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-----Original Message-----
From: John Shacter [mailto:jsplg@comcast.net]
Sent: Thursday, May 31, 2007 2:09 AM
To: Graban, Jennifer
Subject: My Reactions to the Continuing Math Panel Deliberations
Hi again Jennifer - 

As you know from my prior messages to the National Math Panel -- when I list main institutional causes of our failing educational system -- including but not limited to math -- I generally list colleges of education at or near the top.

The following sentences refer to an item which was published today.

As you may know, Arthur Levine has recently resigned from his position as president of Columbia U.'s Teacher College. 

The results of his comprehensive study on the effectiveness of this nation's teacher and leadership training, as well as in research, have been announced today.

You can get reports which summarize his findings from the Goldwater Institute or the American Daily of Phoenix, AZ.
(http://www.goldwaterinstitute.org/AboutUs/ArticleView.aspx?id=1597)

Levine makes drastic suggestions for a sweeping recasting of teacher and leadership training in the U.S.

So much for the charge by the Administration to the National Math Panel to base their work on "research-based" evidence.

Whose research and which evidence? 

As I have asked before, are these "experts" willing to prove themselves by demonstrating their effectiveness in a real public-school classroom? 

As you know, I have spent a number of years doing so. This would be the only real-life demonstration of relative teaching effectiveness -- namely student gains in two randomly split classes of students -- say in the crucial elementary or middle-school grades. 
I also feel that the public and professionals have been totally misled about the supposed benefits of ever-smaller classes. So I would be willing to take on a much large group and compete with the expert's or professor's much smaller group.

In any case, you'll have to forgive me if I do not expect much more from this panel than from the many past ones on all kinds of subjects, including math. Naturally, I hope that they will prove me wrong. 

Please send copies of this to the members of the National Math Panel.

Cordially - John



-----Original Message-----

From: Schell, Tim [mailto:tschell@waunakee.k12.wi.us]

Sent: Tuesday, April 24, 2007 12:35 AM

To: National Math Panel

Subject: High Quality Professional Development

At the Friday morning open session at IMSA in Aurora, Illinois, Diane Jones posed the question on what constituted high quality professional development.  To my knowledge, the best research on this question was carried out by Michael Garet, Andrew Porter, Laura Desimone, and their colleagues.  Their work could be particularly pertinent because it was part of a national evaluation of the Eisenhower Professional Development Program for mathematics and science teachers.

A quick summary of their findings is that high quality professional development is characterized by activities that are sustained, content specific, promote active learning, are coherent or aligned with instructional practice, and are collective or cohort based.  I have attached one of their papers so you may have a more complete representation of their research and analysis.

Andew Porter and Laura Desimone are both at Vanderbilt currently, and I believe Michael Garet is still at AIR.

Your work is vitally important to the future of mathematics education in our nation.  Your scope is much broader than the charge for the National Reading Panel, so your task is quite demanding.  I appreciate the time and effort each of you is contributing to the work of the Panel and thank you for your service.

Best wishes for your work over the remainder of your commission.

Timothy C. Schell

Assistant Director of Instruction

Waunakee Community School District

Committed to Children, Committed to Community, Committed to Excellence 

101 School Drive

Waunakee, WI 53597
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-----Original Message-----
From: Jon Wray [mailto:JON_WRAY@hcpss.org]
Sent: Tuesday, January 30, 2007 2:28 PM
To: National Math Panel; dball@umich.edu
Cc: ffennell@mcdaniel.edu; dwatts@msde.state.md.us; Jennifer@Taylor-CoxInstruction.com; Scott Ruehl; Kay B. Sammons; Jon Wray
Subject: National Mathematics Advisory Panel's Teacher Task Group
January 30, 2007

To the National Mathematics Advisory Panel's Teacher Task Group:

After reading the Teachers and the Professional Education of Teachers Task Group report from your January 10-11 meeting, we felt the need to write you. We applaud that you are looking at the relationship between teachers mathematics knowledge and student achievement and that you are looking at models for "mathematics specialists" at the elementary (K-5) level. 

A number of state and national reports focused on improving student learning in mathematics and strengthening teachers' understanding of mathematical concepts and instructional pedagogy, have begun to call for the placement of mathematics specialists in public schools. These reports (Adding It Up: Helping Children Learn Mathematics, 2001; Keys to Math Success: A Report from the Maryland Mathematics Commission, 2001; National Council of Teachers of Mathematics Principles and Standards of School Mathematics, 2000; National Mathematics Advisory Panel: A Report from the National Center for Learning Disabilities, 2006; The Mathematical Education of Teachers, 2001) have converged around a common idea.

Each report calls for a mathematics specialist to be placed in schools as a resource for providing ongoing professional development, teaching, curriculum development, assessment, and parent and community education to improve the teaching, learning, and assessment process.  The National Council of Teachers of Mathematics Principles and Standards for School Mathematics (2000) states, "There is an urgent and growing need for mathematics teacher-leaders--specialists positioned between classroom teachers and administrators who can assist with the improvement of mathematics education (375)."

We agree there is a need for mathematics specialists, however we believe there is a clear need for them at all grade levels/bands (K-5, 6-8, and 9-12). 

As Maryland mathematics leaders who work with state and local school district K-12 mathematics teachers, we believe that there are close relationships between mathematics content knowledge, the use of effective pedagogy, and increased student achievement. However, in reviewing data from the mathematics portion of the 2005 National Assessment of Educational Progress (NAEP), as well as standardized assessment data from individual U.S. states, a clear trend exists. Standardized test scores drop dramatically when students enter the middle school grades (6-8), and then gradually, but slowly, begin to "recover" as students progress through the high school years. There is a sufficient need for mathematics specialists to receive focused training on state of the art practices in exemplary mathematics instruction, research on student learning, providing professional development that leads to positive change, and strategies for teaching and mentoring others.

When observing K-12 mathematics teachers one can usually separate them into two categories: those who have pedagogical knowledge, but lack mathematical content knowledge; and those who have mathematical content knowledge, but lack pedagogical knowledge. While elementary and middle school teachers generally fall into the first category, many high school teachers fall 

into the second category.

Elementary and middle school mathematics teachers often enter teaching with a wealth of pedagogical knowledge but only a small amount of mathematical content knowledge. Most pre-service K-8 programs give teachers training on numerous instructional techniques while only touching on mathematics content beyond the elementary and middle grades level. Mathematics specialists in grades K-8 would help elementary and middle school mathematics teachers develop deep understanding of the connections between the mathematical topics that they teach in their grade levels and the future mathematics topics that their students will learn.

High school mathematics teachers enter teaching with a great deal of mathematical content knowledge but with very limited pedagogical knowledge. Most secondary mathematics pre-service programs include only one or two methods of instruction courses for teacher-candidates seeking to teach high school mathematics. Teacher-candidates are coming out of these programs with an excellent understanding of mathematics, the connection between the mathematics they will teach, and future mathematics topics the students will learn. But they lack the knowledge of how to best impart the mathematics knowledge to their students. High school teachers need "mathematics specialists" who can help them attain this pedagogical knowledge. Mathematics specialists for grades 9-12 would not only be able to fill any content gaps teachers may have, they would be able to train high school mathematics teachers on best practices in secondary mathematics instruction, connections to STEM related fields, and assist in building (and retaining) a professional learning community amongst mathematics teachers.

Our school district was Maryland's first to respond to the call for mathematics specialists over 6 years ago when we placed five school-based specialists in our lowest performing elementary schools. To date, there are twelve elementary, six middle, and three high school mathematics specialists in twenty-four of our sixty nine schools. Based on the continued need (and success of these individuals) at each level, we have requested local funding for one more mathematics specialist in a middle school and three more in high schools for next school year.

We agree that "mathematics specialists" are needed to develop and retain a qualified, creative, effective mathematics teaching force. We urge that you use this vital opportunity to consider widening your scope of recommendations to include "mathematics specialists" at all grade levels/bands. We believe that all mathematics teachers need to be experts in mathematics content knowledge and mathematics pedagogy, and that "mathematics specialists" are the most effective way to make this happen. 
Thank you for considering these important facts as you finalize your task group's recommendations.
Sincerely,
Kay B. Sammons
Coordinator, Elementary (K-5) Mathematics
Howard County Public Schools
Ellicott City, Maryland

B. Scott Ruehl
Coordinator, Secondary (6-12) Mathematics
Howard County Public Schools
Ellicott City, Maryland

Jonathan A. Wray
President-Elect, Maryland Council of Teachers of Mathematics
Secondary (6-12) Mathematics Instructional Facilitator
Howard County Public Schools
Ellicott City, Maryland
-----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: gentlemill@aol.com [mailto:gentlemill@aol.com]
Sent: Saturday, December 16, 2006 12:59 PM
To: National Math Panel
Subject: comments
Dr. Larry R. Faulkner,
 

I am a parent of two students.  One is a graduate and one is still a student of District 196, comprising the Rosemount-Apple Valley- Eagan area in Minnesota.
 

I am an engineer and fully realize the importance of mathematics and sciences courses and comprehension.  I hope that your panel can find ways which can convey to the rest of our nation the importance these academic subjects have to our well-being as individuals and as a nation.
 

The most troubling issue in the education system is the lack of competency of a teacher in subject matter.  Once we achieve that, excellence will be easier to reach.  There is one instructor who is not only competent in his subject material, but has achieved the level of instruction excellence.
 

The purpose of my communication with you is to inform you of a specific mathematics teacher at Apple Valley High School.  He is Barry Gimpel.  Mr. Gimpel is as perfect a math instructor as is humanly possible.  He really cares about the subject he teaches and he cares that his students not only do well in his classes, but that they truly understand the subject material.  He is organized.  Every day he has his materials ready:  overheads, lecture, class participation, assignments.  And he has each day structured so he does not waste class time.  He has each of his lectures recorded on video so that if a student is absent, the child can borrow the video and not miss anything!  He maintains order in his classroom; the students respect him.  And part of the reason why he gains that respect is because of his sense of humor; it's just right.  He willingly offers his out-of-class time for students struggling.  He believes that feedback should be as immediate as possible:  most test scores are posted on the school's "parent portal" website the same day, and if he needs more time, never later than the next day.  He even emails scores to the parents who provide email addresses.  He realizes the importance of the involvement of the family.
 

The man is amazing.  I couldn't have hoped for a better math instructor for my children.  Unfortunately, there aren't enough teachers like him and my children have not been "lucky" enough to have the same caliber of instruction for all of their math classes.  It would be wonderful for all children, parents, and the nation if your panel could raise the bar.
 

Thank-you for your consideration,
Caroline Koepp, P.E.
-----Original Message-----
From: wpalisaw [mailto:wpalisaw@netzero.net]
Sent: Thursday, November 09, 2006 10:20 AM
To: Clark, Holly
Subject: November 4, 2006
I am sending you the following letters that may be of interest.
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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: 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: 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: 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: 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: 
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: 
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: 
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: 
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: BarbaraJeanne Zellmer [mailto:bzellmer@ecsdm.org]
Sent: Wednesday, July 26, 2006 1:13 PM
To: National Math Panel
Subject: Our Child Was Left Behind
Dear Sirs;

 

Our child, a 6th grader, is a student at Monhagen Middle School in Middletown, NY.

