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the Panel sought to address all the elements in 

improve mathematics education in the elementary 
and middle school, based on the best available 

study in mathematics.  

education in this country to help readers 
understand why the Panel was appointed and 
charged with this task. Section II provides 

mathematics.  

mathematics curricula, instruction, and large-
scale assessment, together with their relevance 

strengthen current K-12 standards in mathematics.  
Section III concludes with suggestions to our state 

mathematics achievement by Massachusetts high 
school students.

regulations on educator preparation, licensure, 

that will strengthen the academic preparation 

schools.  

State, drawing on my own research on licensure 

skills are unimportant or that students need 
only mathematically knowledgeable teachers in 

underscore that mathematically competent 
teachers are needed in every mathematics 
classroom. 

I. A Brief History of Mathematics 
Education in the United States

educational history at which such a panel was 

nationally during World War II, a time when 

education in the sciences and engineering. In 
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universities to develop what became known as 

Mathematics was being used by over 400,000 
secondary students throughout the country. 

it, it led to important changes in the high school 

into calculus. 

high school curriculum. 

education, issued Curriculum and Evaluation 

Standards for School Mathematics 

to provide national standards in a subject area. 

in ways that might better engage student interest 

soon led to concerns about a stress on pedagogy 
over mathematical substance. A major criticism 
was that these curriculum and evaluation standards 
were teaching, not learning, standards. Prominent 
mathematicians began to voice objections to the 
stress on calculator use in the early grades,1 the 
over-emphasis on student-developed algorithms 

emphasis at the high school level on computation 

lacking in mathematical integrity. They also noted 

2 

Principles and 

Standards for School Mathematics

document and claimed that it sought to address 



How to Strengthen K-12 Mathematics Education in Massachusetts

4

and others. Moreover, a petition with the names 

him to publicly withdraw the United States 

mathematics curricula conducted by the United 

Despite mounting criticisms by mathematicians, 
scientists, and mathematically literate parents, 
whose comments were and are easily accessible 

communications on issues in mathematics 
education, the media regularly portrayed these 
criticisms incorrectly. The debates were (and 

educators who wanted a “conceptual approach 
in which students discover algorithms on their 
own, investigate mathematical relationships, 

materials strongly support an approach 
to mathematics that develops conceptual 

mathematics in the early grades that prepared 

mathematics courses in high school that would 

courses using mathematics or in mathematics, or 

understood.

II. School Algebra: A Brief Description3

Although algebra has roots in ancient Babylonia 

symbols representing numbers not necessarily 

today, the earliest algebra was designed to 

number system to split and recombine terms 
in ways conducive to the result. Algebra is the 

properties.  

To state these properties succinctly and easily 

the particular numbers one might be interested 

numbers (e.g., x, y

anything in advanced mathematics and science.

ideas present to the mind, the symbols are just 
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symbols. It is thus only partly correct to call 

algebra and arithmetic. 

high. This is not algebra, but implicit in the 

a, b, and c
real numbers, then a (b/c ac/b

real number system.  

All students can and should learn what the 

common number systems that we use daily, 

them to describe common physical situations 

more advanced mathematics.

III. The K-12 Mathematics Curriculum: 
Standards, Instruction, and Assessment

educators and others, began to develop K-12 

Curriculum and Evaluation Standards 

for School Mathematics , the standards in the 

 

educators and others to revise and strengthen 

its educator licensure regulations at the same 
time in order to incorporate, among other things, 
the K-12 standards that had been developed 

grade 4 and grade 8 mathematics tests given 
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low-income students in the state. But despite 
dramatic gains in mathematics in the past seven 
years, the continuing gap between low-income 
and other students highlights the importance 

gap-closing. But, when the mathematics scores 

the scores of low-income students in the other 

states,

th

analysis. As the others have risen, so have the 

income students is worse than those in other 

than those in other states. All students need 
to continue to increase their achievement in 

income students, who need to learn mathematics 

are several general points that the Panel made in 
its report that I wish to highlight.

traditionally been taught in Algebra I and 
Algebra II courses.

students.

and international curricula and should guide 
classroom curricula, mathematics instruction, 

misguided. 
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III.A.   How to Strengthen the 
Massachusetts K-12 Mathematics 
Standards

1.

whole numbers, fractions, and particular aspects 

of geometry and measurement.  The Panel 

be avoided.  This recommendation should be 

mathematics standards.

