entry point and to advance at their own pace.


Further, at every stage, immediate and relevant and


individualized feedback is provided that shapes further


Table 7. Means of WESTEST reading/language arts and mathe-


matics at Calhoun and Grandview.


Group WESTEST/RLA


Mean


WESTEST/Mathematics


Mean


Calhoun treatment 694.1667 675.7708


Calhoun comparison 686.2683 664.5122


Grandview treatment 653.2105 665.4211


Grandview comparison 672.0476 673.4286


Table 8. Results of test for between-subjects effects.


WESTEST/Mathematics Source df Significance


Intercept 1 0.000


School 1 0.896


Merit 1 0.768


School � Merit 1 0.081


WESTEST/RLA Intercept 1 0.000


School 1 0.000�


Merit 1 0.367


School � Merit 1 0.0028�


�Po.05.
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learning responses. Finally, instruction is focused at


the sentence and paragraph level, fostering close


analysis and discrimination among response options.


The software permits the struggling reader to go back


to the point of difficulty that may have originated long


before the sixth grade and sort out confusions in


grammar, syntax, vocabulary, and larger comprehen-


sion issues of inference and synthesis.


Consider as well that students who are struggling


readers frequently struggle in other school subjects.


This interaction between the qualities of the software


and the literacy gestalt of many struggling adolescent


readers may account for the enormous impact of this


ILS on the achievement of quartile one students in


language arts and in parallel gains in social studies,


science, and mathematics. The emphasis on vocabu-


lary and comprehension associated with the ILS


reading and writing programs may have strengthened


low achieving students’ abilities to interpret language-


based concepts and problems in social studies,


mathematic and science.


Recommendations


While earlier studies were rightfully concerned with


demonstrating that ILS improved student learning, as


measured on standardized tests, it is now time to ex-


amine the ability of ILS to meet the specific needs of


specific learning groups. This study demonstrated that


reading and writing ILS improved the performance of


low achieving students in rural and urban settings.


Understanding the ways in which software programs


interact with the unique needs of learners will help put


unique ‘faces’ on low achieving students, and lead


educators to informed product choices, rooted in the


ways children acquire and develop literacy.


A follow up experimental study is recommended to


establish the patterns of student interactions with the


ILS. Such a study could empirically demonstrate the


amount of time and number of attempts needed to


achieve mastery, the time spent accessing tools and tips,


number of revision attempts. This study could identify


differences in the ways in which high and low achieving


students interact with the software. A natural sequel


would be a study with different lengths of intervention


to determine the optimal software intervention time.


Reading First, an initiative associated with No Child


Left Behind, specifically identifies the importance of


literacy intervention in kindergarten through grade 3.


These learners have distinct learning needs, primarily


concerned with learning to read as opposed to reading


to learn. It would be valuable to know the ways in


which ILS can supplement early literacy instruction


and improve learning in integrated, authentic curri-


cula, as opposed to disconnected time for ‘computer


literacy’ (Shade & Watson 1990).


In broader terms, research is needed to verify if


learning is retained after use of the software ceases.


Linked to the retention of learning is the ability to use


the learning when the learner approaches other and


new tasks. Studies of this nature broaden the in-


vestigation of ILS into consideration of intelligence,


intelligent behaviour, and learning (Underwood 1997).
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August 29, 2006


Dear National Mathematics Advisory Panelists: 


The American Mathematics Association of Two-Year Colleges (AMATYC) is honored to
have this opportunity to address this distinguished Panel.  AMATYC commends President
Bush, Secretary Spellings, and each of you for tackling the serious, difficult, and
multi-faceted problem of mathematics education.  


Over eleven hundred community, technical, and two-year colleges in the U.S. offer open
door admission and unique opportunities for promoting improvement in mathematics
education and maximizing student success in mathematics.  The following distinctive
programs at community colleges serve nearly forty-six percent of all undergraduate students
(more than 6.5 million students [NCES 2004 data]:


Transfer programs to four-year colleges and universities
Two-year degree programs including highly technical programs
Training and retraining programs for entry level job skills
Adult literacy education and extensive developmental education programs


The mathematics educational opportunities available at community colleges are evidenced
by the percent of students enrolled in mathematics by course [Source: 2005 Conference
Board of the Mathematical Sciences survey]  


          Mathematics Course                Percent Enrolled
Developmental mathematics (precollege)           57%
Precalculus                                                           19%
Calculus                                                                 6%
Statistics                                                                 7%
Other mathematics courses*                                11%


*Includes courses such as linear algebra, probability, discrete mathematics, finite 
mathematics, mathematics for liberal arts, and mathematics for elementary school teachers. 


Community colleges are uniquely positioned between the K-12 and four-year college
sectors, enabling the two-year colleges to respond to and address the following issues in
mathematics education:


Access, equity, and the needs of a diverse student population
Strategies for addressing mathematics anxiety and negative attitudes towards
mathematics
Quantitative literacy across the curriculum
Special services such as tutoring and mentoring for mathematics students
Innovation in the classroom, appropriate use of technology, distance learning, and
active student learning







Teacher preparation
Students enrolled simultaneously in high school and college (dual enrollment)
Collaboration among K-16 and business and industry.


Across the nation, many elementary schools teachers complete the mathematics courses required
by the university and four-year colleges at community colleges.  In Illinois the percentage is
seventy percent [Source: Kays, 2001].  This is a challenging role for community colleges given
that the mathematics required for these students varies from university to university and state to
state.  Community colleges also offer the mathematics courses needed for college graduates to
receive alternative teacher certification.


AMATYC has spent the last six years reviewing the latest research in how college students learn
best and how colleges, departments, and mathematics professionals can best provide the
atmosphere for those students to learn.  Our document, Beyond Crossroads: Implementing
Mathematics Standards in the First Two Years of College (www.bc.amatyc.org), to be published
in November 2006, emphasizes scientific evidence.  


To accomplish the nation’s lofty goals, one of which is a high level of quantitative literacy, we
must raise our expectations of American students in mathematics.  


Students need a solid foundation in basic algebra, proportional reasoning, critical thinking,
statistical reasoning and interpreting displays of data.  
Student scores on placement examinations often demonstrate that students who have met
the high school graduation requirements in mathematics have not achieved the
mathematical competence they need for success in college or in industry.  
Teachers, parents, and students must realize that mathematics plays an important part in
their lives–in the workplace, as consumers, and citizens.  


How can AMATYC, two-year college faculty, and the community and technical colleges of the
United States assist in achieving these goals?  Community colleges offer the following:


The ability to respond quickly to the needs of their communities.
The first opportunity for minorities and underrepresented mathematics and science
students to begin their education.
Quick response as providers of services (such as teacher professional development) as a
means of implementing local K-12 school plans.  
Professors, with teaching as their major focus, who are constantly working to respond to
the needs of the diverse student population.
The opportunity for students to meet their career goals through different paths.


Solutions to the important issues faced by the Panel cannot be easily determined.  We need a
national response such as the reaction to Sputnik; there are students in China and India waiting
in line for our high skill, high wage jobs.  However, any solution in mathematics education must
include community college mathematics faculty.  We ask that the Panel consider the following
actions and initiatives to address the complex challenges in mathematics education today:


A national quantitative literacy campaign to elevate teacher and parental expectations that
all children can learn mathematics and to communicate the need for increased levels of
student performance in mathematics.  The message that all citizens need to read and
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understand mathematics in the media, think logically, understand basic statistics and
probability, as well as solve basic algebraic problems in context needs to be communicated
and adopted broadly.
Increased financial support for professional development for all mathematics teachers,
K-16.  Mathematics teachers need to embrace continuous improvement in their teaching
and make a commitment to lifelong learning.
Increased support to provide opportunities for informed discussions about curriculum
design and development between mathematics teachers and teachers of other disciplines,
discussions between math teachers in all grades, K-16, and discussions with business and
industry.  Courses and programs with student learning outcomes that focus on quantitative
literacy across the curriculum and workplace skills need to be developed and implemented
at all levels.
Lastly, support for standards-based initiatives like AMATYC’s Beyond Crossroads
document that address implementation strategies to maximize student success in
mathematics are necessary.  When these strategies are applied properly over adequate time
by a teaching professional with a good understanding of mathematics, more of our students
will achieve quantitative literacy. 


Thank you for the invitation to address the Panel and to the Panel for tackling this problem.  The
solutions are critical to the future of our nation.


Respectfully,


Kathy Mowers
President, AMATYC
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August 29, 2006


Dear National Mathematics Advisory Panelists: 


The American Mathematics Association of Two-Year Colleges (AMATYC) is honored to
have this opportunity to address this distinguished Panel.  AMATYC commends President
Bush, Secretary Spellings, and each of you for tackling the serious, difficult, and
multi-faceted problem of mathematics education.  