 

Our son, is not an excellent student, he is a “B” student and for this past year has had a difficult time adjusting from elementary to middle school (or junior high school).  His grades suffered (“F” and “F-“ in major subjects) during the middle of the year and we, his parents, attended several group cluster teacher-parent conferences to come together with a strategy to help him to succeed.

 

When we requested to be better informed as to our son’s lack of progress (ex. missing weeks of assignments, “refusal” to do weeks of class work, “forgotten” homework assignments, etc.) we were informed, by the teachers themselves, in effect, they could not be bothered keeping track of our child.  “That’s what the agenda is for, you as the parent have to keep on top of your son’s progress or lack of!”  Forgive me/us, but isn’t that what a teacher is supposed to do? 

 

 I/we realize there is a lot more to being a teacher these days than when my husband and I were children in our school days, but, aren’t teachers supposed to be accountable for their students, especially when the student is failing utterly?  Our son, with our diligence and research and constant overseeing, managed to pull his grades up to a C- in all but his Math with a D+ (his math teacher never made any time for him to come for extra help nor was any extra help/tutoring even hinted at during our meetings).  

 

Our district has been recognized as a district that needs improvement, and with the NCLB Act I/we are surprised that such a blatant, useless remark could be so casually expressed.  We left each of these meetings with a very low outlook for our son’s academic future to succeed.  Can our child or any other child be left to fall through the cracks of society and become a nothing?  I/we would like an answer and perhaps an investigation into this situation, I believe there are other students whose parents feel the same way, but perhaps they don’t know where to go for an answer.

 

We appreciate your time and attention to this matter.  Please acknowledge this letter as soon as possible as another “new” school year looms over the horizon for our son.

 

Sincerely,

Henry and Barbara Zellmer

-----Original Message-----

From: Jerry Becker [mailto:jbecker@siu.edu]

Sent: Thursday, June 15, 2006 12:34 PM

To: jbecker@siu.edu

Subject: Who will speak for us?

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

 From an elementary school teacher ...

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

Regarding the meetings of the National Mathematics Advisory Panel -

Who will speak for us?  Who will make heard the educator's needs for 

teaching and implementing investigative-type math in our classrooms? 

Where will we find more time in our school days to do all we have to 

do in reading, writing, social studies and science, let a lone the 

math?  AND, the fine arts are disappearing ... so, good for all these 

national panels! ... but if they only see things in pieces, and not 

the whole picture of how learning happens, they are wasting their 

time and our money ... and possibly, contributing to the demise of 

the public school system.

Note:  See information on the members of the Panel at: 

http://www.ed.gov/about/bdscomm/list/mathpanel/index.html

-- 

Jerry P. Becker

Dept. of Curriculum & Instruction

Southern Illinois University

E-mail:   jbecker@siu.edu
-----Original Message-----
From: Marsha [mailto:mcantrell@wsa.net]
Sent: Wednesday, June 14, 2006 12:38 PM
To: National Math Panel
Cc: MCANTRELL.WSA; wu@math.berkeley.edu; david.klein@csun.edu; shmid@math.harvard.edu
Subject: teaching math
I presently teach and chair the mathematics department at a small private school in Augusta, GA.  I have read many of Dr. Wu's writings on the teaching of fractions and algebra, and they are excellent.

Our program at Westminster Schools of Augusta, GA models the program recently designed by the CA school systems.  While we emphasize drill, basic math terminology and age-appropriate understanding of the methods (esp. fractions) is paramount.  The State of State Math Standards 2005 written by Dr. David Klein and panel is also an excellent reference guide.

One problem that must be addressed by your panel is poor teaching and poor textbooks.
Poor teaching is very often the result of a combination of two bad things:  math teachers who do not understand math (poor education depts.), and their subsequent reliance on poor texts (publishers who sell "pretty books").

Poor textbooks abound.  Glencoe publishing has particularly gone down the path of kid-friendly algebra books. 

I am presently using a 1985 elementary text by Dolciani for my 6th and 7th grade summer review of fractions.  These outstanding authors (Larson, Brown, Dolciani, etc.) are being brushed aside and many math teachers are ill-advised in university education departments.

Two publishers taking the lead with good texts are McDougal-Littel and Prentice-Hall.

We use the Precalculus with Limits (Larson) as our high school math 12 text.

Another push that will lead to the demise of math and science in schools is "discovery mathematics."  Let's focus on real teaching and let not the publishers drive math into the ground.

Sincerely,

Marsha H. Cantrell

Mathematics Chair

Westminster Schools of Augusta, GA

mcantrell@wsa.net

P.S.  Is it possible for interested teachers to attend the panel meetings?

-----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.  

In 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

25
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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. 
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 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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School Board of Volusia County




Fax:  (386) 322-7574


Area 1 Superintendent






No. of pages incl. cover:  3

729 Loomis Avenue


Daytona Beach, 32114


Attn:  Stanley Whitted


Re:  Mainland High School


Dear Mr. Whitted:


I am writing a letter about Mainland High School.  My son, James Schaaf is registered there for the 10th grade.  


My son is failing Algebra II.  His Algebra teacher, Ms. Redden has chosen not to communicate this to me even though she knew this early on.  She has also chosen not to return my phone call inquiry to her in September.  I called her when James shared with me that he is struggling in her class. He has asked for assistance from Ms. Redden many times and feels she is rushing through the explanation and he cannot follow the steps because of this.  He claims that Ms. Redden has stated that he does not need the steps to solve the problem and should be working beyond that. This is demeaning to him as a person and a hit on his self-esteem.  James shared some of the remarks he has been subjected to by Ms. Redden which include  “if you’re not understanding the work now you are probably not going to get it” and “if you can’t get these simple problems you should probably think about transferring out of my class and into Liberal Arts”.  How very convenient for Ms. Redden.  Is she a teacher?  These types of comments are callous and arrogant. We asked for a student conference back as early as October with again, no response.  We now have one scheduled, long after the fact, for November 6.  Yesterday, James took a 9-week Algebra exam.  His class was cut short due to a pep rally, which seems to take precedence at Mainland High School and he was unable to finish the exam.  Here is comment by Ms. Redden to Ms. Mandell who forwarded it to me. 


“He failed the first quiz of the 9-week period….I have already given that back to the students….and he probably failed today’s quiz just by glancing at it briefly….he is coming in the morning to complete a couple he did not finish 


Another one of Ms. Redden’s comments include the following: 


From: Redden, Glenna F.


Sent:  Thursday, November 02, 2006
9:31 AM


To:  Mandell, Susana C.


Subject: RE:  OCRV Oh he is struggling….he can’t even solve an equation for y……this morning he came in for some help…..he was solving for y….thought 6 – 3x =3……he really should be in liberal arts……..I’ve already re-taught how to solve for y and then to graph the equation
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In addition to the above, I have discovered that no Algebra II textbooks were issued to the class.  Instead, Ms. Redden has chosen to issue thick packets with problems to solve.  Where is the reference area?  How would anyone be able to work through Algebra II without reference?  My son mentioned that Ms. Redden has stated that he does not need the steps to solve the problem and should be working beyond that. As a result of Ms. Redden’s “teaching” practices, we have encouraged my son to seek out and attend tutoring.  We have made the transportation available to him and in fact, pick him up from the School on Monday, Tuesday and Thursday each week since September so that he can participate.  We were recently told by a Ms. Mandell that she passed by the tutoring and did not see him there so that he must not be going to tutoring.  With this assumption and the negative implications of trustworthiness that she implied, I asked my son’s guidance counselor, the Director of guidance counselors, Ms. Winck-Hall,  (whom, by the way also did not return my calls until over a week later after I had left yet another message) that she was going to find a sign in sheet for the after school counseling services.  She stated that she could only find James signature for 3 of the counseling sessions so assumed he was not attending.  I asked her if she would arrange a time with me to address this with my son and she refused stating that it was something I needed to do and made it clear by her tone that I was putting her out.  She then proceeded to blame my son for his failing of Algebra II and told me to put some consequences in place.  I did speak with my son about tutoring. He stated that the sign in sheet was not always evident at tutoring and that quite often, the teachers were not either or sat in the back of another classroom area.  I do believe that my son was attending tutoring.  I think there could be more consistency placed on the sign in sheet. To resolve this, I typed up and equipped James with a sign in/sign out sheet with a signature area.. In addition, I have retained a private tutor for James.  





Early this morning, I had a conversation with Principal Graham.  Ms Graham made it clear that she did not wish to hear anything about the above. She stated my son appears to have done poorly in Algebra I as early as last year. She stated he was not doing well this year in Chemistry, which she said is Algebra based. I asked Ms. Graham why put James in Algebra II?  Why put him in Chemistry?  Why allow him to suffer and take a blow to his self-esteem?  Why allow his GPA to suffer?  Why let a kid become so miserable attending class that he wants to quit school? Why didn’t Ms. Redden communicate James struggle with us before it escalated this far?    


Ms. Graham stated that she was not going to answer my questions.  She did say the school has oodles and oodles of new Algebra books upstairs in a room somewhere and all a student had to do was ask?  I asked her again why the Algebra books weren’t standard issued at the beginning of the year to the students, for which I could not get a response except that I should move James to a lesser Math class or have him change schools.  


I am saddened about this situation.  I do not appreciate having my child “pre-judged” based on the failure of this situation when it could have been resolved as early as last year??  As it appears there was ample opportunity for this to have resolved. I would like to emphasize how disappointed I am at the above and the inconvenience this has caused because it has been allowed to escalate at the hands of people who should know better.  This is a literal pain. To be clear, I have been put in a position to love my child (ren) enough to ensure they have the quality of education they (and any child) deserves.  This includes having the courage to stand up (sometimes against all odds) because I did make a commitment as a mother. Something else that I find to be unsavory is that I have to put up with inconsiderate "inside" comments.  This is not very nice 
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conduct from public school staff that is choosing to collect a paycheck.  I had thought that the people who are committed to working within this field would conduct themselves ethically and with the highest possible decorum and standards and we expected a return phone call at minimum.  


Obviously, as this situation has proven, this is not a priority. All my son and I have tried to do is represent a better academic situation.  As it stands, I do not appreciate having my child “pre-judged” based on the failure of this situation.  I did let Ms. Graham be aware that I was taking the responsibility to share my concerns with the Superintendents office about this situation.  Ms. Graham replied that she, Dr. Salerno, and other faculty would act together to respond and I did not appreciate her response that I was the problem when I have dedicated my time, energy and effort over and beyond to proactively resolve a situation that never needed to occur in the first place.  I refuse to allow my son to become a pawn in this situation and a possible target by staff because I choose to pick up the ball and take the responsibility to seek out and ask some very valid, quite needed questions.  This situation does not deserve a “send ‘em’ packing response.  It does require accountability. Unfortunately, as it stands, I have lost a level of trust in the ability of certain staff at Mainland and consider their actions substandard and negligent.  


Please feel free to call me with any questions you may have.