2.
in the primary grades 

on basic arithmetic concepts and procedures 
as do the curricula in the highest-achieving 
countries on the Trends in International 

standards.

3.
standards must show logical progressions

grade to grade. This recommendation should 

mathematics standards.  

4.

rigorous and focused to enable 
students who have achieved them to enroll 
in an authentic Algebra I 

standards.

they are enrolled in an Algebra I course or in 

and may be a major factor accounting for the 

state’s lead on the mathematics tests given by 

to increase this percentage so long as they also 

Algebra Geometry

Table 1: Percent of Grade 8 Students in 
Massachusetts Taking Algebra or Geometry 
(2001 to 2007)
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5.
integrated approaches at the high school level 

advanced mathematics course work in their 
senior year than a single-subject approach, 

enables students to take an Algebra II course in 
their sophomore year.   

This possibility, which was based on an analysis 

take calculus in grade 12, most students would 
need to take what they called an honors level 

4   

III.B.   How to Strengthen Mathematics 
Instruction in Massachusetts

It is important to note that the Panel did not 

practices currently promoted in mathematics 

recommendation to teachers and teacher training 

approach to instruction. As its report states, 

accomplished classroom teachers. The report 
research 

does not support either a wholly student-

centered approach or a wholly teacher-directed 

approach to mathematics learning.   

1.

and use these competencies to solve problems.  

standards.

2.  The Panel recommends that students with 
learning disabilities and other learning problems 

systematic instruction

3.  The Panel also recommends regular use 
formative assessment (ongoing monitoring 

their teachers have additional guidance on using 

instruction.  

4. mathematically 

advanced students can learn mathematics much 

curriculum at a normal pace, with no harm to 
their learning, and thus recommends that they 
should be allowed to do so.

5.
small group work and the use of problems 

contextualized in daily life may produce gains 
in mathematics achievement, the evidence 

conditions, at certain grade levels, and in certain 

implication is that instructional practices should 

6.
calculators.  

To the degree that they impede the development 

that calculator use has limited or no impact on 
conceptual development, calculation skills, and 
problem solving. Moreover, this research is very 
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K-12 mathematics standards.

7.

mathematics textbooks

compact and coherent

8.  Although most teacher educators and 

Differentiated 

Instruction 

research on it at all.

III.C.   How to Strengthen the State’s 
K-12 Assessments

other relevant studies resulted in two important 

1. constructed-

response format, especially the short answer 

mathematical competency (or more authentic 

implies that state assessments in mathematics 

enormous savings in cost, speed in the delivery 

in scores.  

2.   The Panel noted that the prominence given 
patterns in PreK-8 is not supported either 

mathematical considerations. It recommends 

constructing state and other K-12 assessments.

3.

to take an authentic Algebra I course in Grade 

8

to prepared students at any secondary grade 

make an alternative assessment available to 
prepared students at the secondary grades and be 
consistent with a growing trend in other states to 

and Algebra II.

III.D.   How to Increase Opportunities for 
Student Support and Challenge

1. 
regional mathematics and science high 

schools throughout the state, open to students 

discretion by teachers who have passed the 

not have to be enrolled in or have completed 
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2. 
technical career high schools, with 

updated mathematics and science programs, 

occupations. These schools should be allowed 

programs.

3. 
evaluate a transition year

below grade level in reading, mathematics, and 

intensive program that enables these students 

continuing on to middle school and regular 
courses there.

4. 
evaluate a mathematics class

for low-

performing students 

IV.   Preparation, Licensure, and 
Professional Development for Teachers 
of Mathematics 

is that teachers’ knowledge of mathematics is 

related to student achievement in mathematics.   

does not necessarily mean that mathematical 

currently conceived and practiced across the 

traditional and alternative routes or pathways 
to licensure with respect to their relationship 
to student achievement.   