Over eleven hundred community, technical, and two-year colleges in the U.S. offer open
door admission and unique opportunities for promoting improvement in mathematics
education and maximizing student success in mathematics.  The following distinctive
programs at community colleges serve nearly forty-six percent of all undergraduate students
(more than 6.5 million students [NCES 2004 data]:


Transfer programs to four-year colleges and universities
Two-year degree programs including highly technical programs
Training and retraining programs for entry level job skills
Adult literacy education and extensive developmental education programs


The mathematics educational opportunities available at community colleges are evidenced
by the percent of students enrolled in mathematics by course [Source: 2005 Conference
Board of the Mathematical Sciences survey]  


          Mathematics Course                Percent Enrolled
Developmental mathematics (precollege)           57%
Precalculus                                                           19%
Calculus                                                                 6%
Statistics                                                                 7%
Other mathematics courses*                                11%


*Includes courses such as linear algebra, probability, discrete mathematics, finite 
mathematics, mathematics for liberal arts, and mathematics for elementary school teachers. 


Community colleges are uniquely positioned between the K-12 and four-year college
sectors, enabling the two-year colleges to respond to and address the following issues in
mathematics education:


Access, equity, and the needs of a diverse student population
Strategies for addressing mathematics anxiety and negative attitudes towards
mathematics
Quantitative literacy across the curriculum
Special services such as tutoring and mentoring for mathematics students
Innovation in the classroom, appropriate use of technology, distance learning, and
active student learning







Teacher preparation
Students enrolled simultaneously in high school and college (dual enrollment)
Collaboration among K-16 and business and industry.


Across the nation, many elementary schools teachers complete the mathematics courses required
by the university and four-year colleges at community colleges.  In Illinois the percentage is
seventy percent [Source: Kays, 2001].  This is a challenging role for community colleges given
that the mathematics required for these students varies from university to university and state to
state.  Community colleges also offer the mathematics courses needed for college graduates to
receive alternative teacher certification.


AMATYC has spent the last six years reviewing the latest research in how college students learn
best and how colleges, departments, and mathematics professionals can best provide the
atmosphere for those students to learn.  Our document, Beyond Crossroads: Implementing
Mathematics Standards in the First Two Years of College (www.bc.amatyc.org), to be published
in November 2006, emphasizes scientific evidence.  


To accomplish the nation’s lofty goals, one of which is a high level of quantitative literacy, we
must raise our expectations of American students in mathematics.  


Students need a solid foundation in basic algebra, proportional reasoning, critical thinking,
statistical reasoning and interpreting displays of data.  
Student scores on placement examinations often demonstrate that students who have met
the high school graduation requirements in mathematics have not achieved the
mathematical competence they need for success in college or in industry.  
Teachers, parents, and students must realize that mathematics plays an important part in
their lives–in the workplace, as consumers, and citizens.  


How can AMATYC, two-year college faculty, and the community and technical colleges of the
United States assist in achieving these goals?  Community colleges offer the following:


The ability to respond quickly to the needs of their communities.
The first opportunity for minorities and underrepresented mathematics and science
students to begin their education.
Quick response as providers of services (such as teacher professional development) as a
means of implementing local K-12 school plans.  
Professors, with teaching as their major focus, who are constantly working to respond to
the needs of the diverse student population.
The opportunity for students to meet their career goals through different paths.


Solutions to the important issues faced by the Panel cannot be easily determined.  We need a
national response such as the reaction to Sputnik; there are students in China and India waiting
in line for our high skill, high wage jobs.  However, any solution in mathematics education must
include community college mathematics faculty.  We ask that the Panel consider the following
actions and initiatives to address the complex challenges in mathematics education today:


A national quantitative literacy campaign to elevate teacher and parental expectations that
all children can learn mathematics and to communicate the need for increased levels of
student performance in mathematics.  The message that all citizens need to read and
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understand mathematics in the media, think logically, understand basic statistics and
probability, as well as solve basic algebraic problems in context needs to be communicated
and adopted broadly.
Increased financial support for professional development for all mathematics teachers,
K-16.  Mathematics teachers need to embrace continuous improvement in their teaching
and make a commitment to lifelong learning.
Increased support to provide opportunities for informed discussions about curriculum
design and development between mathematics teachers and teachers of other disciplines,
discussions between math teachers in all grades, K-16, and discussions with business and
industry.  Courses and programs with student learning outcomes that focus on quantitative
literacy across the curriculum and workplace skills need to be developed and implemented
at all levels.
Lastly, support for standards-based initiatives like AMATYC’s Beyond Crossroads
document that address implementation strategies to maximize student success in
mathematics are necessary.  When these strategies are applied properly over adequate time
by a teaching professional with a good understanding of mathematics, more of our students
will achieve quantitative literacy. 


Thank you for the invitation to address the Panel and to the Panel for tackling this problem.  The
solutions are critical to the future of our nation.


Respectfully,


Kathy Mowers
President, AMATYC
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JOHN MARSHALL has been developing mathematics curricula for many years. He was involved in
the production of the Minnesota K-12 Math Framework and has taught elementary school math meth-
ods classes at the University of South Florida, St. Petersburg.


Math Wars 2:
It’s the Teaching, Stupid!
In math classes, teachers often focus instruction on the formulas and processes
needed to solve different types of problems but neglect to teach the concepts on which
these tools are based. Before they can do this, Mr. Marshall argues, teachers
themselves need to understand “understanding math.”


BY JOHN MARSHALL


P
ICTURE THE scene if you will. Sitting ahead of me in economy class
is a mother with her young child. I am two rows back and cannot see
them, but the conversation tells all. The game is counting, what I am
not sure. Clearly pointing to something, Mother says, “One, two,
three, four, five. Now you do it.” A little voice replies, “One, four,
three, nine, two.” “No, no. It’s one, two, three, four, five. Try again.”
“One, two, five, four, six,” is the response. “Come on now, you’re not
trying. Let’s do this. One, two, three. Now you.” “One, two, three.”


“Good girl, now, one, two, three, four.” “Four, two, five, one.” Mother is getting
quite exasperated, at least judging by the tone of her voice, and the youngster is far
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from happy. I really feel this will end in tears, but I
manage not to cry.


Sometime later, I found a certain confirmation of
this style of teaching in a book that advocates some-
thing similar:


Counting with skill and understanding is an im-
portant problem-solving tool in mathematics. The
activities in this chapter give your children many
opportunities to count in unison, which will build
on and reinforce the auditory pattern of the count-
ing order. Children should start these activities by
counting to one number beyond the point where
they begin to have difficulty. When they become
confident counting to this number in the sequence,
one more number should be added to the sequence
until the children build gradually to ten. There is no
need to rush or push children ahead quickly to ten,
for this pressure produces anxiety rather than learn-
ing.1


Believe me, my fellow passengers were certainly feel-
ing some anxiety. The tension was unbearable! You see,
it was all rather rote. By the way, I take my definition
of “by rote” from the Oxford English Dictionary, which
defines it as “in a mechanical manner, by routine; es-
pecially by the mere exercise of memory without prop-
er understanding of, or reflection upon, the matter in
question.”


It seems that children exposed to this form of teach-
ing are expected to use a concept before they have ex-
perienced it. Isn’t this style of rote teaching an exam-
ple of what Michael Battista says is common, is “inef-
fective,” and “seriously stunt[s] the growth of students’
mathematical reasoning and problem-solving skills”?2


Perhaps something similar was in Richard Copeland’s
mind when, writing about Piaget’s work, he said that
“counting is often the first mathematical idea taught
to children. It should not be the first mathematical ac-
tivity. . . . Classification is the basis for mathematical
concepts and should come before counting.”3


I wonder how many of us have ever stopped to ask
what “three” means to a young child. Remember, Moth-
er pointed to one “thing” and said “three.” So let me in-
vite you to pause for a moment and ask if you know
what “number” is? Can you define “three”? I feel I am
on safe ground asking about a definition, for, accord-
ing to James Stigler and James Hiebert, “Lessons in
the United Sates [seem] to place greater emphasis on
definitions of terms and less emphasis on underlying
rationale.”4 I must be clear, though, that I am not deni-


grating the knowing of “definitions” and related for-
mulas. But, in a curriculum designed to foster under-
standing, our students really do need to know what these
things mean, where they come from, and how they fit
into the grand scheme of things we call mathematics,
one of mankind’s great intellectual achievements.


If it is true that our teaching style is as Stigler and
Hiebert say, then we don’t seem to have a good track
record, even at a very basic level. “Many elementary and
middle-grades children have difficulty with understand-
ing perimeter and area. Often, these children are using
formulas such as P = 2l + 2w or A = l x w without un-
derstanding how that formula relates to the attribute be-
ing measured or the unit of measurement being used.”5


We also know that “understanding formulae and their
appropriate use and retention is dependent both on
earlier practical experiences and on a perceived need
for and appreciation of this efficiency.”6 Somehow this
failure to engage students’ minds is missed, and, for
many children, the understanding that undergirds the
construction of a formula is bypassed. Persisting with
a narrow style of teaching is, in my view, part of the
problem.