Sincerely, 


Katherine Palisano


1128 Bradenton Rd


Daytona Beach, Fl 32114


courtesy copy:  Dr. Margaret Smith, Superintendent, Volusia County Schools


      

  Fax:  (386) 226-0394
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Amnerican Edu"ccational Researeb journal
Whi7ter 2001G. Vol. 38S. AN. 4! pp. 95- 945


What Makes Professional Development
Effective? Results From a National Sample


of Teachers


MichaC' S. Garet
American Institutes for Research


Andrew C. Porter
U/niversity of Wisconsin. AMadison


Laura Desimone
IVanderbilt U,niversitv


Beatrice F. Birman
American Institutes for Research


Kwang Suk Yoon
American Institutes /br Re.search


This study utses ca nationcal proba bilty sacmple of 1,027 mathemwatics atnd
sienc<Ze) teachers to provide tbe firs; large-sceale empiricap l comparison of ef-
fects of dcl{{frent charactetistics o, professional development on teacbers-
learnfnj,. 'esults. baseid on ordinar least squares regression. indicate three


MIcFiAal S. GARFT is Chief Research Scientist. American institutes for Research.
1000 Thomas jefferson St. NW. Washington, DC. 20007. EHiis specializations are quan-
titative research methods, educational organizations, and education reform.


A,N >RF\Y- C. PORTER is 1irector, Wisconsin Center for Education Research, and
Professor of Educational Psychology, University of Wisconsinh Madison, Wisconsin
Center for Education Resea irch, 02 W. Johnson St, MMadison. WI 5.3706, His spe-
cializations are research o?n teaching policy, and assessments


L4 RA i)PsEMSNr; is Assistant 'irofessor of Public Polic and Education. Vanderbilt
Universit,. Peabodv College Rm 21E, Nashville, 'IN 3,203 iler specializations are
education reformi andl program eval ation


BRAmhlcF F. B3RMAN is Managing Research Scientist Arincan Institutes for Re-
search. lOt' Thomnas Jefferson St., NWXT, Washington, I)C 2X0007 Hier specializations
are evaluation of education programs. education policy, and sociology of education


Kxs: AN S; a YOON is a Senior Research Scientist, Anmerican Institutes for Research.
1000 Thomas jefierson St.. NW. Washington, DC 20007. His specializations are mo-
tivation and lifelong learning, iongitudinal research methods. and, program
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Garet et al.


core fjeatures oj'professional dev'elopment act/i'ities that bave signiJicant,
positive ejffects on teachers' sel/Lreported increases in knowledge and skills
and changes in classroom practice: (a),focus on con-tenzt knowledge: ('b)
opportunities for active learning; and (c) coherence with otber learning
activities. It is primarij/ througb these coreftatuires that the jlbloiuing strlc-
tufral fealtures signficantiy affect teacber learning. (a) the form of the ac-
tiv'ity (e.g., uworkshop vs. study group); (b) collective participation of teacbers
firom tbe same school, grade. or subject; and (c) the duration of'the activity..


In recent years, national, state, ancd local policymakers and educators have
launched efforts to improve education by creating a funcamental shift in


what children learn and how they are taught. If children are to achieve at
levels demanded by the high standards that states and districts have adopted,
however, teachers will have to help them do so. Teachers are necessarily at
the center of reform, for they must carry out the demands of higlh standards
in the classroom (Cuban, 1990). Thus, the success of ambitious education
reform initiatives hinges, in large part, on the qualifications and effectiveness
of teachers. As a result, teacher professional development is a major focus of
systemic reform initiatives (Corcoran. 1995. Corcoran, Shields, & Zucker,
1998).


To carrvy out the demiands of education reform, teachers must be im-
mersed in the subjects they teach, and have the ability both to communicate
basic knovledge and to develop advanced thinking and problem-solving
skills among tieir students (Ioucks-Horsley, Ilewson, Lovc, & Stiles, 1998:
National Commission on Teaching and America's Future, 1996). The central
elements of svstemic reform-high standards, curriculum frameworks, ancd
new approaches to assessment aligned to thfose standards-generate new
expectations for teachers' classroom behaviors, as well as for student per-
formance (Bybee, 1Q93; National Council of Tl eachel-s of Mathematics, 1991:
National Research Council, 1996; Webb & Romberg, 1994).


However, although teachers generally support high standards for teach-
ing and learning, many tealchers are not prepared to iimplement teaching
practices based on high standards (Colhen, 1990; Elmore & Bturnev, 1996,
Elmore, Peterson. & McCarthey, 1996; Grant, Peterson, & Shojgreen-Downer,
1996: Sizer, 1992). Many teachers learned to teach using a model of teaching
and learning that focuses heavily on memorizing facts, without also em-pha-
sizing deeper understancling of subject knowledge (Cohen, McLaughlin, &
Talbert, 1993; Darling-Ilammond & McLaughlin, 1995; Porter & Brophy,
1988). Shifting to a more balanced approach to teaching, which places more
emphasis on understanding subject matter, means that teachers must learn
more about the subjects they teach, and hiow students learn these subjects.
The continual deepening of knowledge and skills is an integral part of any
profession. Teaching is no exception (Shulman & Sparks, 1992; National
Board for Professional Teaching Starndards, 1989).
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Wheat A'akes Pnjeissziona/ D)etvelopmnent l9/i'Jctive?


Defining High-Qualitv Professional Development


During the past decadie, a considerable body of iterature has emerged onl
professional development, teacher learning. and teacher change.' The re-
search literature contains a mix of large- and smnall-scale studies. inclucding
intensive case studies of classroom teaching. evaluations of specific ap-
proaches to improving teaching and learning, and surnves of teachers about
their preservice preparation ancd in-service professional development expe-
riences.' In acldition, there is a large literature describing ibest practices in
professional developmnent, drawing on expert experiences. D)espite the size
of the body - of literatuire, however, relativeiv little systematic research has
been conducted on the effects of professional dcevelopment on improve-
ments in teaching or on student oIutcomes.


Although relatiaely little research has been conducted on the effects of
alternative forinns of professionat development. the research that has been
concLuctec. along x ith the experience of expert practitioners, provides some
preliminarv guidance about the characteristics of high-quality professional
development (see in particular. Loucks-iforsle, fliewsoon. Love. & Stiles.
1998'. For exaFmple, lamiles Hiehert. in a review of the research on math-
ematics teaching ancd learning conducteci for the National Council of each-
ers of Mathematics, calls attention to the importance of high standarcls,
content: focus, and in-depth learning opportunities for teachers, According to
FHiebert,


Research on teacher learning shoows that frui-ful opportunities o
learn new teacthing meth cxls share several core features. t'-a ongoing
(measured in vearst collaboration of teachers for purposes of plan
ning xxith tb) the explicit goal of impro vng studcents' achievement of
eiear ieaming goa'is, c'c) anehored hy attention to students thilking.
the Curricul. n; cnd pedagogy xwii> (d' access to alternative ideas
andi methoeis and opportunitics to obServe these in action and to
reflect on the re'asons for their effectiveness . (1999. p. 5


Although lists of characteristics such as .hese commnonly appear in the
literature on effective professional deveioprment. there is little direct evi-
dence on the extent to wvhich these characleristics relate to positive out-
cotnes for teachers ancd students. Some stucies conductec over the past
decade suggest that professional development experiences that share all or
most of these characteristics can hlaVe a suibstantial, positive influence on
teachers' classroom practice and. student achieveenent.- Several recent stud-
ies have begun to examine the importance of specific characteristics cf
professional developm-ient. Fot example, a numlber of recent stucdies suggest
that the duration of professional dCeelopPment Is related to the depth of
teacher change (Shielis. hMarsh. & Adeiman. 1998: W9eiss. MNontgomnery. Ridg-
wvay. & B3ond 1998). Furthermore, there is some indication that professional
cdeleiopmnent that focuses on specific mathlematics and science content and
the w'ays students learn sulchl content is especially helpful. particularly for
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instruction designed to improve students' conceptual understanding (Cohen
& Hill, 1998; Fennema et al., 1996). HIowever, although some researchers are
beginning to examine the effects of professional development on teaching
and learning, few studies have explicitly compared the effects of different
characteristics of professional development.


Thus, there is a clear need tor new, systematic research on the effec-
tiveness of alternative strategies for professional development. The National
Research Council. for example. in a review of recent research on the cog-
nitive sciences. teaching, and learning, argues that


Research studies are neecied to determine the efficacy of various
types of professional development activities, inciuding pre-service
and in-service seminars, workshops, and summer institutes. Studies
should include professional cdevelopment activities that are extended
over time and across broad teacher learning comnmunities in order to
identify the processes and mechanisms that contribute to the devel-
opment of teachers' learning communities. (Bransford, Brown, &
Cocking. 1999, p. 240)


Study Design


In this paper we draw on data collected as part of a national evaluation of the
Eisenhower Professional Development Program, a federal program which


supports professional development for teachers, mainly inl mathematics and


science. We designed this stidy to enable Us to examine the relationship


between features of professional developmnent that have been identified in
the literature and self-reported change in teachers' knowledge and skills and


classroom teaching practices. We integrated and operationalized the icleas in
the literature on "best practices' in professional development to create a set
of scales describing the characteristics of activities assisted by the Eisen-
hower program, then empirically tested these characteristics to examine their
effects on teacher outcomes.


Data Sources


For the analyses in this study. we use data from a Teacher Activity Survey
conducted as part of the national evaluation of the Eisenhowier Professional


Development Program. The program. Title II of the Elementary and Second-


arv Education Act (ESEA), is the federal governmnent's largest investment that


is solely focused on developing the knowledge and skills of classroom teach-


ers. Part B of the Eisenhower program. with a 1999 appropriation of about


$335 million, provides funds through state education agencies (SEAs) to


school districts, and through state agencies for higher education (SAHEs) to


grantees: SAHE grantees include institutions of higher education (IH-lEs') such


as universities, 4-year colleges, or 2-year colleges, and not-for-profits


(NPOs). which are organizations such as zoos, museums, and libraries.
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Thtese fLnds primarily sUppor-t professional devrelopment in mnathematics and
science.S


The Eisenhower program is a source of funding for professional devel-
opment activities, not a specific approach to professional development. The
program allow s support for activities that are wilde-ranging and incl-tide
workshops and conferences. study groups. professional networks and col-
laboratives. task force work, and peer coaching. Furthermore. Eisenhower
tunding does not exist in a vacuum. Professional development activities
assisted by funding frotm the Eisenhower programn t or "EisenhlowaZer-assisted"
activities) also may receive f'unding through states. school districts. and other
federal programs. Therefore, this studv about the effects of Eisenhower-
assisted activities on teacher outcomes also is applicable to professional
development finded through other sorurces.


In the spring, summner. and fall of 1998, we surveyed a nationallv rep-
resetntative sample of teachers w-ho had attended Eisenhower-assisted ac-
tivities over the period from. July 1 through December 31. 1997. We carried
out: the survey by drawing a national prohability sample of school districts
annd SAHiE grantees receiving Eisenlhower finds. Districts were sampled in
proportion to the number of teachers in the district, and SAIllE grantees were
sampled in proportion to the size of their Eisenhower grant, based on the
logic that SAHE grantees w ith larger grants would serve larger numbers of
te.achers.' For each district ancd SAHE grantee draw-n into the sample, we
collected a coimplete list of all prof essional development activities conducted
'with Eisenhower funds over the period from1n luly throsugh December, 1997.
We then drew a sample of two activities in each district or SAllE grantee.
xwith probability proportional to the flnl)ber of teachers attending the activ-
ity. We then randomily subsanlpled two teachers whho attended each activity.
We received responses from 1027 teachers, representing activities sup-
ported byrv Eisenhower funds in 358 districts and SAHE grantees. This pro-
duced an overall teacher response rate of 72%. The survey asked each
teacher to provide detailed information about the specific Eisenhower-
assisted professional development activity that we drew in our sampling
process and that led the teacher to he selected for our sample. Responses are
self-reports of teacher experiences and behav.ior.