So what is “three”? I try to pose this question to stu-
dents in my methods class about halfway through my
opening lecture on understanding “understanding” in
mathematics teaching. This gives them time to discuss
it during a break and perhaps to find a “three” to bring
back to class. Perhaps! But no one ever does. I get a host
of “three things” but never “three” alone. The most
telling remark I got was: “Here I am in college classes
to become a teacher, and I never knew what ‘number’
was. How did that happen?” You may well ask.


The problem, Thomas Post of the University of Min-
nesota reminds us, is that


number is an abstraction. No one has ever seen a
number, and no one ever will. “Twoness” is an idea.
We see illustrations of this idea everywhere, but we
do not see the idea itself. In a similar way the sym-
bol “2” is used to elicit a whole series of recollections
and experiences that we have entailing the concept
of two, but the squiggly line “2” is in and of itself
not the concept.7


So here is the challenge. How do we teach young
children about an abstract concept — and math is full
of them — when they are at the concrete operational
stage of their development and when a lot of us don’t
know what it is in the first place?8 Good advice is ur-
gently required.
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Somehow real things must become a way of mod-
eling abstract ideas. Even great mathematicians who
have defined “number” over the years have used “real
things” in an attempt to make it clear to us. So why
not for young children? Simon Singh attributes a defi-
nition of “three” to Gottlob Frege in 1884 that actu-
ally uses a familiar nursery rhyme:


One of Frege’s key breakthroughs was to create
the very definition of a number. For example, what
do we actually mean by the number three? It turns
out that to define three, Frege first had to define
“threeness.”


“Threeness” is the abstract quality which belongs
to collections or sets of objects containing three ob-
jects. For instance, “threeness” could be used to de-
scribe the collection of blind mice in the popular nurs-
ery rhyme, and “threeness” is equally appropriate to
describe the set of sides in a triangle. Frege noticed
there were numerous sets which exhibited “three-
ness” and used the ideas of sets to define “3” itself.
He created a new set and placed inside it all the sets
exhibiting “threeness” and called this new set of sets
“3.” Therefore, a set has three members if and only
if it is inside the set “3.”9


In the 1960s, an article in Scientific American de-
fined “four” with an illustration using three-dimension-
al shapes. (See Figure 1 for a similar representation.)
This definition seems to fit Frege’s words, particularly
where the text says, “The outer frame is not closed at
the right because membership in this class is not re-


stricted to the examples shown.”10 The concept of four-
ness extends beyond the shapes shown, just as three-
ness covers more than those “things” that my students
bring back to class.


How did you get on with your definition? My stu-
dents were not as far off the mark as one may think,
for, although individually they did not get “three,”
collectively they did, for “three” was the commonality
linking all the sets (of three things) that they brought
back! Interestingly, we could all touch the things but
not the link between them. That was as close as we
could get to modeling an abstraction.


My students’ collections were revealing, for along
with three Snickers bars we had three M & Ms, which
made us realize that number was independent of size,
shape, color, texture, position, taste, etc. The students’
display captured the notion of the conservation of num-
ber because they had large things, small things, things
close together, and things spread every which way. Con-
servation is about the invariance of a set, which always
has the same “number of members” whatever the con-
figuration and however it looks. Children need to un-
derstand this idea, for they do not know “number” un-
til they do. Indeed, they will not “know” number if their
experiences are limited by such activities as a card game,
a domino game, or a wall display, where “five” has a
fixed shape, is colored red, and is depicted solely by a
squiggly line such as “5.”


When it comes to teaching a curriculum focused
on “understanding,” what does all of this mean for the
children? What does it look like in the classroom? Not
the same old, same old surely? We need to design our
teaching so that students can take the concepts of mathe-
matics forward and apply them to each new situation
they meet. Remember, too, “conceptual structures are
richly interconnected bodies of knowledge. It is these
which make up the substance of mathematical knowl-
edge stored in long-term memory.”11 So it’s the inter-
connections.


Teaching mathematics with understanding means
creating experiences in which these interconnections
can be made because, without them, there would be a
real danger that questions put in isolation would make
the learning process rather piecemeal and incoherent.
What is more, the low retention of fragmentary knowl-
edge is well attested, which again does not help when
we need to use the math we learned yesterday some-
time far off in the future.12 It is vital, therefore, that
students be offered a variety of models — real mod-
els — that take them from the reality of their world
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into the world of abstract mathematics and, where ap-
propriate, back again.13 In terms of understanding about
“three,” Frege is saying to me that students need to
make the connection between three cars, three cups,
three necklaces, and three of anything else in order to
understand the concept. Experiencing “threeness” al-
lows the brain to take the idea of “three” on board. It is
interesting to note that Liping Ma takes up this theme
in Knowing and Teaching Elementary Mathematics, when
she suggests that elementary school teachers need a pro-
found understanding of mathematics in order to teach
for understanding:


A teacher with profound understanding of mathe-
matics is not only aware of the conceptual structure
and basic attitude of mathematics inherent in ele-
mentary mathematics but is able to teach them to
students. The first-grade teacher who encourages stu-
dents to find what five apples, five blocks, and five
children have in common, and helps them to draw
the concept of 5 from these different kinds of items,
instills a mathematical attitude — using numbers to
describe the world.14


I would suggest that teachers need to develop not
only such a profound understanding of mathematics
but also a corresponding understanding of how chil-
dren learn. Then we will be able to debate both how
children learn mathematics and ultimately how we teach.


So let me add to this debate and
offer a “lesson” I found in the Min-
nesota K-12 Mathematics Frame-
work that has children classifying
everyday objects.15 Sorting and talk-
ing is the name of the game. Chil-
dren sort their collections according
to certain attributes and match their
sets in one-to-one correspondence,
with more in some sets than in oth-
ers. Models are made with everyday
“things.” Clear images are created
in the mind.


On another day, the teacher con-
trives a situation in which all the chil-
dren’s sets match: “I have as many
trains as boats; I have as many boats
as planes; I have as many. . . .” Just
as in my methods class, anything
that belongs in this new collection,
where the elements match one-to-
one, will have the same number.


The Minnesota children are then asked to look around
them and create other sets that will match those that the
teacher has provided because “understanding in mathe-
matics implies an ability to recognize and make use of
a mathematical concept in a variety of settings, includ-
ing some which are not immediately familiar.”16 In ef-
fect, the children are moving into the open-ended part
of Figure 1, and while they are experiencing “three,”
the teacher can teach them how to write the number’s
name, “three,” and its numeral, 3.


The Minnesota children and my methods students
made the connection between the “sameness” of the
“things” in their collections. They also described that
sameness. In teaching for understanding, students ex-
perience the concept before they move to the symbol-
ism. And they truly need to see “three” all over the place
before they are ready for abstract symbols. Through-
out the episode on the airplane, I felt that we passen-
gers were witnessing an effort to reverse the order: to
teach the symbolism before the concept. Throughout
that whole episode, as the mother counted to five,
touching one object at a time, I wondered how the child
was connecting with the concept “three” — Frege’s
“three.”


The concept of “three” is captured in a wall display
(Figure 2) that also includes the concepts of 2, 1
(shown), 5, and 4 in random order. Children come to
understand these numbers as complete entities before
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counting. Counting comes after the numbers have been
placed in order and  when children know why three is
more than two. Matching a set of three (cups) with two
(saucers) in one-to-one correspondence will show which
set has more members. This indicates that 3 comes after
2 in the order of things. It will also help later with the
concept of subtraction, in which students need to under-
stand that the operation is more than just “take away.”
Placing charts such as those in Figure 2 in the class-
room will remind children what “number” is and why
3 comes after 2, etc.


We know that young children can subitize — per-
ceive small numbers of objects immediately, without
counting — for it seems it is the natural thing for the
brain to do.17 Principles and Standards for School Math-
ematics reminds us that children “may look at a small
group of objects . . . and recognize how many, but they
may need to count a group of ten or twelve objects to
find the total.”18 The failure to exhibit this ability is
what researchers studying dyscalculia — “a crippling
inability to handle numbers,” the mathematical form
of dyslexia — are currently looking at. In September
of 2003, Brian Butterworth, a professor of cognitive
neuropsychology at University College, London, gave
a paper at the British Association for the Advance-
ment of Science on the problems of dyscalculia. I men-


tion it here because he suggested that there is “a link
between dyscalculia and a primitive number sense pos-
sessed by human beings and animals that enables them
to make instant assessments of the number of objects
in a group without having to count.”


Dyscalculia does not stem from ineffective teach-
ing. However, effective teaching is about offering the
developing brain high-quality information based on
real experiences, for then it responds well. That is our
great challenge. It will take time to get things right,
and time is not on our side — at least for the children
who are in school now. The evidence before us is that
continuing to do what we have been doing will be harm-
ful. We surely know this by now. Yet we keep on doing
the same things. Why? How many of our students can’t
wait for our lessons to end? I expect my young co-pas-
senger, and indeed her mother, could not wait to get
off the plane. I know I couldn’t.


The mother on my flight was doing what she was
doing not because she was a “bad” mom but because
that was the norm. It is what we do. Indeed, on my
desk right now is what I call my Standards Compati-
ble All-Singing-All-Dancing Beginning Math textbook,
which asks on page 1 (of 548), “How many children
do you see [in the picture]?” The answer: 15; then 1-
2-3 comes afterwards! (If a student can count to 15,
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why bother with 1-2-3?) Mothers cannot all be ex-
pected to know what Piaget and Copeland suggest,
but teachers and students in math methods classes can
and should. My fellow passenger and her little friends
should be encouraged to see number as Frege did and
to “just know” beginning numbers because her teach-
er’s math methods class and textbook have highlight-
ed the research. Her teacher needs to know that chil-
dren must feel “at home” with “general number prop-
erties such as the invariance of the number of objects
in a set under rearrangements.”19 They must know, too,
“that when counting a set, the same final number is
reached irrespective of the order in which the objects
are taken.”20 And all of us, including parents, need to
have confidence that what children “interact with” re-
flects this research. Do the materials children handle
really offer “a whole series of recollections and experi-
ences” that they have involving the concept of num-
ber?


We must not forget the actual teaching experience
children have either. High-quality lessons are what stu-
dents expect at school. But in order to deliver high-
quality lessons, teachers and those who support them
need to know both math and how children learn. The
goal truly is understanding understanding. It is the
teaching.


L
ET ME dwell, for a moment, on some of the
strange things that I see in the name of math-
ematics teaching that really have no place in
an understanding curriculum. Busy teachers
don’t get much chance to see what is happen-


ing in other classrooms, so perhaps a look at some ma-
terial that concerns me will provoke some thought, for
we need to turn rather too many negatives into a host
of positives for our students. Sadly, in this case, two
negatives don’t make a positive!


It is all very well for researchers to say that students
don’t understand the area and perimeter of a rectan-
gle, but where does that come from? What of their
teachers? Do they have the profound understanding
they need? I have my doubts, especially if they have
been brought up to believe that the area of a rectan-
gle is actually “length times width.” One cannot mul-
tiply a length by a length, even though the methods
book I use tells me I can: “Now we are multiplying
two lengths to get an area.”21 What we are really do-
ing when we measure the area of a rectangle is find-
ing out how many square units will “cover” it. We are
measuring an area with an area. We are, in fact, count-


ing “square units,” and multiplying can be a quick
way of counting. So it helps to know how many square
units are in a row and how many repeated rows there
are. Taking a “5 by 4” rectangle as a model, we have
one square unit, five times in a row — that is, 1 x 5.
(Notice that I “see” the square unit first.) Then, be-


cause we have four rows, we have all that four times.
So the formula looks like (1 x 5) x 4, or generalizing
(1 x l ) x w, where 1 represents the “square unit,” l rep-
resents the number of square units in the row, and w
represents the number of repeated rows of square units.
Of course, because 1 creates “no change” when mul-
tiplying (it is the identity element for multiplication),
it all boils down to the short form A = l x w. It might
be more helpful if we didn’t use l and w because of
the past, but in an understanding math curriculum
the children have a feeling for the formula, they know
where it comes from, and they know that they are not
really multiplying lengths.22


Stigler and Hiebert give a useful analysis of some
scary data in The Teaching Gap. Their urging of “les-
son study” as a way forward has much to commend
it, but strong leadership has to be there — and there in
spades. To highlight their concern about the poor-quali-
ty experiences that U.S. students receive, they cite a
lesson involving finding the sum of the interior angles
of a hexagon. It included the following discourse:


Mr. Jones: I still have six angles. There is a for-
mula, and we are going through this after spring
break [How many times did I hear that when I was
in school?], but I will give you a hint right now. If I
take the number of sides, and I subtract 2, and I
multiply that number times one hundred and eighty
degrees, that will tell me how many degrees these
add up to. How many sides in this figure? (Pause).
Six. Right? Number of sides subtract two, gives me
what?


Students: Four.
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Mr. Jones: Four. What is four times one hundred
and eighty degrees?


Jacquille: Seven hundred and twenty.23


Clearly, the teaching style here requires that students
merely exercise their memories, “without proper un-
derstanding of, or reflection upon, the matter in ques-
tion,” for the matter in question has to be the creation
of the formula. When I first read this account, I won-
dered whether my box of real-world chocolate (see
Figure 3) might give a “concrete to abstract” model
that would lead students to see that the hexagon prob-
lem may have more to do with triangles and the an-
gles contained therein than with sides. The sum of the
angles in a triangle equals 180 degrees, and there are
six “triangles” in the “hexagon,” but we are interested
only in the angles formed by the edges of the hexa-
gon. Therefore, the angles at the apex of each triangle
are surplus. The total we are concerned with is (180
x 6) - 360, which is indeed 720! Generalizing comes
later from 180 x n - 360, which, having done the al-
gebra, is Mr. Jones’ 180(n-2). Tasty!


An understanding curriculum would challenge the
students to actually make the box shown in Figure 3
and in doing so would provide them with a good deal
of real-world geometry. And dare I mention that a phrase
such as “and I multiply that number times one hun-
dred and eighty degrees” is not sound mathematics ei-
ther? In an understanding curriculum, the language
of mathematics, together with its symbolism, has a
certain precision that is compatible with concept for-
mation. Indeed, language enhances concept formation.


The methods textbook I was once “recommended”
has a section on “The Beginning of Number Concepts.”
It starts with counting and says, “When children count
they have no reason to reflect on the way one number
is related to another.” Well, I believe they should have
a reason because connecting with “neighboring num-
bers” is what understanding counting is about! The
book also claims that “it can be a very rewarding ef-
fort to help students connect their number ideas to
the real world.” Yet 16 of the 21 illustrations of num-
ber concepts use dots. No trains and boats and planes
here, just real-world dots. Is this really the way for-
ward? In a truly understanding mathematics methods
book, the line should read: “It is essential that stu-
dents connect their number ideas to the real world.”


Sadly, I do not feel confident that these examples
are isolated instances, for in The Teaching Gap, Stigler
and Hiebert devote 200 pages of analysis to the poor-
quality math teaching many American students get
when compared with their counterparts in Japan and
Germany. After having analyzed a lot of lessons, they
report that the percentage of lessons in the U.S. that
were rated as having a high-quality mathematics con-
tent was zero.24


It is not just “lessons” where the high-quality math-
ematics content is zero. I found a set of “counting
dominoes” in which only three tiles out of 28 can be
played, surely not evidence of high quality. The best-
selling trivial-pursuits-type game an educational sup-
plier sent me as a model for me to emulate used cards
with number sentences such as 13 - 11 x 9 = 18 (when
of course it should be -86). And I suspect that every
elementary school in the country has its share of “thick
circles,” when there are really no such things,25 though
I was once told where I could buy some! I hope too
that my airline mom doesn’t buy the book I just did,
which tells me that a carrot is a triangle and an apple,
a circle. (She will not get an answer if she complains
to the publisher.) We seem to be tooling up for fail-
ure, for poor math sells — or so I am repeatedly told.
A profound understanding of elementary mathemat-
ics will develop only when all involved are willing to
embrace fundamental change.


The bottom line is that research has shown that
things our brain does not understand are more likely
to be forgotten.26 It is part of our makeup.


So, for mathematics teaching to be effective, major
changes are essential: a new generation of materials
must be created that are truly reality-based, and new
attitudes must be adopted by everyone involved in the
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mathematical education of our children. Teaching for
understanding is not easy, especially when one has been
brought up relying on rote memorization. But it is some-
thing we need to take into our belief system if our chil-
dren are to have a chance.


And there is no magic wand. It can be quite a shock
to the system that some old beliefs may be challenged
as the past gets in the way of the future. On the other
hand, as the fog clears, the rewards will be tremendous,
and at last math will be a class worth going to. More
to the point, for those teachers who take the plunge,
there is a noticeable growth in confidence. They can-
not wait to start teaching for understanding. But —
and there is always a but — they do need support, and
support they can have confidence in. That cannot be
said too often. Teachers need guidelines that truly advo-
cate an understanding approach, they need contempo-
rary materials that help rather than hinder the learn-
ing process, they need professional support that really
understands understanding mathematics, they need to
have assessment procedures that support their desire
to develop a profound understanding of elementary
mathematics as they teach, they need to be free of ex-
cessive paperwork that takes time from lesson prepa-
ration, and they need a supply of delightful students.
We probably have only the final one of these six at
present. When all those pieces are in place, we’ll be
able to sing with Louis Armstrong that children know
“more than I’ll ever know.” I wish.
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23 August 2006


National Math Advisory Panel
U.S. Department of Education
NationalMathPanel@ed.gov


Dear Sir/Madam:


I am writing to you as the President of a US engineering and manufacturing company. We manufacture
specialized industrial equipment, and employ people in fields ranging from engineering to administration to
sales and marketing to manual assembly labor.