Measures


On tilhe basis of the research on high-Luality professional development, our
analvsis of the characteristics of professional development focuses on "struc-
tLral features"-characteristics of tihe structure or design of professional de-
velopment activities; and "core features"-dimensions of the substance or
core of the professional development experience. We include three struc-
tuiral features in. our model: (a) theforn of the activity (i.e. whether it is a
reform type, such as a studv group or network, in contrast to a traditional
wvorkshop or conference); (b) the duration of the activitvy, including the total
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number of contact hours that participants spend in the activity, as well as the


span of time over which the activity takes place; and (c) the degree to which


the activity emphasizes the collective participation of groups of teachers


from the same school, clepartment, or grade level, as opposed to the par-


ticipation of individual teachers from many schools. We also examine three


core features of prof'essional development activities: (a) the degree to which


the activity has a content focuis (that is, the degree to which the activity is


focused on improving and deepening teachers' content knowledge in math-


ematics and science): (b) the extent to which the activity off'ers opportunities


for active learnin.g, such as opportunities for teachers to become actively


engaged in the meaningful analysis of teaching and learning (for example,
bv reviewing stutdent work or obtaining feedback on their teaching); and (c)
the degree to which the activity promotes coherence in teachers: professional


development, by incorporating experiences that are consistent withl teachers


goals and aligned with state standards and assessments, and by encouraging
continuing professional communication among teachers. Thle teacher out-


comes that we measure are self-reported increases in knowleclge and skills


in several different areas (e.g., use of teclnology, instructional m ethods,


approaches to assessment) and changes in classroom practice. Below we


briefly review the research in each of these areas, and provide m.nore detailed
clescriptions of the measures used in our analysis.


Structural Features


T1pe oj activitv. Undoubtedly the most common type c,f professional
development, andc the form most criticized in the literature, is the 'work-


shop." A workshop is a structured approach to professional development
that occurs outside the teacher's ow n classroom. It generally involves a


leader or leaclers with special expertise and participants who attend sessions
at scheduled times-often after school, on the weekend, or during the sum-


mer (Loucks-Hlorsley, Hewson, Love, & Stiles, 1998, pp. 42-43). Institutes,
courses, and conferences are other traditional forms of professional clevel-


opment that share many of the features of workslhops, in that they tend to
take place outside of the teacher's school or classroomn and thev involve a


leader or leaders with special expertise and participants who attend at sched-
uled times.


Although traditional formis of' professional developmnent are quite com-
mon, they are widely criticized as being ineffective in providing teachers
with sufficient time, activities, and content necessary for increasing teacher's


knowledge and fostering meaningful changes in their classroom practice
(Loucks-Horsley, I lewson, Love, & Stiles, 1998). As a result, there is growing
interest in "reform" types of professional development, such as study groups
or mentoring and coaching. These reform types differ from traditional pro-


fessional development in several respects. In particular, reform activities
often take place d(uring the regular school day. In fact, some reform activities,
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suci as mientoring and coaching. t ake place, at least in part. during the
process of classroomr instruction or duiring regularly scheduled teacher plan-
ninlg tirne. By locating opportunities for professional development within a
teachers regular work cay, reform types of professional development may
be mnore likelv than traditiona1 forms ton make connections with classroom
teaching. and they may be easier to sustain over timne.


In addition, reform types of activities may he more responsive to how-
'eachers learn (Ball. 1996). and may have miore influence on changing teach-
ing practice (l)arling-Hamrnmoncld, 399 1996: lHargreaves & Fuilian. 1992:
Little. I1993: Richardson. 199C4; Sparks & LoUcks-IHorsley, 1989; Stiles, Loucks-
Hlorslev & Hewson. 1996oV Furthermore. Darling-Hammniond (3997) argues
that these types of activities mnavy be more responsive to teachers needs and


Somae schools have hegun to create new models of induction (i.e.,
support for new teachers) and ongoing professional development for teach-
ers and principals. T hese mcodels feature mentoring for beginners anid vet-
erans: peer observation andi coaching: local study grouaps andc networks for
developing teaching within specific subject matter areas (e.g.. thle National
Writing Project or the Uri)an M:ath7ematics Colaboratives); teacher academies
that otfer ongoing seminars and courses of stLdy tied to practice: school-
university partnerships that sponsor collaborative research. interschool visi-
tations: anrid a variety of formal and informal learning opportunities
developed in response to teachers and princilpals! felt needs (D)ariing-
Hammond. 199., p. 325


In our survey of teachers. wve asked each teacher to describe the specl-
fiec Eisenhower-assisted activity in which cthe teacher participated. and, as
part of the cdescription, we askedt the teacher to specify the type of activity
and offerecd a choice of 10 categories.8 We coded the first four categories
txvithin--district w-orkshops. courses for college credit, out-of-clistrict wvork-
shops, and out-of-district conferences, as traditional forms of activities, and
the remaining six categories 'teacher study groups. teacher collaborativ es or
netw-orks. committees. mentoring. internships. and resource centers) as re-
forni types of activities)9


'I'he type of activity may set the context for maanyv other features of the
activitv's structure anci its substance. Because reform act4vities such as study
groups and mentoring often take place during the regular scinool clav, thev
mayv enable activities of longer duration than traditional activities; ancd thev
max make it easier to encourage the collective participation of groups of
teachers from the same schlool or department, Given the potential imnpor-
ta nce of activity type as a key structural feature. we contrast traditional and
reformn activities,


l)rration. Almeost all of the recent literature on teacher Jearning and
protcessionai development calls for professional development that is suIs-
tained over time. The duration of professional developmelnt activities is
expected to he important in tw-o ways. First, longer activities are more likely
to provide an opportunity for in-depth discussion of content, student con-
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ceptions and misconceptions, and pedagogical strategies. Second, activities
that extend over time are inore likely to allow teachers to try out new


practices in the classroom and obtain feedback on their teaching.
On our Teacher Activity Survey wve asked about two aspects of duration:


the total number of conitact hours spent in the professional development
activity, including all components of the activity that were held during the


1-year period from- JTuly 1, 1997, through June 30, 1998; and the span or


period of time, in days, weeks, and months, over which the activity was


spread ."' Although hours and span are correlatecd (r = .41), they measure
different aspects of duration, both of which are potentially important in


providing teachers with sufficient opportunities for in-depth study, interac-
tion, and reflection.


Collectiveparticipation. There is a growing interest in professional de-
veiopment that is designed for groups of teachers from the same school,
department, or grade level. Professional development designed for groups of


teachers has a number of potential advantages. First, teachers who£1 work
together are more likely to haxve the opportunity to cliscuss concepts, skills,
and problems that arise during their professional development experiences.
Second, teachers who are from the same school, department, or grade are


likely to share common curriculum materials, course offerings, and assess-


ment recluirements. By engaging in joint professional development, they
may be able to integrate what they learn wvith otlher aspects of their instruc-


tional context. Third, teachers W ho share the same students can discuss
students' needs across classes and grade levels.


Finally, by focusing on a groUp of teachers from the same school,


professionaal development may help sustain changes in practice over time, as
some teachers leave the school's teaching force and other newf teachers loin


the faculty. Prof'cssional development may help contribute to a sharecd pro-
fessional culture, in which teachers in a school or teachers wlho teach the
same grade or subject develop a common understanc'ing of instructional
goals, methiods, problems, and solutions. (See, for exaample, Talbert &


McLaughlin. 1993.) Collective participation in the same activity can provide
a foram for debate and improviig understanding, which increases teachers'
capacity to grow (Ball, 1996). 1urtllermore, Knapp (1997) emphasizes that


change in classroom teaching is a problem of individual leatrning as well as


organizational learning, and that organizational routines and establishing a


cultLre supportive of ref orn instructiorn can facilitate individual change efforts.
Little research is available on the effects of collective approaches to


professional development, hIut there is some evidence that it can be effective
in changing teaching practice. N ewmnann and associates. in a study of 24


"restructuring schools," note that irn the more successful schools:


Professional development tencned to be focused on groups of teach-
ers within the school or the faculty as a whole. Making use of internal
as well as extemal expertise, staff development activities took advan-
tage of local skills and sharing of effective practice. Including internal
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experts as staff developers reinforced teachers' sense of cornmnitment
to their school's goals. (tNew-rmann & AsscKiates. 1996?


Tor measure the construct of 'collectiv\e participation" in professional
develonment, we asked each teacher in our national sample to indicate
wvhether the activity in which the teacher participated was designed for all
teachers in a school or set of schools, or all teachlers in the teacher's depart--
ment or grade level."


Core Features


Foocusing on content. Although there is a large bodv of literature on
professional development, surprisingly little attention has been given to
what teachers actually learn in professional development activities. that is.
tiheir content. In particular, little research has been conducted on the relative
efficacv of professional development activities that focus on different types
of knowledge, skills, and teaching practices.' 2


The available descriptive research stuggests that the content covered
cduring professional development activities varies along at least four dimen-
sions. First, activities va. in the relative emphasis they give to the subject
matter that teachers are expected to teach and the teaching methods teachers
are expected to employ. Some activities are intended primarily to improve
teachers' knowledge of suotec.-matter content. some are designed to imn-
prove general pedagogy or teaching practices, such as classroom manage-
nitnc. lesson planning, or grouping methodis: and some are intended to
improve wN-hat Shultman 1 (198) has termed "pedagogical content knowl-
edge'-teach;ng practices in specific content domains, suLcht as teaching muiti-
cligit addition in elementary mIathematics or forces and motion in physics.


Activities also varn in the specificity of the changes in teaching practice
that are encouragecd. Some activities focus on helping teachers use particular
curriculumn materials t(e.g., ,ew textbooks, science kits, or curriculum re-
placement units) or prescribed teacihing strategies (e.g.. specific student
questioning strategies). Others focus on general principles, giving less at-
tention to specific curricula or strategies (see Kennedy, 1998, for a discussion
of this distinction).


In addition. activities vary in the goals for student: learning that they
emphasize. Some activities emphasize helping teachers improve student per-
formance in the basic skills, for example. nmemorizing facts and mastering
procedural skills, stch as long division or solving linear equations with one
unknow-n. Other activities focus on helping teachers improve students' con-
ceptual understanding: for example, the ability to explain the reasons behind
a solution strategy. -


Finally, activities varv in the emphasis thev give to the wvays students
learn particular subject: matt er. Some activities give considerable emphasis to
improving teachers' understanding of how children, learn. by focusing, for
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example, on common student preconceptions, misconceptions, and solution
strategies in specific subject domains. Other activities focus primarily on new
curricula or teaching methods, while giving little attention to the ways stu-
dents learn.