Given the wide variety of education levels of the people we employ, I have a good view of where different
educational systems (i.e., grade school, high school, college) are properly equipping their students for the
types of work they will be doing. In one area in particular, they are failing students abysmally, excepting only
the scientists and engineers we hire. That area is in teaching the metric system


The modern metric system (SI) is the worldwide standard of measurement, with the USA being the only
country that does not use it in day-to-day activities. Sadly, the USA does use it in many areas, but they are
largely hidden: cars are entirely metric, electronics devices are mostly metric (computers, cell phones, etc.).
We see some of this in consumer products (e.g., soda pop, detergents, pet food, hair care), but many people
in this country still erroneously think they live in a non-metric world.


Because of this belief and the failure of our educational system, when a manufacturing company such as QSI
Corporation hires someone other than an engineer, we are pretty much forced to teach what our schools
are failing to teach: the modern metric system.


Why do assemblers and secretaries and salespeople need to know the metric system? Allow me to list a few
reasons:


   ! Every component we purchase overseas, which our assemblers make into products, is all-metric, and
about 99% of time comes with metric-only drawings – no inches or pounds anywhere.


   ! When a drawing for a product to be shipped overseas specifies, for example, a 150 mm cable,
assemblers must be able to understand what that means and make the appropriate part.


   ! All our correspondence with overseas customers must be in metric. You cannot send an email to
someone in Japan or Denmark and use feet or pounds – they are largely unfamiliar with such units.
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   ! All of our sales literature and web page information must be metric, for two reasons. First, the world
of electronics is metric (there is no colloquial equivalent to units of measure such as volts, watts, amps
ohms), and, second, web pages are selling tools for the whole world, so we have to make sure the
whole world can understand our specifications.


   ! Many of the more progressive American companies use metric exclusively or extensively, and
therefore we have to use metric to be a supplier to them. For example, if you are working with any
of the automobile manufacturers (Ford, Chrysler, etc.), you will be working with metric units. Though
they publish literature in the USA that gives a car size in inches and pounds, that car was entirely
designed and manufactured using metric measurements and components.


I hope these examples give you an idea of why this is a serious problem. We purchase from suppliers all over
the world, and we sell to customers all over the world. Unfortunately, US school systems send us people
who are pretty much ignorant of the measurement language of the world.


I encourage you, in the strongest possible terms, to help prepare the United States for the future, and an
important part of the future is the ongoing adoption of metric measurement by the USA. So please do the
whole country a favor by strongly supporting educating our students, starting at the lowest levels, in how
to use the metric system.


Finally, please discourage the teaching of our old colloquial measurement system (feet, inches, pounds, etc.)
This only slows the adoption of the metric system in this country, and slows the education of students. Let
them spend their time learning the measurement system the world uses. What little they need to know about
our colloquial system they will learn in day-to-day life; their school life should include only metric education.


Sincerely,


QSI CORPORATION


James K. Elwell
President
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The metric system is the international system of measurement - 94 percent of the people on earth use it all the time. Adopting the metric system is a good deal for Education.  Metrication increases both efficiency and quality and will help ensure that American students stay technologically competitive with their foreign counterparts


The metric system is based on decimal arithmetic, just like dollars and cents.  Once learned, it’s simpler to use and less prone to error.
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The Four Main Reasons Why the US Should GO METRIC.


1. The SI Metric System was scientifically developed.


2. Ease of computation.


3. Economic & Trade reasons. 


4. This is a METRIC WORLD (Universal Language)


Dr. Don Jordan, University of South Carolina, Eastern Director of the United States Metric Association.
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Going Metric Is Easy and Is Seeping Into the U. S. Language

Metric Is Here To Stay!

By Don M. Jordan, University of South Carolina


“In truth, metrics has seeped into the U. S. vernacular beyond the plastic soda bottle” (says Edward M. Eveld, Knight Ridder Newspapers, August 9, 2005).  It is perfectly acceptable to speak of the 100 meter racer in the Olympics or the local 5K run for cancer research.  People are happy to buy 35mm film and talk about the 4.0 liter engine in their car.  Fat and fiber come in grams, sodium in milligrams, and computer speeds in megahertz.  Wine and spirits come in metric sizes only.  Watts, volts, and amperes are metric units.  The metric system is the language of science and medicine.  If you want to go to college, you better take chemistry in high school.  Chemistry is 100% metric.  


Soon you may see product labeling only in metric.


Like Olivia Newton-John “Let’s Get Physical”.


One can make a relationship between everyday metric units and something physical.  

Examples:  Centimeter: the diameter of the colored part of your eye.  Meter: the height of a door knob in your home; the length of a baseball bat.  Gram: a little more than the weight of a paper clip or three raisins.  Decimeter: the length of an ordinary wall receptacle.  Square Decimeter: the size of a slice of bread.  Note:  No relationship is made to the customary units.  Do not mix the units.  Never say a meter is about a yard. 


The Four Main Reasons Why the U. S. Should GO METRIC

1.  The SI Metric System Was Scientifically Developed

Example:  All units stem from seven basic units.  (1) Meter - length, (2) Kilogram - mass, (3) Second - time, (4) Ampere - electric current, (5) Kelvin or Celsius - temperature, (6) Mole - amount of substance, (7) Candela - luminous intensity.

2.  Ease of Computation  

Try converting 29 mi to rods to yards to feet to inches.  Compare with converting 29 km to hectometers to meters to decimeters to centimeters.


The metric system is based on decimal arithmetic, just like dollars and cents.  Once learned, it’s simpler to use and less prone to error. Adopting the metric system is a good idea for Education.  Metrication increases both efficiency and quality and will help ensure that American students stay technologically competitive with their foreign counterparts.


3. Economic & Trade Reasons

Most major U. S. industries (including the automobile, construction equipment, machine tool, electronics, soft drink, liquor, pharmaceutical and health care industries) are primarily or completely metricated.


Since 1994, billions of dollars of federal, state, and local construction projects of all kinds have been built using the metric system.  We only need to make the change once.  The benefits are perpetual.


4. This is a METRIC WORLD (Universal Language)  

If the U. S. completely adopts the Metric System it will be the first time since the dawn of civilization that the world will have one language of measurement.  Imagine if we could do this with English or Spanish. The metric system is the international system of measurement - 94 percent of the people on earth use it all the time.


Note:  In 1988, Congress made the metric system the preferred system of measurement in the United States.


Dr. Don Jordan, University of South Carolina, Eastern Director of the United States Metric Association.

At this site www.cosm.sc.edu/jordan the following can be found under Metric System then Puzzles and Games:


Measurement Word Search, Measurement Crossword, Vocabulary Challenge, NIST Metric Pyramid, Big Match Up, My Name Card, and Metric Bookmark.  The same can be found at:  www.nist.gov/kids
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National Math Advisory Panel

U.S. Department of Education

NationalMathPanel@ed.gov 

 


Ladies and Gentlemen,

 


Much rejoicing is heard over the relatively good scores of U.S. 4th grade students on TIMSS and NAEP tests in math and science.  But there is no reason to cheer.  The inferior scores of 8th and 12th graders beg the question:  Are 4th graders really mastering the math concepts that arm them with the knowledge to understand more complicated course work? These test results show that they are not.  And it is especially noteworthy that their performance is extremely low in the math content area of "measurement" in comparison to their foreign counterparts.

 


The U.S. differs markedly in the way measurement is taught when compared to all other developed countries.  The metric system is the only measurement system taught in every other nation, while here in the U.S., we stubbornly cling to the practice of trying to teach both the archaic inch-pound system and the modern metric system.  The inch-pound system is a relic of the past.  Yet, the erroneous notion that there is value in teaching a system that long ago was superceded by the metric system, and will never be a player in the modern world, prevails in the U.S. education community. 

 


 Measurement is the foundation of science.  The SI is the only system used in science and advanced mathematics, and it is the only system relevant to the needs of tomorrow's adults.  Moreover, it has the advantage of being a coherent system, based on the decimal system.  It is easy to learn and use, and because it is, students can master math concepts with greater facility, and with greater understanding, preparing them to go on successfully to advanced coursework.  What an advantage students in other countries enjoy!   But U.S. curriculum experts seem to be blind to this revelation.  Some of these experts condemn the shallowness of the math curriculum as "A mile wide and an inch deep."  One would think they would depict it as "A kilometer wide and a centimeter deep" if the metric system was on their radar at all.  

 


This philosophy of duplicative measurement instruction not only impedes learning the fundamentals of mathematics and measurement, but clearly it does not even prepare students for the challenges of chemistry and physics where only the metric system is used.  So what good is it to fill their heads with the hodgepodge of unrelated inch-pound units and complicated fractions?  Elementary and middle school teachers admit that their students are confused when trying to learn and use two systems.  Chemistry teachers complain that they have to rob time from teaching chemistry in order to teach the metric system so their students can do required experiments and calculations. There are other important collateral advantages to learning only the metric system.  Researchers estimate that an entire semester of math instruction could be saved by teaching only one system.  This time could be used for advanced math instruction that could provide a real opportunity for improving math education.  

 


We have relied too long, principally on the education standards published by the National Council of Teachers of Mathematics (NCTM). While NCTM must be credited with recommending the teaching of the metric system, it also promotes the abhorrent practice of continuing to teach the inch-pound system.  To its credit, the Council also recommends that "professional development and support be provided so that teachers are proficient with the metric system and can effectively teach it," but there is little evidence that this is happening.  In fact, there is evidence that teachers are not sufficiently prepared to teach it.  And even if they were, they are confronted with elementary and middle school textbooks that, in the main, do a poor job of presenting metric education materials.

 


We cannot overlook the political consideration which too often plays a roll in important policy decisions.  Johnny Lott, past president of the NCTM (in an NCTM Online Chat transcript of April 12, 2004) stated "The [NCTM metric education] position was once drafted much stronger but because of the lack of a government move to change the entire measurement system of the country to the metric system, the [current] position [to teach both measurement systems] was more realistic in today's world in the United States."  What an anomaly!  I'm suggesting that a serious public system, sustained by taxpayers, can't afford to just dilly-dally where providing relevant life skills is concerned.  We have an obligation to coming-to-power generations, to not waste their time.  Politically, we have found the enemy and it is us, or more pointedly it is the federal leadership of this country.

 


Dr. John Marburger, Director of the President's Office of Science and Technology Policy, is charged with a broad mandate to advise the President as well as the science and higher education communities on the impacts of science and technology on domestic and international affairs.  In his leadership role as the voice of the Administration on these matters, his support of teaching only the metric system could strengthen math education and undergird the President's mandate to keep America competitive, as stated in Executive Order 13398.

 


The National Math Advisory Panel has the power and the funds to break the impasse of teaching two systems. If the findings of the Panel do not declare as one of its highest priorities that only the metric system be taught, then we have missed an opportunity that may be irretrievably lost for another generation.

 


If instead, the Panel concludes that the best mathematics education can be achieved by dual measurement education, then I suggest that the Panel should make available the research studies that were consulted proving that:

 


(1) Students gain a better understanding of measurement when they study two systems simultaneous rather than learning only the metric system as their "first" measurement language.

 


(2) Students learn basic math concepts better when they study two systems.

 


(3) There are good reasons students must continue to learn the inch-pound system because it is still used in some places in the U.S.  

 


(4) Foreign students are disadvantaged because they don't study the inch-pound system.

 


(3) Textbooks currently in use in the U.S. offer the best measurement education, and provide a list of these.

 


(4) Teachers are prepared to provide the best measurement education by teaching two systems

 


(5) Studying only the metric system will impede student mastery of algebra.

 


(6) Students are better prepared to learn high school science subjects and to excel in college work when they know the inch-pound system

 


(7) The time presently invested in teaching the inch-pound system is a good investment of education money and instruction time. 

 


Perhaps Lord Kelvin said it best: 


 


"When you can measure what you are speaking about, and express it in numbers, you know something about it; but when you cannot measure it, when you cannot express it in numbers, your knowledge of it is of a meager and unsatisfactory kind; it may be the beginning of knowledge, but you have scarcely, in your thoughts, advanced it to the stage of science."     [Sir William Thompson, Lord Kelvin (1824-1907)] 

Sincerely,

Lorelle Young, President

U.S. Metric Association, Inc.

2032 Mendon Drive

Rancho Palos Verdes, CA 90275
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F
or years, a slow weight gain for prema-


ture infants was accepted as normal.


Recently, however, better understanding


of the special nutritional needs of these infants has


resulted in a substantial increase in weight gains. In


the same way, mathematics education research is


giving us insights into helping young children learn


substantially more mathematics.


Because international mathematics studies
show that Asian children perform better than their
age mates in the United States, I conducted a


research project to study the effects of two
essential elements of learning—language
patterns and visualization—that are found in
Japanese primary classrooms. I incorporated
these elements into the mathematics instruc-
tion in a first-grade classroom in Minnesota.


The following discussion presents the rationale
behind these two elements and describes the posi-
tive results of the instruction.


Language Patterns
Young children seek patterns as they learn about
the world. The fact that patterns are predictable
allows children to make great advances in their
learning. For example, young children know that
an sadded to a word means more than oneand that
a d sound at the end of a word indicates past tense,


without having studied any English grammar.
Discovering the patterns for counting in English


is difficult. The quantity ten has three names:ten,
-teen,and-ty. The quantity three has another name,
thir-, as in third, thirteen, and thirty; likewise,
five’s alias, fif-, appears in fifth, fifteen,and fifty.
Also confusing are the numbers 11–19; the words
elevenand twelveseem arbitrary, and for 13–19,
the word order is reversed, with the ones stated
before the tens. Besides blurring the pattern, these
inconsistencies obscure the tens groupings. 


Contrast the inconsistencies in English with the
predictable patterns in most Asian languages,
which follow the ancient Chinese method of num-
ber naming. The numbers 1–10 are single-syllable
words. From 11–19, the names are ten 1, ten 2, ten
3, and so forth. The number 20 is named 2-ten, and
21 is 2-ten 1.


Counting to 100 in an Asian language requires
learning the sequence 1–10 plus the word for 100,
a total of just eleven words. In contrast, count-
ing to 100 in English requires learning the
words for 1–19 plus the decade names for 20
through 90, plus the word for 100, a total of
twenty-eight words.


Korean is an interesting example for language
study. The Korean language uses two distinct
systems of number words—an everyday system
with irregularities and the system described
above, sometimes called the academic system.
Song and Ginsburg (1988) studied how far
Korean and American preschool children
could count. They found that at four years of
age, the average Korean child could count only
to 8 in both systems; whereas the average Ameri-
can child could count to 22. At five years old, the
average Korean child counted to 29 in the acade-
mic system and to 23 in the everyday system, and
the American child, to 45. At six years old, after
the Korean child learned the academic system in
school, the average number reached in counting
jumped to 91 in the academic system and to 61 in
the everyday system. Meanwhile, at six years old,
the average for American children was 72, showing
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approximately the same increase between four and
five years old and between five and six years old.
Korean children learn the counting sequence by
recognizing counting patterns, whereas American
children learn by rote memory.


Standard 13 in the NCTM’s Standards(1989)
recommends that children study patterns. The most
important pattern is the base-ten number system.
What better way to learn it than through a counting
system that highlights that pattern?


Visualization
Visualization is an important part of the Japanese
primary school curriculum. Mental images of


quantities are necessary
to work with these
quantities mentally.


To imagine or visualize a quantity, a person must
be able to subitize it, that is, to recognize it imme-
diately without counting. Subitizing has long been
recognized as an important skill for developing
number sense (Clements 1999).


Very young children can subitize small quanti-
ties. Wynn (1992) found that five-month-old babies
can distinguish among one, two, and three objects.
Researchers know that healthy babies will look
longer at an object that is novel than one that is
familiar. For example, Wynn showed a baby one
teddy bear, which was then hidden behind a screen.
Next, she showed the baby a second teddy bear and
placed it behind the screen. A teddy bear was then
added or removed from behind the screen when the
baby’s attention was focused elsewhere. When the
screen was removed, Wynn measured the baby’s
viewing time. Babies showed significant differ-
ences in viewing times of correct and incorrect col-
lections; it was found that they looked longer at
incorrect collections. Strauss and Curtis (1981)
found that half of twelve-month-old babies could
distinguish up to four objects. 


To help a young child associate the correct num-
ber with a small collection, we should refer to the
whole collection by its number and avoid having
children focus on individual objects through the
counting ritual. In counting, the child loses the idea
of the whole and assumes that we are tagging, or
naming, each object. When we point and count
four objects with a young child, then ask, “Show
me the four,” the child will often point to the fourth
object rather than indicate the whole collection.


People cannot, however, recognize and visual-
ize quantities of six to ten without some type of
grouping. Try to imagine eight identical apples in a
row without any grouping; the task is virtually
impossible. Next imagine that five of those apples
are red and that three are green. You can most
likely visualize the eight. The Japanese use the five
grouping for quantities of six to ten. The Romans
constructed their numerals in groups of fives 2500
years ago; originally, they wrote IIII to represent 4,
V for 5, VI for 6, and VIIII for 9. ☛
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Manipulatives for
Visualizing Number
and Place Value 
Manipulatives should enhance young children’s
abilities to visualize number through appropriate
groupings. Sometimes dominoes are used for quick
recognition, but dominoes have a serious limitation
because they are not additive. For example, adding
one dot to the five-dot pattern on a domino does not
result in the six-dot pattern. A ten-frame, com-
posed of a five-by-two grid with counters or dots
placed in adjacent rectangles (see fig. 1), is a
grouping that can be determined immediately with-
out counting (Wirtz 1980). Ten-frames become
cumbersome, however, for quantities greater than
about thirty.


Japanese teachers emphasize visualization
through their choice of manipulatives. The teachers
use few manipulatives but require them to help
children practice visualization. The manipulatives
used in this study include fingers and tally sticks;
the AL abacus, which is a special double-sided
abacus with the beads grouped in fives through
color (shown in figs. 3–6); and place-value cards.