Although there is little evidence on the relative effectiveness of profes-
sional development activities that focus on learning different types of know]-
edge, skills, and teaching practices. a small literature has begun to emerge
focusing on these issues. In particular, an emerging body of work suggests
that professional development that focuses on subject-matter content and
how children learn it may be an especially important element in changing
teaching practice (e.g., Corcoran, 1995). In part, researchers base this argu-
ment on the fact that many teachers lack strong content-specific teaching
skills. Reynolds, for example, in a review of the knowledge base for elemen-
tary school teachers, concluded that 'beginning teachers have surprisingly
few content-specific pedagogical understandings" (1995, p. 214). Rhinc
(1998). in a discussion of the role of research in teaching, pointed out that
[r]eform-minded teachers are hungry for continuing education that provides


novel ways to address content" (p. 27).
A number of authors argue that professional development requires a


dual focus on both knowledge of subject matter content anc an understand-
ing of how children learn specific content. Hiebert et al. (1996), for example.
argue that teaching for understanding in mathematics recquires two formns of
knowledge:


... knowlecdge of the sutbject to select tasks that encourage students
to wrestle with key ideas ancl knowledge of students' thinking to
select tasks that link xith students' experience and for which students
can see the relevance of the ideas and skills they already possess.
(p. 16)


This point of view is bolstered by several recent stuclies of the effects of
professional development on student aclhievement. Cohen and 11:11 t(1998')
conducted a study of mathematics teaching in Califcornia, based on data on
teachers' professional development experiences and school-level data on
student performance on a mathematics test administered statevwide. They
found that, controlling for the characteristics of students enrollecd, average
mathenmatics achievement was higher in schools in which teachers had par-
ticipated in extensive professional development focusing on teaching spe-
cific mathematics content. compared to the achievement in schools wvhere
teachers had not. Participation in professional development focusing on
general pecdagogy, however, was not related to student achievement.


Kennedy (1998) found similar results in a review, commissioned for the
national Eisenhower study, of well-designed experimental studlies of the
relationship between professional development ancd student achievement in
mathematics and science. Kennedy (.1998) found that, compared to more
general professional development, professional development that focuses
on specific content ancl how students learn that content has larger positive
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effects on stucdent achieveiment ouitcomes. especially achievement in con-
ceptual understanding.


On the basis of this emerging evidence. we view the diegree of content
locus as a central dinmension of high-qualitN professional development. TO
examine the content focus of activities. we asked each teacher in our na-
tionral sample to indicate the clegree of emphasis the activity in wihich thle
teaclher participated gave to deepening content knowledge in mathematics
and science, using a three-poin. scale (no emp haisis = 0. minor enlphasis
1. mti/or empheasis = 2).'-1


Promoting Active Learning


A second core feature of professional developmient concerns the opportu-
nities provided by1 thIe professional development activity- for teachers to
become actively engaged in meaningful discussion. planning, and practice
(see, tor exampie, Lieberman, 1996; Loucks-Hlorslev, liewson. Love. & Stiles,
19981). Opportunities for active learning can take a number of forms, includ-
ing the opportunity to observe expert teachers and to be observed teaching:
to plan how new curriculum naterials andt new teaching metrbods will be
used in the classroomn: to review student work in the topic areas heing
covered:l and to lead dliscussions and engage in written work (Carey &
Freclhtling. 1997: Darling-Ilaminond. 1997-. Lieherman, 1996).


A.lthougil our survev data do not includle information on the extent to
\ hliCh a particular strategy was used in an activity nor whether it was used
in conjunction with conceptu31. in-depth learning, we cio have information
on the prevalence of several types of learning strategies. We focuis in par-
cuilthir Orn foUr dimensions of actixve learning: observing and being observed


teaching: planning for classroomn implementation: reviewing student work:
and presenting. leading. and writing.


Obseirving anrd being observede One elemnent of active learning is the
opportunity for teatchers to observe expert teachers, be observ ed teaching in
their own classroom. anc' obtain feedb'ack. These opportunities can take a
variety of' forms. inCluding providing feedback on vicdeotaped lessons, hav-
ing teachers visit each othiers' classrooms to observe lessons. and having
activitV leaders, iead teachers, mentors., and coaches observe classroom
teachers and engage in reflective discussions about the goals of a lesson, the
tasks employed, teaching strategies, andi student learning.


We asked eachl teacher in our national sample howL the activityv helped
thle teacher use new skills in the classrooin. In particular, we asked each
teacher whether the teachier received coaching or mentoring in the class-
room as part of the professional development activity: wihether the teacher s
teaching was observed by the activity leader(s., and feedback was provided:
and w-het:her the teaclher's teaching was ol)served by other participants and
feedhachk was provided. We also asked -whether the activitv was evaluated in
panrt based on an observation of the teacher's classroom.


Planning clissiroom impleinen at ion. A second clemnent of active learn-
ing invoix es the opportunity to link the ideas mntroduced during professional
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development experiences to the teaching context in which teachers work.
The introduction of new approaches may have different implications de-


pending on the curriculum in place in a teacher's school, the specific text-


hooks adopted in the teachers' classrooms, and the required assessments in


the teachers' districts. Also, the characteristics of the students enrolled in the


teachers' classrooms, including the material covered in previous grades and


students' expectations for classroom instruction, may affect the implemen-
tation of new teaching approaches.


We asked each teacher in our national sample whether, as part of the


activity in which the teacher participated, the teacher practiced under simu-


lated conditions, with feedback; met formally with other activity participants
to cliscuss classroom implementation; communicated with the leader(s) of
the activity concerning classroom implementation; met informally with other


participants to discuss classroom implementation; and developed curricula
or lesson plans that other participants or the activity leader reviewed.


Reviewing student work. Another element of active learning is the op-


portunity to examine and review student work. By examining students' writ-


ten responses to problems, for example, teachers may gain an understanding
of students' assumptions, reasoning and solution strategies (Schifter, 1996;
Carpenter, Fennema. Peterson, Chiang, & Loef, 1989). Also, examining and


discussing exanples of student work may help teachers develop skills in


diagnosing student problems and clesigning lessons at an appropriate level
of difficulty.


We asked each teacher in our national sample whether the teacher
reviewed student work or scored assessments as part of the activity; whether


other activity participants or the actvity leader reviewed work completed by
students in the teacher's classroom; and whether student outcomes were
examined as part of an evaluation of the activity.


Presenting, leading, and writing. Apart from opportunities to observe
teaching, plan classroom implementation, and review student work, profes-


sional development activities may also offer teachers the opportunity to give
presentations, lead discussions, and produce written work. Active participa-
tion of this kind may imnprove outcomes by permitting teachers to delve


more deeply into the substantive issues introduced.
We asked each teacher in our national sample whether, as part of the


activity, the teacher gave a lecture or presentation; conducted a demonstra-
tion of a lesson, init, or skill; led a wlhole-group discussion; led a small
group discussion; or wrote a paper, report. or plan.


O.verall index of active lean ing, To examine the effect of active learn-


ing opportunities provided in the activities in which our national sample of


teachers participated, we created a composite index, summing all of the


types of active learning. Because our survey included four items to measure


opportunities for observation, five for planning, four for reviewing student
work, and five for presenting/writing, simply summing thie 18 types of op-


portunities included would give more weight to planning and presenting/
writing than to observing and reviewing student work. Thus, in computing
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the index, we weighted each of the fotur itemas pertaining to observation ancL
the four items pertaining to student work by 1.25. This produces an index
that runs from 0 (no opportunities were provided for active learning) to 20
tall types of active learning wvere provided).


Fostering Coherence


A third core feature of professional development concerns the extent to
which professional development activities are perceived by teachers to be a
part of a cohierent program of teacher learning. Professional development for
teachers is freciuentlv criticized on the ground th-at the activities are discon-
nected fromn one another-in other words. individual activities do not form
part of a coherent program of teacther learning and development. A profes-
sionzal deveiopment activitvy is more likely to be effective in improving teach-
crs know\ledge anci skills if it forms a coherent part of a wider set of
opportunities for teacher learning and development. We assessed the co-
herence of a teachers professional development in three wvays: the extent to
wvhich it builds on what teachers have already learned. emphasizes content
and pedagogy aligned with national, state and local standards, frameworks,
and assessments. and supports teachers in developing Sustained, ongoing
professional communication with other teachers who are trying to change
their teaching in similar ways.


Connzectionts n/tb goals and other actit-ies, One way to assess whether
a professional development activity is part of a coherent program of teacher
learning is to ask whether the activirv builds on earlier activities and is
followed up with later. more advanced wvork. To adidress this issue. we asked
each, teacher in oLur national sample to report the extent to which the activitv
the teacher attended wvas consrstent with the teacher's goals for professional
development: hased explicitly on what the teacher had learned in earlier
professional development experiences; ancd followed Ip w ith activities that
built upon what was learned in this professional development activity
Teachers responcded on a scale from I to S. w-here I = ?not tat all and S = to
ar great e:xtent.


Alzgnm77entZ with. state and1C d;str/ct standclards anld a.sse.ssments. A. second
aspect of coherence concerns the alignment of the content ancd pedagogy
emphasizedl in the activities v-ith national, state, and local frameworks, stan-
dards. and assessments. Teachers receive guidance about what to teach and
howv to teach it fromt multiple sourCes, such as material covered in form- al
professional development. preservice education, textbooks, national stan-
dards, state and local policies and assessnments. and the professional litera-
tLrtu (Cohlen. & Spillane. 1992(). if these sources provide a coherent set or
goals, thev can facilitate teachers efforts to improve teaching practice, buLt if
they conflict thev marv create tensions that impede teacher efforts to develop
their teaching in a consistent direction (Grant, Peterson. & Shoigreen-
t)o wner, 1996 K
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Efforts to align professional development with state and district frame-
works, standards, and assessments offer one approach to increasing
the coherence of the instructional guidance teachers receiive. The pro-
cess of aligning professional development with state and district standards
and other policies can take a number of forms. For example, professional
development activities can he chosen to reflect the topics emphasized in
state and district standards. Or, professional development activities can focus
on the goals for student learning emphasized in state assessments or the
pedagogical methods emphasized in state curriculum frameworks (Webb,
1998).


To measure the alignment of the professional development activity with
state and district standards, we asked each teacher in our national sample to
indicate the extent to which the activity was aligned with state or district
standards and curriculum framewTorks, and with state and clistrict assess-
ments. Teachers were asked to respond using a 5-point scale, from 1 = not


aligned ait all to 5 = aligned to a great extent.
Comnmunication witb others. The third dimension of coherence con-


cerns the ways in which professional development activities encourage pro-
fessional communication among teachers who are engaged in efforts to
reform their teaching in similar ways. An ongoing discussion amiong teachers
who confront similar issues can facilit. te change by encouragiimg the sharing
of solutions to problemiis, as well as by reinforcing the sense that, with time.
improvement is possible. 'T"here is somc ev idence, for exanmple, -hat net-
works of teachers involved in change can help sustain motivation (Lieher-
man & McLaughlin, 1992). In addition, by sharing nmethods, ciscussing
written work, and reflecting on problems and solutions. teachers may foster
a better understanding of the goals for student learning that proposed
changes in teaching implv.


To measure the extent to which teachers in our national sample wTere
encouraged to establish professional communication as part of the Eisen-
hbower-assisted activities in wlhiclh they participated, we asked the teacilers
whether thiey hacd discussed what they learned with other teachers in their
school or department who did not attend the activity; whiether they had
discussed or shared what they7 learned with administrators (e.g., principal or
department chair'); and whether they had communicated5 outside of formal
meetings held as part of the activity, with participants in the activity -who
teach in other schools.


Overall Index of Coberence. To provide a composite measure of the
overall extent to which Eisenhower-assisted activities are a part of a coherent
program of professional development, we combined the items that comprise
our three specific dimensions of coherence. The composite sums the items
concerning connections to teachers' goals and other professional develop-
ment experiences: alignment; and professional communication. Because
three items are available for the first and thirdi of these dimensions, while
only two items are available for the second, we weighted the items for the
second dimension by 1.5. This produces a scale that runs from 0 (the activitjy,
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cdidl not /tch ifeany of tfbe trcsw of coberence a- meciasuredl) to 9 0the aictiv-ity


ptrovided ,di of thbefi)nns a-e mnea.sured).