Fingers and tally sticks
The most basic manipulative for children, espe-
cially young children, exists naturally on their
hands—their fingers, and they are already grouped
in fives! Use fingers for naming quantities, not
counting. For quantities of one to five, children
should use their left hands, to foster reading in the
usual left-to-right sequence. For quantities of six to
ten, children should use five on the left hand plus
the amount over five on the right hand.


Tally sticks, or craft sticks, are an inexpensive
tool for the next step in representing quantities.
The children represent quantities of one to four
by placing the sticks vertically about two cen-
timeters apart. To represent five, children place a
fifth stick horizontally across the four sticks; this
action introduces the concept of grouping (see
fig. 2). To emphasize the importance of ten, chil-
dren are instructed to start a new row after each
group of ten.


The AL abacus
For representing quantities to one hundred, the
children use the AL abacus, which has two groups
of five beads in contrasting colors strung on each of
ten wires (see fig. 3). The children enter quantities
by moving beads to the left and reading the quanti-
ties from left to right. The colors are reversed after
five rows, helping the children subitize the number
of tens. To develop number sense, children must
operate on quantities in terms of tens and ones. The


quantity 7-ten 4 (74), for example, is simply seven
rows of beads and four beads in the next row. Chil-
dren can enter and visualize any quantity from one
to one hundred without counting. The children can
also construct hundreds by stacking abacuses. For
example, to represent the quantity three hundred,
three abacuses can be stacked.


This abacus configuration has several advan-
tages over rods of varying lengths and colors that
are often used to represent quantities:


• Young children frequently regard each rod,
regardless of length, as a single unit.


• Eight percent of the population has some color
deficiency and cannot see ten distinct colors.


• For rods representing the quantity five or
greater, only the color, not the quantity, can be
visualized.


• Combining two rods does not give the immedi-
ate sum; the child must either compare with a
third rod or count. On the abacus, the result is
seen immediately. 


• When the sum is over 10, the rods do not reveal
the tens structure. On the abacus, the resulting
sum is seen immediately as a ten and ones.


• Quantities to one hundred can be subitized and
visualized.


• The “counters” are self-contained, allowing
more class time to be spent on concepts and less
time on management of small pieces. 


Place-value cards
To connect the physical representations with the pat-
tern of written numbers, the children use place-value
cards (shown in fig. 4), sometimes called expanded-
notation cards. The set of place-value cards includes
the numerals 1 through 9 printed on individual cards
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of the same size; the numerals 10, 20, 30, . . . , 90 are
printed on cards that are twice as wide; the numerals
100, 200, . . . , 900 are printed on cards that are three
times as wide; and the numerals 1000, 2000, . . . ,
9000 are printed on cards that are four times as wide.


The teacher introduces, for example, the 3-ten
(30) card by pointing to the 3 and saying, “three,”
then pointing to the 0 and saying, “ten.” Likewise,
for 400, the teacher points to the 4 and says, “four,”
then points to the two 0s in succession, saying
“hundred.” To construct 37, the child places the 7
card on top of the 0 of the 30 card. Using these
cards, a child learns to recognize the tens digit by
the single digit following it, not by its placement in
a particular column.


Using these place-value cards has some inter-
esting advantages over using the column model:


• The child sees a number, such as 37, as 30 and
7, not merely as 3 joined to 7, thereby avoid-
ing a common error. Reversals are all but
impossible.


• The child reads the numbers in the normal left-
to-right pattern, not backward, as in the column
model, in which a child starts at the right and
says, “ones, tens, hundreds.”


• The child can read the number 100 as “one hun-
dred” or as “10-ten,” which indeed it is. Also, a
number such as 1200 makes sense read as “12
hundred.”


Using these hands-on tools, children begin to
visualize and construct for themselves the patterns
of our number system. These skills enable them to
understand computation and develop efficient
strategies for learning the facts.


Visualization and
Computation
In the United States, counting is considered the
cornerstone of arithmetic; children engage in vari-
ous counting strategies: counting all, counting on,
and counting back. Japanese teachers have a differ-
ent view of counting. Starting in first grade, stu-
dents in Japan are discouraged from using one-by-
one counting procedures. According to Hatano
(1982), Japanese researchers found that mere prac-
tice in counting did not help children advance in
the conservation tasks identified by Piaget. The
Japanese Council of Mathematics Education
states that children who are taught counting pro-
cedures have more difficulties in solving story
problems, although they do well in computation
(Hatano 1982, p. 215).


Counting, which is slow and unreliable until
six years of age, creates other difficulties, as


well. Children who use counting to add and sub-
tract develop a unitary concept of number. That
is, they think of 14 as 14 ones, not as 1 ten and 4
ones. Such thinking interferes with their under-
standing of place-value concepts and often
results in rote learning of algorithms. To under-
stand that our number system is based on tens,
children must experience the pattern of trading:
10 ones for 1 ten, 10 tens for 1 hundred, and 10
hundreds for 1 thousand.


Visualization strategies offer efficient tech-
niques for learning the facts. In the “complete the
ten” strategy, for example, to add 9 + 4, the child
enters 9 and 4 on the top two wires of the AL aba-
cus; as the next step, he or she takes 1 from the 4
and combines it with the 9 to get 10 and 3, or 13
(see fig. 5). The child progresses from entering
and rearranging the quantities physically to
entering the quantities physically but rearranging
them mentally, then to performing the entire
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74 (7-ten 4) entered 
(b)
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7 entered 
(a)


37 (3-ten 7) entered and recorded
(a)


100 (10-ten) entered and recorded
(b)
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process mentally. This strategy also works for
higher numbers; for example, this same tech-
nique could be used for 59 + 4.


Another strategy that lends itself to visualiza-
tion is the “2 fives” strategy, which works when
both addends are 5 or more. For example, to add
8 + 6, the child enters 8 and 6 on the top two
wires of the abacus, as shown in figure 6. The 2
fives formed by the dark-colored beads make a
ten, and the amounts over 5, which are 3 and 1,
total 4, to yield a sum of 14.


A Classroom Study
During the 1994–1995 school year, I conducted a
study in two first-grade classrooms, each with
sixteen children, in a rural Minnesota community
(Cotter 1996). The experimental class used les-
son materials that I supplied, whereas the
matched control class used a traditional work-
book.


For the first three months of the school year,
the experimental class used the “Asian” method
of counting with a slight modification for the
numbers in the teens. I had the children say,
“1-ten 3” rather than “ten 3.” Parents had no
complaints about this method. When introduced
to 2-ten, one boy said that the number was
twenty. The teacher told him that for now the
class would call the number 2-ten, and the stu-
dent was satisfied with that explanation.


The children learned the finger combinations
to 10. They practiced both holding up the requi-
site number of fingers when asked and recogniz-
ing the quantity on the teacher’s hands. They also
practiced laying out and recognizing tiles or
counters, but always being asked to change color
or some other attribute after five to facilitate
subitizing and visualizing.


The children easily learned to enter quantities
from one to ten on the abacus without counting.
They added two quantities with a sum of less


than 10 by entering the two quantities in tandem
and reading the sum immediately.


Around the fourth week of first grade, the
teacher introduced tens. The children practiced
entering various tens up to 10-ten. They soon dis-
covered that adding 2-ten and 2-ten followed the
pattern of adding 2 and 2. They added two quan-
tities, such as 8 + 6, by entering 8 and 2 from the
6 to fill the first row, then entering the remaining
4 from the 6 in the second row. The sum was
apparent.


The children constructed quantities using the
abacuses and the place-value cards. When the
stacks of abacuses became cumbersome for large
numbers, the children used four-centimeter-
square cards with drawings of thousands, hun-
dreds, tens, and ones (see fig. 7). 


The children also used these base-ten cards for
adding with trading. Each child in a group of
three constructed a four-digit number with the
cards. Then the group added its numbers by com-
bining its cards and trading 10 of any denomina-
tion for 1 of the next higher denomination. They
displayed their sums using place-value cards and
recorded the sums on paper.


Along one edge of the reverse side of the AL
abacus is a label that designates two wires each
for the thousands, hundreds, tens, and ones; the


F
IG


U
R


E
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The sum is 10 + 3, or 13.


(c)


Enter 9 and 4 on 
separate wires


(a)


Remove 1 from the 4, and
give it to the 9.


(b)
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 6 Using the “2 fives” strategy to add 8 + 6


(the dark-colored beads equal 10, and the
light-colored beads equal 4, giving a sum
of 14)
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third and seventh wires are not used (see fig. 8).
Placing the abacus so that the label is at the top,
the children entered four-digit numbers by mov-
ing up the requisite number of beads on the ver-
tical wires. Using two wires allows an ample
number of beads for entering both addends
before trading. 


For example, to add 8 + 6, the child enters 8
beads, followed by 6 beads (see fig. 8). The child
can see the sum without counting, because the
light-colored beads form a ten. Because no more
than 9 can be recorded in any denomination, a
trade is necessary. To trade, the child moves up 1
tens bead with the left hand while moving down
10 ones beads with the right hand. 


The children enjoyed the bead-trading activity
and benefited from the trading practice. They
also added the numbers on cards labeled 1–10 by
entering the numbers in the ones columns and
trading when necessary. When the children mas-
tered trading, they began entering and adding
four-digit numbers. A few days later, they figured
out for themselves how to perform addition on
paper without the abacus.


During the fourth month of first grade, the
children learned the traditional number names.
First, the teacher explained that 4-ten has another
name,forty, emphasizing that ty means ten. In the
same way, she taught the numbers 60, 70, 80, and
90. For 30 and 50, she also used the words third
and fifth to remind the students of the new names.
Twin-tenhelped them remember twenty.


Before introducing the teen names, the teacher
played a word game in which the children
reversed the syllables in such words as sunsetand
bedroom,changing them to setsunand roombed.
Then the teacher told the students that teen
means ten. Ten-4 becomes “teen four,” and
reversing the syllables completes the transforma-
tion to “fourteen.” The children learned the
names for 16 –19 in the same way, then 13 and
15, which need the thir and fif modification.


The teacher explained the word elevenby lay-
ing out eleven objects with ten in a row and one
below it. People once referred to this quantity by
noticing the one object left over: “a one left,” or


with the words reversed, “left one.” Eventually,
this number came to be known as “eleven.” The
word twelvewas derived in the same way: “two
left.”


Results
After the experimental lessons, the teacher
remarked that the children had advanced much far-
ther than she had ever expected. She thought that
the children who had learning difficulties learned
much more than they would have achieved in a tra-
ditional program. Zachery, a first grader with learn-
ing difficulties, was able to add nines mentally
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 8 Trading on the reverse side of the AL abacus


Enter 8 ones and 6 ones
using two wires.


(a)


Show the sum as 14 (the
light-colored beads form a 10).


(b)


Trade 10 ones for 1 ten.


(c)


Show the sum as 14 after
the trade.


(d)
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using the “complete the ten” strategy.
At the end of the eighth month, I interviewed all


the children in both classes. Using a procedure from
Miura and others (1993), I gave the first-grade chil-
dren tens and ones from base-ten blocks and showed
them that the ten was equal to 10 ones. Then I asked


the children to use the blocks
to make 11, 13, 28, 30, and
42. In the interviews, 21 per-
cent of the students in the
experimental class and 44
percent of the students in the
control class made their con-
structions without any tens
blocks. Zachery made all five
of his constructions with tens
blocks and nine or fewer ones.


During the interviews, I
also asked the children to
construct 48 with the tens
and ones blocks, then to


subtract 14. Note that no “borrowing” is involved.
Children who had a unitary concept of number
removed 14 ones, that is, 8 separate ones and 6
more from a ten. In the experimental class, 81 per-
cent removed a ten and 4 ones, but only 33 percent
of the control class did so.


Some other results of the interviews are as follows:


• In the experimental class, 94 percent knew the
sum of 10 + 3 and 88 percent knew 6 + 10; in
the control class, 47 percent knew 10 + 3 and
33 percent knew 6 + 10.


• When asked to circle the tens place in the
number 3924, 44 percent of the experimental
class and 7 percent of the control class did so
correctly.


• When asked to compute 85 – 70 mentally, 31
percent of the experimental class did so cor-
rectly; none of the students in the control class
did so.


• Forty percent of the students in the control
class wrote 512 for the sum of 38 + 24 or 812
for 57 + 35; none of the experimental class did
so, even without using the abacus.


Concluding Comments
In the United States, we give our children num-
bers in bulk and they spend years learning to
package the numbers efficiently. Asians give their
children prepackaged numbers. Teaching chil-
dren to count initially with consistent counting
words follows good teaching practice; introduc-
ing exceptions should occur only after the stu-
dents understand the general rule.


Some teachers and parents are concerned that the


abacus may become a crutch. The best answer to this
issue was given by five-year-old Stan from my class
after I asked him how he knew that 11 plus 6 is 17.
He replied by saying, “because I’ve got the abacus in
my mind.” Once the children visualize a concept,
they do not use the abacus. A child who can visualize
quantities and understand the patterns in the number
system has developed good number sense and will
search for more patterns, a quest that leads to an
increase in abstract thought.


Young children are capable of adding and sub-
tracting and performing other mathematical tasks
before they develop accurate counting skills.
Counting need not be the basis of arithmetic. These
Minnesota children and subsequent classes have
developed an understanding of our number system
and efficient strategies for learning the facts. Lan-
guage patterns and visualization are two compo-
nents of learning that help young children construct
mathematical knowledge.
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The Role of English Instruction in Mathematics


In order to understand mathematics, it is necessary to understand the language
that delivers the message. From grade levels to advanced studies, the English
language (sprinkled with a few Greek symbols) is the language of choice when
defining new concepts and deriving theorems. However, unlike casual conversation,
the use of English in mathematics is designed to achieve clarity, avoid ambiguity,
and facilitate logical deduction. The precision with which language is spoken in
higher mathematics (beginning with Calculus) requires that one learn the rules
governing precise speech and valid argumentation. The K-12 English classroom is
an ideal place to acquire the language and reasoning skills necessary to succeed
in mathematics. Unfortunately, a long-standing deficiency in English instruction,
is that it does not adequately impart the kind of language and reasoning skills
necessary to succeed in mathematics.


English teachers should be trained to teach the rules of elementary logic to their
students (also known as “truth-table” logic). By the sixth grade, students should
be capable of determining whether or not the following argument is valid: “If Mary
Jane had $40 she could buy a pair of designer jeans. Mary Jane bought a pair
of designer jeans. Therefore, Mary Jane had $40.” Students who understand the
underlying logic of simple arguments in grade six will experience far fewer “anxiety
attacks” when asked to prove a proposition in Geometry in grade 10.


As for language, a skill of prime importance (and one that is ignored in K-
12 instruction) concerns the proper use of quantifiers. Quantifiers enables one
to speak a language - most any language - with high precision. For this reason,
mathematical discourse relies heavily on their use. The two quantifiers most often
used in mathematics are “universal” and “existential”. The universal quantifier uses
phrases such as “for all” and “for every” to convey that a sentence is true of all things
under discussion. The existential quantifier uses prases such as “for some”, “there
is” and “there exists” to convey that a sentence is true of at least one thing under
discussion. The sentence “Every state has some person who is governor.” contains
two implicit quantifiers. This becomes obvious when the sentence is rewritten to
read, “For all states, there exists a person who is governor.” A sentence illustrating
the use of quantifiers in mathematics is, “For all x there exists a y such that
2x+ 3y = 11.”


Students should be taught that the order in which quantifiers appear in sentences
affect their meaning. For example, by reversing the order in which quantifiers
appear in the above sentences, we turn true sentences into false ones, as follows:
“There exists a person who is the governor of all states.”, and “There exists a y
such that for all x, 2x+ 3y = 11.”.


Many mathematical proofs rely on “Reductio ad Absurdum” (Latin for “reduc-
tion to the absurd”). This type of argument requires that one be able to negate
sentences. For example, to prove that


√
2 is not a fraction, one assumes that


√
2


is a fraction, and then derives a contradiction. This example represents the most
elementary form of negation. A more complex form involves quantifiers. For ex-
ample, the sentence “In every village there is a person who nobody knows.” can
be negated by saying “There exists a village in which every person is known by
someone.” These sentences are typical of the language constructs one encounters
in higher mathematics, beginning with first-year Calculus. The use of quantifiers
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must therefore be well understood by any student aspiring to achieve more than a
cookbook understanding of mathematics.


It is by use of quantifiers that first-year Calculus students are introduced to
the concept “mathematical limit”. The mathematical limit is a cornerstone upon
which the foundations of mathematics rests. The definition typically begins as
follows: “For all epsilon there exists a delta such that for all x ....”. Unwary,
wide-eyed Calculus students should not be confronted with this type of sentence
without proper preparation. Otherwise, their eagerness to learn is placed at risk,
and promising students are discouraged from pursuing the study of mathematics.
Students who have difficulty understanding definitions and proofs likely believe they
are mathematically inept when, in reality, they may only be deficient in language
skills.


The problems outlined above are beyond the realm of mathematics instructors to
solve. Math instructors are not responsible for teaching their students elementary
logic and English, nor do they have spare classroom time to do so. Teachers of
Calculus are therefore placed in the untenable position of either (1) presenting
their students with a rigorous definition of mathematical limit (and then using this
definition to prove limit theorems), or (2) presenting a “hand-waving”, intuitive
definition. If math teachers follow the first course, they do so knowing that a large
majority of their students are ill prepared to understand it. By following the second
course, students are rendered incapable of proving even the most elementary of limit
theorems. Neither option should be acceptable to a nation whose technological
leadership is being challenged on every front.


In summary, we teach students the rules of arithmetic so they can correctly
compute, and the rules of algebra so they can correctly solve. So too must we teach
them the rules of language so that they can correctly comprehend, and the rules of
logic so that they can correctly reason.


Respectfully submitted,


Ron Johnston, retired mathematician,
ron-john@pacbell.net