Teacher Outcomes


Iitacht'r knouw/cc/ge and skilks. To assess tihe effects of participation on
teachers' knowledge and skills, we askecd each teach'er in our national
sanmple to indlicate the cdegree to w-hich his or her know,vledge anci skills wvere
enhanced as a result of participation in the sp)ecific Eisenhower-assisted
activity that cdrew the teacher into the samrple. WVe asked each teacher to
indicate the extent to which knowl-edgc and skills hadE been enhanced in
each of thlle following areas: (a i curcuLEIm M e.g.- units, texts. standardsa. (I)
instractional ietllhods: (c) oapproaches to assessment; Ed.) use of technology
in inistruLction (e.g., comnpu ters, graphing calculators). (e) strategies for teach-
ing diverse student popul ations (e.g.. uith disabhilities, from underrepre-
sentcd populations. economically disadvantaged. limited Erglish proficient.
range of abiltiesj: and (t; cdeepcr ing knoxwledge of mathematics.


Teachers reported thcir respOnses using a 5-point scale, wvhere I = not
ait u/zi ancd = to ari ge-rect evtentl 3Oe averlged eachI teacher's responses on
these six item"s to create a composite scale measuring enhanced knowledge
and skillS.


Chainge ii clafNssrooni teaiching practkice e' asked the teachers in our
nitional sample to what extent they miade changes in their teaching practices
in each. of the Ibilowing domains, as a resut. of the professional deveiopinent
activity' k a) the mathematics curriculunm content, (bY the cognitive challenge
of mathernatics classrioc)m iCtixvities (c @ the instructional milethiod(s eyilpkoyed,
d e tihe tvpes or mix of assessments used to evaluate students, ( e) the ways


technology t calculator or computefl is used in instruction, and (f the ap-
proaches taken to student dlVesity 0


Teachers were asked to repoqrt responses on a scale from O to 3,^ where
0I = ch bange. I - minorchange, 2: modterate changLa and 3 . skf21? n
change. We averageL each teacher's responses to these six items to create a
composite scale measur-ing change in teaching practice.


Estimation Methods


To examine the effects of the structural and core features of professionalj
development on teacher outcomes. \vc estimated a formal causal modei.
using data fromii our national sample of teachers. Because it is posSi:le that
teachers in cdiflerent t pes of schools or teachers xvithl different clharacterinsIcs
may experience different types of professional developmtlent, we included
schooll and tecacber characteristics as cont-ol variables in ouLr model, The
mocdel inclulides two characteristics of the schools n. whic-h the participating
teacherrs teach: the percent of students eligible for free ancd recluced-price
lunch. and the percent of minority enroliment. The model also includes five
characteristics of-the participa'ting teachers. gendcer, subject of the teacher's
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professional development experience (mathematics or science); grade level
(elementary, middle, or high school); whether the teacher is certified in his
or her main teaching field; and the teacher's teaching experience, in years.15
In addition, we also included the sponsorship of the activity as a variable in
the model (coded i = SA-Ifr granitee, 0 = district).' l


We have characterized professional development activities in terms of


structural and core features. We view the three structural features-activity
type (reformn versus traditional), cduration, and collective participation-as
structural elements that set the context in which a professional development
activity takes place. We view the tihree core features-content focus, active
learning. and coherence-as characteristics of the professional development
processes anid experiences that take place (luring an activity. Given this
framevw ork, we expect the structural features of professional development to
play an important role in determining the substance or core of the profes-


sional development experienced by teachers; and we expect the core fea-
tures of the professional development experienced to contribute to teacher
outcomes, including enhanced knowledge and skills and changes in teach-
ing practice. We estimate this implied modlel using ordinary least squares
(OLSI) regression.' 8


Our clata are cross-sectional, so we cannot rule out alternative causai
interpretations. We can, however. identify the strength and direction of re-
lationships among variables. Our path model suggests a logical ordering of
the design and outcomes of professional development activities, but our
model shoulid not be considered to exclude the possibility of two-wavy effects
or an alternative temporal ordering.


Results


Table I shows the regression coefficients, significance levels, and standarcd
errors of the predictors in the model. Table 2 gives these statistics for the
control variables in the model, and Figure I displays the causal model rep-


resented by the results of our analyses. The appendix lists the means and
standard deviations of all the variables in the model and the correlations
between them. The results shown in Figure I are expressed as standardized
path coefficients. All paths shown are statistically significant at, the .05 level.


To interpret the results, we begin by discussing the effects of the three
structural features (form, duration, an(l collcctive participation) and proceed
to discuss the core features (content focus, active learning optportunities, and
coherence) and teacher outcomes. The results indicate that activity tvpe has
an important influence on duration: reform activities tend to span longer
periods (.21) and to involve greater numbers of contact hours (.10:) thani
traditional activities. Our results also sho- a modest direct effect of activity
type on enhanced knowledge and skills (.05), indicating that reform activi-
ties lhave slightly more positive outcomes when all of the design features and
quality characteristics in our model are included.


Our two measures of duration-time span and contact hours-exert a
substantial influence on the core features of professional development ex-
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Figure 1. The relationship of features of professional development to
teacher outcomes.


periences. Time span and contact hours have a sul)stantial pos4tive influence
on oPportunities for active learning (.30 and .31 ) and coherence (.26 and
.1.6). Longer activities rend to inclucie substantiallyi more opportunities for
active learniing. such as the opportunity to plin fc)r classroom implennent3-
tion, observe and be observed teaching, review students xwork, and give
presenEations and demonstrations. Longer activ-ities also tend to promote
coherence including connecEions to a teacher s goals and experiences, align-
ment with standards. and professional comnmunication wsith other teachers.
Titme span and contact houLrs also have a moderatelv positive influence on
the emphasis given to content kno-wledge L08 and 10): activities that spanl
a longer period ancE ast nmore hoturs are more likely to focus on mathematics
andl science content.


The fact that 1)0th timle span and contact hoUrs have independent effects
on our measures of core features suggests that bo0th dimnensions oi duration
are important. Professionail developmenet is likely to be of higher quality if it
is bxoth sustained over titme and involves a substantial numbler of hours.


All three of our measures of the core features of activities have a positive
.nfluence on enhancecd knowvledge and skills, as reported. by the teachers in
our samnple. Both content focus and coherence have substantial positive
effects on enhaniced knowledge and skills (133 and. 442) indicating that
activities that give greater emphasis to content andt that are better connected
to teachers other professional clevelopmient experiences and other reform
efforts are more likely to produce enhanced knowledge and skills, Active
learning also is related to enhanced knowledge ancd skills At} -i but the effect
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is less strong. Activities that are content focused, lut do not increase teach-
ers' knowledge and skills, have a negative association with clhanges in
teacher practice (-.11).


Finally, enhanced knowledge and skills have a substantial positive in-


fluence on change in teaching practice (,.44); teachers who report enhanced
knowledge and skills are likely to report changing their teaching practices
as well. In addition, the coherence of professional development activities
has an important positive influence on change in teaching practice t.21,
over and above the effects of knowledge and skills. This suggests that com1-
pared to teachers whose professional development is not coherent. teachers
who experience professional developpment that is coherent-that is. con-
nected to their otther prolessional development experiences, aligned w-ith
standards and assessments, and' fosters professional comnunication-are
more likely to change their practice. This positive effect for teachers whose
professional development is coherent is true even compared to teachers who
nave gained the same underlying knowvledge and skills as a result of their
professional developmrent experiences.


Our clata also provide information about how prevalent these charac-
teristics are in a teachers professional development activities. 'T'he data in-
dicate that most Eisenhower-assisted activities are traclitional in form.
Overall, 79% of teachers participating in district activities participated in


tiraditional types of activities, includcing 52'/o in in-district workshops. 4i% in
college courses, 1594 in out-of-district workshops or institutes, and 8yo in
conferences. Similarly. 7/4 . of teachers participating in SAHE grantee pro-
fessional developnment activities (i.e.. sponsored by) institutions of highier


education and nonprofit organizations) participated in traditional types.
Some teachers report that the activities in whiich they participated were


reform tvpes, including collaboratives and networks, internships. mentoring.
resource centers, committees and task forces, and study groups, but the
overall percent of teachers participating in reform activities is relatively
smatll.


Although most teachler-s participate in traclitional forms of professional
development, there is a considerab)le amrount of overlap between traditional
and reform types of professional development on the other structural and
core featuires of' these activities. For example. the average length of reform
activities is 35 hours, compared with 23 hours for tradlitional activities. But
there are some traditional activities that last over 120 hlours, and some reform
activities that last fewer tiian (20 hours. Similarly. 62% of' teachers report that
traditional activities last 2-i days or less, but 18% participate in traditional
activities that span 9 months or miore; anct wherea-s 29% of teachers partici-
pate in reform activities that span 9 moniths or more 34-0/ are in reform
activities that span 2-4 davs or less.


There also is substantial variation on the core features for both reform
and traditional activities. E lalf or more of teachers in both reformn (54%) and


traditional activities (50(Yy) report that the activities have a major emphasis on


mathematics and science content knowledge. Furthermiore, although the
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mean num-iber of active learning opportunities is higher for retorm aetivities
I i ) thian for traditional activities (,3.1), manv traditional activities offer he-
tween 1'2 and 16 types of, active learning, and many reform types offer only
I or 2 typcs of active learning. Similarl.y aithougLh reform activities score
highler on ax erage on coherence than traditional activities (G.3 c-omparedl
wvith 5.9). b)th forms of activities sometimes have no or fewN characteristics
of coherence, tandc sometimnes hIave as many as nine types of coherence.


Variation ailsi exists across reformil and traditional types in teach-er re-
ports of enhancemnent of knowlvedge and skills and changes in classroom
practice. On a scale of 0-,. wvhere (0) = no enbhanceme,t and 5 = great
enhancs-emnent, teachers report a mean of 3.1 for traditional activities and 3.i
for reform activities. For hoth types of activities, hlow.ever, teachers report
xarving degrees of enhancedc knowledge and. skills, froi 1 to I.


Similarly, teachers report changing practice more as a result of reform
activities thlanf traditional acitvitiCs 0,2i compared to 1.2, Nvhere C) = nzo
chainge and 3 = the DigbLS(t (WgWC 0f change). but scores for both types of
activities range across the entire distribution-froMM nO change to the highest
degree of ch-ange.


It is (lear from these data that nmany professional developnment activities
clo not liave features of high qcuality,. whether they are structured as reform
or traditional. There may he several reaosoins wnh some activities lack high-
quality feat_mres. First, providing ac-ivities wvith multiple high-quaiity features
is challenging. and requires a sub)stantial a-mount of lead time anlCi planning,
which schiools and districts max: not alwavs have. Second. providing activi-
ties wvith thiese high-clualitv f-eatures is expensix e. We estimate that it costs an
average of S512 per teacher to, provide a high-qJuality professional clevelop-
ment experience This is mnore than twice the amount of money that, districts
tvpicalvl spend.


Discussion and Implications
These results suggest several ways for improving professional developmenet
First. they provide empirical confirmation on a national probability sample of
the assumptions in the literattire on "best practice" in professional develop-
mlent. For example. our resuttts indicate thsat sustained and intensive profes-
sional development is mnore likely to) have an inipact. as reportedi by
teachers, than is shorter professional development. Our results also indicate
thiat professional developmient that focuses on academlic sU-bec)t matter con-
tent), gives teachers opport-unifies for hands-o n' wXork 'active learning). and
is integrated into the dailv life of the school) (coherence), is more likely to
produce enhanced knowlviedge and skills.>'


Our results also extend the literature on "hest practice- in several waxvs.
For example. although wve ndcl distinctions between tec effects of- traditional
and refom, actix ities. they generally are. not cdirect effects on teacher otit-
coenis. Rather, the effect of reformr versus traditional professional develop-
ment activities operates indirectly thnrough the other- clesign features and
dimiensions of cquality identified above. That is, reformll activities tend to
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produce better outcormes primarily because they tend to be of longer dura-


tion. Traditional and reform activities of the same cluration tend to have the
same effects on reported outcomes, and there is considerable overlap in
span and contact hours for these two forms of activities. Thus, to improve


professional development, it is more important to focus on the duration,
collective participation. and the core features (i.e., content. active learning.
and coherence) thanl type.


In addition, our results provide support for previous speculation about


the importance of collective participation and the coherence of professional
development activities. Activities that are linkied to teachers' other experi-


ences, aligned with othier reforrm efforts, and encouraging of professional
conmniunication am-ong te'ichers appear to support change in teaching prac-
tice, even after the effects of enhaniced knovvledge andc skills are taken into


account. Such coherence has been hypothesized as important. but Tith little


direct empirical support in the literature to date. Similarly, oUr data provide
empirical support that the collective participation of groups of teachers from


the same school, subject, or grade is related both to coherence and active
learning opportunities. which in turn are related to improvements in teacher
klnowlecige and skill and changes in classroomn practice.


F-inallyv, along with several recent papers (Cohen & llill. 1998: Kennedy,
1998), our results confirm the importance of professional development that


focuses on mathematics and science content. Much of the literature on pro-


fessional development focuses oin the process and deliv,ery system: our re-


sults give renewved emphasis tc, the profound importance of subject-matter
focus in designing high-quality professional development.


It is important to emphasize that although the data discussed here are


cross-sectional, there are a numb1er of strengths to the data set on whiclh our


model of effective proflessional developiment is estimated. First, the data


represent a national pro1 ability sa mple of Eisenhower mathematics and


science professional devclopment activities ancd the teachers who partici-
pated in them. Beca.usc the 1Eisenhoxver program is a funding stream, and
therefore can be usecd for a w\ide variety of professional (ievelopment activi-


ties, it is reasonable to conclude that this is a representative sample of math
and science professional development being offered in the United States.


Second, despite the compnpc'{tecl three-stage sampling schemllc followed, the


response rates were an exceleient 72 D. Districts and SAHE grantees were


sampled to obtain rosters of professional dcevelopnment activities for a


o-mc0ntlh period. Activities were then sampled with probability, in proportion
to the numbher of teachiers paiticipating. Finally. respondents vw ere ranidomly


sampled from the selected professional clevelopment anctivities, Third,


whereas the data are based on teacher self-report, teachers w,vere askedi to


give an accounting of behaviors. not provide direct judgetnents of quality


that might have been more likelv biased in a positive direction. Fourth. the


analyses are conducted on between-respondent and between-activity vari-


ance. To the extent that teacher self-report is based in a positive direction,
this bias may operate uniformly throughout the data set. and if so, does not
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affect our estimanites in thle path analysis. Althoughi there are many strengths
to thet dat.a describecd in this paper. longitudina- research dlearly is needed.,
focusinig on the relationships amoing prolessional development, te3cher
learning, teacher chlange, and u;ltimlately stUdent learning.


Results of ou)r StuLdy indicate th-iat :f w've are serious about uising profes-
sional ciexveloptmien1t as a mechanism to improvc teaching;, we need to invest
in activities thiat have the characteristics thiat research 'l 5'nons foster improve-
m11enlts in leaching. A major challenge to providing this type of high-quality
professional deveiopmient is cost, Schools and districts understandably feel a
responsibility to reach large numn-bers of teachers. But a focus on breadth in
ternis of tnumber of teac hers served comies at the expencse of cdepth in termns
o i-UtiLtitv of1cxperience. Our results suggest a clear dIrection for schools and
distritts: in order to provide useful an effective professional development
that has a meaningful effect on teacher learning and fosters improvements
in classroom practice, fundis shou;d be focusedi on proAiding high-qUality
professional development experiences. This would reqIuire schools and d'is-
tricts either to focus resources on fewer teachers. or to invest sufficient
resNources so that m<)ore teachers can benefit frorim high-quali-ty proiessionai
dev \elLopm2ent.


APPENDIX


Sampil Design and Response Rates


IeXmisnig the samnple. WVe bised the district samnplin g fram-ne for the 1997--1998
[caclhet Activit- Slrvev on the Comrnon Core of l)ata tCCI)X. nmaintained !1y the
National CX enttr for Eiiucation Statistics, At the rtme we selccted the sample, 1992-
993 xw as i-e most recent year ft n xvhich compleic CCD) data xwere available.


Because district size as mea.sured by. thie 11 tiber of: tl eachers) is highly skewcdl.
a simple ranuoin sample \-vouid contain manx small districts rep;recn-ting very few
tealchers. ThEIU. \xe drew: the sample o! districts with, prohabitity proportional to
district size se palratLey wvithin cach of the three povexty strata, using the numbet of
teachers employed .as the measure of size. Wiithin cash stratum, wve selected xvith
ce-rtainty all districts with 5,00.'; or mnore teachers-i low-poxverty districts, 10 me-
cioum-poverty districts, and 12 high-poverty districts.


To oi)titfl SUffiCiCenlyi prcciSe estimnates of p)rogram characteristics, we planned to
sam)ple -OO cdistrict coordinators. In. some Large districts, lisenhaxver funds are di-
vided among subdistricts. Tn estimate thte nurmbr of subdistrict interviews that mnight.
lb required. wve assumed Ehat subdistrict interviews would occut in only very lare
districts (i.e.. the 26 distrcts with more than 5$(St teacher.s), and -*e assumed, that one
subdistrict interview v ould be required per 5,00 teachers. These calculations led us
to es-timate that the 26 certaintty districts in oUr sample rmtight generate 53 interviews
altogether-,2 more than. would be required without subdistricts.


Because we desired an overall sample size of 400 inten.'iews, we set a total
samnplse size of 37 3 chstnct-. to accommodate the anticipated 27 additional Subdistrict
interviews. B3ecause xx c planned to select 26 districts with certaintw, this left 34-
districts to be drawvn xxith probability proportisnai to size. We allocated these 342
districts to the threc strata in protniortion to each stratumns tota. nurmber of teachers in
dListricts -vith fex vc'r than i 500 teaciers. This procedure yielded a sample size of 140
loNv-poverty districts, I 29 mediu-m-poverty districts, and 10-i high-povert, districts.
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Table A 1
Correlations Among Variables


'I eactiulg


Standard I'ov- Mini- (Gen- sub- In- exper


Mean 'deiatton c:rt- oirty der ject Gadc filcd ience


30(.3 23.65 3.0(


29.31 30.12 50'.. .iO)


1.15 .38 .(( -.03 1.0))


1.50 .50 02 .06 .13'.. 1.00


1.70 .82 .15 .0. 33f.. .1)2


70 .51 -.3)' -Olet -. r5 -.0)2


13.93


1.23
1.20


34.97
0


0


1.00


-.02 1 .00


93 - 03 -.()8 05 - 04 -.02 .02 1.0(0


.42


.40


1.78


43.84
I


>08 -.03
.()G .07'
.(1 .3 234


.(01 .(jS


.03
- 03


-.01


.02
-.()9.


.0-'


- 04
-.02


.()S
.02


- .310


-.(1
- 1 4-*


- I '.-


-.03
-.334
-.(6'


.()3


1 .08' .0)9 - 03 12 -.19"' .01 .)


(' .73 .03 .(8 -- .(9- .02 -.1 .'.


-.02 29 '03 .0! -.20-' -.(9 -.2"'"


3.31 .80) .08' .Il' -.(38' .04 -- 13'-`


1.28 .S1 .05 .03 -.15


.03 - 131"


.1 '- -.02


.05 _-')S"


.00 -.25"* 01


N\lote. Paidwise cortelations are based oxn n values ranging from 901 to 102?. For a list of the


qoestions fromn the 'leacher Activity Survey used in this analysis. see the 'technicai Appendix in


Garet et al. (1999).
'p < .(5S. **p < .'1. ***p < .001.


Samplhng activities atnd teache;s. Altogether. we successftlliy completecl inter-
views in 363 districts ancd consortia. Within each, district in vhlich we cotnpleteC an
interview, we asked the Eisenhower coordinator to provide a complete list of all


Eisenhower-assisted activities conducted in the district over the period frotm July i


through Decetnber 31. 1997. 'eten of the 369) districts with completed interviewvs did
not conduct any Eisenhower-assisted. activities during this period, leaving 339 from
which we potentiallv could obtain activitv lists.


For most districts. we drew two activities at random from the complete list of
mathematics and science activities provided, with probability proportional to the
number of participants in each activity. For districts withi more than 7,500 teachers,


938


Schoolt, percenrt
of students
in pnverty


School, percent
of minority
students


'Teacher's
gender


Sut0iect
Grade level
In-fieldl


certification


'I eaching


experience
Sponsor


Type
Span


Contact hours


Collective
participation


Focus or;
conitent


knowiedge
Active learnirig
Coherence
Enhanced


knowledge


and skills
Change it


teaching


pracLicc'


-O4


--o


-.08
I]0-'







IX[ bat M-luke's PitveuSSio nutZk c'/opmlent L//ectnv"


(Alange in
C, nju.Lt C( lie. ti';t O nlet : t t KnriM ltucdg teaching


Gr 'sis , A jw c 1et.Z:;s a;Mti(ci-titv rf us ic-nitng (C>
3


'; enct ant: skills practice


,-


i,
7; t ic>


I :1K.


_". ~ ~~ ~ ~~~ .- ̂} (i ... ! ; +


I 3Tr- .I,,- YSr- . 3 '- -,- vSa' . k8,-
I .11'


I t);,8


10t- 26i- I' 2',' l,t' .'5'' eIm- S,F'-' I58- u


wRe dcrewv one activity lor eaco group of 2t500 teaclers teac hing in the district. Thus,
for exatple, xs'te drewv three activities in cdistricts wvith between :,.590 and 9,999
teachers, and towr ao:ivities in district s ml!ith betwveen. 0.00 ancd -i 2.2,9 teachers,


Once tihe sarnple of activities wvas drawn for each district, w-e asked tche cistrict
Fisenilhower coordinator to provide a list of all teachers participating in each of ttie
saMpled aciuvities. We tilen drew a simple random sample of 2 teachiers fot each of
th'e selected activities. Of the 359 districts from Nwhich * e attempted to obtain activity
lists and teacher names. *5e obtaineci complete acth iNt iasts and teacher names fro(m
312. a response rate of Wy?.,. c examined variation in response rates for activity lists
andI teacher names by' district size and, poverty. NXWe observed sotime diffcrencet s 'in the
.esp,ns.e rat.es lot a ac tivity- lsist by cistricts size. but the re is no c-lear patte rn. We did not
oosi'vc' an' differences In response ly poverty.


Res;x'nise rate ./br tecacher, Altogether. for the 31t2 dlstrtcts for which we oh-
tained activitY lists and teacher names, -wve sampled 1.25S teachers. eTc ol)tained the
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school adcdress for each of these 1.255 teachers from the Eisenhower coordinators.
and we mailed either a mathemiatics or science form of the teacher ac;ivity survey,
depending on the type of activitv attended.


On the basis of a careful effort to locate anid contact each nonresponsive
sampled teacher by telephone. we concluded that 1 /2 of the 1,255 sampled teac'hers
(or 11%U) were out of scope, because they had not attencded the sampled activities, or
thev could not be located, because the address provided by the Eisenhower coor-
dinator was in error and we were unable to obtain a current address. Of the remain-
ing 1,1. 13 potential respondents, we received completed surveys from 783. or just
over 7O%.


We checked whether teacher response rates differed by district: size and poverty.
as well as for teachers wlho received mathematics and science survevs, and for
teachers in high- and low-povertv schools, We did not find significant differences for
any of these factors


Sample Design and Response Rates for SAHE Grantee Project Director
Interviews and Teacher Activity Survey


Designinrg the samnle. In most respects, the approach we useci in sampling
institutions of higher education/'not-f'or-profit organizations (l1IE NPO) paralleled
the process for districts. The primary difference in ottr sampling plans for IHE./NPOs
and districts is that for l11E/NPOs, we could not tise the number of teachers as a hasis
for selection. because II IE/ NPOs are not staffed withi teaciers. as are school districts,
and because information on the number of participants is not available on the full
population of IHE,'N\POs receiving Fisenhover funCs. Hence, we sampled IIIE'-NPOs
based on the size of the Eisenhower award each received, in clollars per year. The
correlation betw.een grant size and number of teachers is .6.


For purposes of the sarmpling plan, we defined the population of IIlE/'NPOs as
all institutions with an Eisenhower grant covering at least: part of the 1997--199'4
school year. and offering at least one Eisenhowver-assisted activity during the periocd
from July I througlh December 31, 1997. To construct a sampling frame of the
1HE'NPOs thlat: received funds for the 1997--1998 school year, we contacted the 50
SAHE Eisenhows er coordjnators andc askecl thctn to prosviCle a list of all tHE i,N,pOs thlat
had been awarded grants. along with information on the size of each grant' and the
grant period, in months. All states provixed appropriate information.


S'cr ee ning IHIPs nd schea7uling lnter,iews. We sought a completed sample
size of lOt) I-E/'NIOs. O<nce the initial sample was drawn, we contacted each
sarmpled institution to request participation in the evaluation. As part of the screening
process, we determined whether eacli sampled institution had oflered Eisenhower-
assisted activities during the period from July 1 through December 31, 1999. Institu-
tions that did not or that declined to participate were replaced witlh randomly drawn
institutions of similar grant sizc.


Response ratesfor!HF-APOs. We contacted 120 institutions; of these, 12 did n1ot
conduct activities in the relevant period and two did not receive Eisenhower funds
over the relevant period, although they were included on the list of funded projects
provided by their state. T'hus, these 14i institutions did not meet the conditions to be
included in our samnple, and we considered them out of scope. We replaced each
out-of-scope SAHE grantee with a randomly drawvrn SAHE grantee with similar annual
dollar grant amount. Of the remaining 106 institutions, 92 completed interviews,
producing an overali response rate of 87'/,


Sampling activities and teachers As we did in each sanmpled district, we asked
each sampled IHE/NPOs to provide a complete list of Eisenhower-assisted activities
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tihiat the institution had offered over th)e period fronm uily I throuigh Decemmber 31,
1997. and, from these lists, we selected activities to be incklded in ouur sample W'e
had intenciet to foltov the pian we used for districts, and sample two. activities per
SAl IF grantee. But as we began to recetve activity lists from the 11TII'.NPOs. we
lecarnmd that n yariv 1IE-E NPO)A)s in our saipie offeredt jUst one activity over the relevant
period, and roost thiat offered more than one acttvit offeredc a rel3tively sn-all num-
ber. hllus, to maintain the ov erail desired sarmiple size for activities of about two per
district, e v decided to sample ahi activities offerecd by the samipled 1f 1El- NPOs Then,
as we dlid in otir clistrict data collection, we obtained the names of 2 randonimy-
selected teachers lwho attencded each activity. We were able to obtain Icacher riami,
for 81 £FE1KNPC)s or 8t2' of the If IE:NPOs in vwlhichi w-e conducted intervievs,


Rkevtxanse rautesfor tecsherDs. Al!ogether. we obtained the niames of 33 te- chers.
O£ these, w-e exCitLided 27 filromt the samnpling frame because thiey reported that they
didl nott attend tlhe! sampleCt actvitviy or because wxe could !ttO obtain a. correct address.
Of the reinai-ning 3t7 telachers, wVe obta ined completect responses from 2-i-i, or 8it i


Notes


The research reported hiere wvas conducted under Cointrac EA9OQ1100] wvith thie
U,nited States Department ot Education. Planning and Evaluation Sen-ice. We gratefultv
acknowNvledge Elizabeth Eisner (our project oifficert ALan Ginsburg (Director of the Plan-
ninig and [vitv lIation Sc i-ic-; and Ricks Takai DI Dvision )mrc-ctory. for their important
ctntributions tf1 tile contepntuaiiation and: clesigr of ttwe Studv 'lhe views expresseci here
are those of the .authors. No o'fi5 mm' endlicrsentent hs tnie UIS. i)epart;ein of Educastion is
intended or ;tiould be mnterred


ESee Richard'so'ln and Pi-cier t 2001; for a comprehensive rreve of the literature on
tear her teaming and proffessionnat deve lrIpuient,


'See, fr example. Cohen C Odt) for a recent intensivc c ase study of change in
mathemnatics readhing; Carex and Frec tling 1 99Th for an eva}luation of exernpiars pro-
teMlt.s al Cepe Žptnint :mprov ra;hs in steine and i l'S. i)epartxnmnt of Edtucario,un . 3909)
fofr a naroxn-ai sun-ey 'of teachers fcuse onteache; preparation and qualificationps.


n*e to example Fennemaiet as. C 19%.uan experimrenrta, study examninng the
e ffects olf Cogriitiv elv G uided Irrs{rm'crmon, an interven2tion ini etfementan+ sdileOot meathemani t-
ids: Wilson and Ball }1991). an intensive ease study of two teachers wh p $rtcipat*ed in the
SummerT Math program: and Cohen ancd 111il: (1998). which descbes the relatlofnshipl
between participation in profkessl?td developnmenr. teaching pr-asc"tee 'and student
achieveent,e, using survey data from Calif6ria . See Kennedy 1899)tfbrt a review, otf
available raninoized studies examining the effets cSi tea cher nroe'ssionait dc elvpmerni
on studtent achievement in matrematics and sciJence See Shields, Mlarsh. and Adelman


S,099i for a recent examiEnation of: £the effects of the National Science Foundaition (NSF),'
State Sx-stemic Initiatives tSsts on lassrcomon praictice in mathfelmsatics ane science; anid
N ciN-. \IontgImnterv, Ridtgway. ant [Bond ' 1)981 for arn extrnination ot the effects Ocf the
NSr LUk-at S'stemiChange (IJSe' initiatives,


iKennedv 1998'f and Coshen and Hill 1998) are among the fewc examples tonf studies
ttat compare the reiative effectiveness of different fornms o(f professionat' development,
Both studies corinlude thaut professional deveimopment focused on the teaching and iearn-
ing of specific mathem;atics and scie'nce cmntent is more effectixe than More general
profetssitonal dexetopnent.


'See Garet et at,. .999t for a mnore detailed discurission cif the Eisenhowver program
atnd the results csf the evaluatio,n


'The correlation berss een grant size andE numbe, of tea,hers serxed is 6.
See Appenrtix for a more complete c3iscussiin of the sampling plan.
Thet caitegories dra- in part on LEiucks-Horsirs. -I texson. Ls3se. anci Siles i 1998 i.
'tihe survey indcluded a fin-ial categos-., "other org;tnized forms of professional de-


velopment -- and asked thei teacher to descrite the form. We reclassifiect all respiinses intt)
Colt of tthe 10 frnti' listed.,
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'0Teachers who completed thetr surveys before the end of the 1997--1998 school year
were asked to estinmate the number of acdditional hours the activity wouid last during the
remaining mi)nths of the school year.


'ITeacliers were also given tihe following options: teachers as individuals, teachers as
representatives of their departments, grade level, or schools, ancl other configurations.
Teachers couldl check all that applied.


12Not all professional development is focused on knowledge and skills. Someactivi-
ties are designed to increase teachers' awareness of new practices rather than to increase
knowledge and skilis: others are designed to build or renew teachers motivation and
commitment to teaching, without necessarily changing teaching practices.


13See Garet et al. (1999: for a discussion of these performance goals.
'W/e did not ask teachers about other aspects of content-focus: for cxample, the


extent to wlhich the activity emphasized how students learn specific contemt or the extent
to which it focused on methods of teaching specific content. Items on these aspects of
content foicus atre included in a separate comriponent of the Eisenhvower study. see Porter
et al. (2000).


'5With few exceptions, we found few systematic differences in Eisenhower profes-
sional developmuent experiences for teachers in different types of schools or with different


characteristics. One teacher characteristic that has a consistent effect is grade level taught.


Teachers in seconclary schools tend to report participating in activities with) less positive


quality (for example, fvewer opportunities for active learning and less change in teaching


practice). See Table 1.
i6For the larger evaliation of the Eisenhower Professional Development Program. we


were interested in tnderstanding the differences between activities supported by the


district component of the program, and those offered by the SAHE component of the


program.
5
7See Garet et al. (1999) for more details on the measures.
'5 The significance tests are cormputed according to the assumptions of conventional


simple random sampling. These tests do not take into account the fact that the sample is


stratified by poverty, the teacher weights vary to some extent across districts, and the


reports of teachers who attended the same activities or activities in the same district are not


independent. We reran the analyses incorporating thtese factors, and the significance test


results were nearly identical to those reportecd here.
39When enhancements in knowledge and skills is controlled. content focus has a


negative association with changes in classroom practice. We suspect that this result is


probably spurious, resulting from the large numsber of independent variables includced in


the model prcdicting change in teaching practice. (The mocdel for change in teaching


practice includes all of' the structural and core features of professional development, as


well as all control variables.) We estimated a model predicting change in teaching practice.


but omitted knowledge and skills as an interveninig variable, and, in that model, content


focus has a positive effect.
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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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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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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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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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LESSONS LEARNED AND THE NEED 
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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. 
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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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FINDING COMMON GROUND 
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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. 


Page 19 







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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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. 


Page 24 







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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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.
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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)
 







EMPIRICAL EDUCATION REPORTS 3


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. 
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• 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. 
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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. 







18 EMPIRICAL EDUCATION REPORTS


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 
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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. 
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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. 
 


St
ro


ng
ly


 
D


is
ag


re
e 


D
is


ag
re


e 


U
nc


er
ta


in
 


A
gr


ee
 


St
ro


ng
ly


 
A


gr
ee


 


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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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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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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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 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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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


AMATYC, page 3