 

achievement.

licensure tests 

who teach mathematics, as generalists or as 

the mathematics assessed, and in some cases 
assess no mathematics content at all. 

undergraduate mathematics coursework 

taken by high school mathematics teachers 

undergraduate mathematics coursework taken 
by elementary and middle school teachers 

suggesting that these teachers may not have 
taken appropriate mathematics coursework in 
their undergraduate programs.  

professional development in mathematics on 

in mathematics.  Mathematics coaches 
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is no evidence that those who now work as 
mathematics coaches are mathematically 

that mathematically knowledgeable coaches 

whether mathematically knowledgeable 
coaches do help to improve student 
achievement.

IV.A.   How to Strengthen Preparation 
Programs and Licensure Tests for 
Teachers of Mathematics in K-7

1.
mathematics coursework

elementary and middle school teachers should 
be strengthened. This recommendation has 

test, mathematics coursework may well be 

to use in strengthening their mathematics 

develop similar guidelines for middle school 

mathematics teachers. But we currently have 

mathematics courses now taken by prospective 
 

2.

early childhood teachers, including all special 

an independent analysis by a mathematician 

pre-service licensure programs and tests 
to determine how well their coursework 

recommendation and the new state guidelines.  

3. 

elementary teachers, including elementary-

Algebra and those topics typically covered in an 
introductory Algebra I course.

4.  Teacher preparation programs and licensure 
middle school teachers, including 

middle school special education teachers, 

IV.B.   How to Restructure Preparation 
Programs for Teachers of Mathematics 
in Grades 5-12

between conventional or traditional teacher 
preparation programs and student achievement.  

alternative 

structures for teacher preparation that could 

increase student achievement. Below are 

teacher licensure tests when I served as senior 

ideas that I have elaborated in published essays 
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1.

in licensure programs administered by 
 at both 

the undergraduate and graduate level

undergraduates planning to become mathematics 
teachers, 
based seminars linked to student teaching, 

the senior year.  

seeking to become mathematics teachers in 

be a post-baccalaureate non-degree program 

program. This preparation should include 
an apprenticeship in the schools as well as 
authentic mathematics coursework addressing 
the grade levels they seek to teach.   

While prospective high school teachers could be 

2.  Undergraduate education courses should not 

be counted toward an undergraduate or graduate 

no evidence that education coursework taken in 
teacher preparation programs helps to improve 
student achievement in mathematics (i.e., no 

3.  MAT programs in mathematics should be 
approved

order to keep mathematics content at the center 

as our own K-12 standards in mathematics 

4.   

a MAT program. Their home base should be the 

meetings, they could report on the teaching or 
learning problems in that subject they encounter 

then help prospective teachers work out content-
relevant ways to address these problems through 
curriculum or through pedagogy. 

5. 
full-time elementary mathematics teachers 

economical than mathematics coaches, which 

student achievement.  

need to give all elementary teachers continuous 

mathematics teachers. Some elementary 
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6.  All pedagogical training should take place in 

the classroom, together with concurrent seminars 

site. Student teachers should be evaluated by the 
cooperating teacher (who has demonstrated an 

the principal or subject area supervisor, and 

Recommendations for licensure would be 

the mathematics department and the school in 
which the student teacher apprenticed to assure 
joint accountability. 

7. 

mathematics departments, a standard evaluation 

form developed jointly by the licensing agency, 
mathematicians, and mathematics educators 

mathematics department at an accredited college 
or university.

IV.C.   How to Restructure Preparation 
Programs for PreK-3 Teachers 

We should consider training prospective 
PreK-3 in this country in three-year 

pedagogical institutes

kindergarten teachers, in particular, to complete 

secondary education program in order to teach 

should be academically competent high school 
graduates, as they are in other countries. In such 

on beginning reading, writing, and arithmetic 
pedagogy, and these prospective teachers would 
have to pass two academically demanding 

current undergraduate education schools could 

be restructured as three-year pedagogical 

institutes

in their 
accountability precisely where it belongs and 

IV.D.   How to Strengthen Technology 
Education in Teacher Preparation 
Programs

1.  All mathematics and science education 

comprehensive calculator-training program 

methods courses provide models and training 

elementary mathematics, new teachers will not 

calculator use appropriately. Many teachers 
misuse them, according to testimony to the 

Instruments.

2. 
and special education teacher licensure programs 
should show prospective teachers how to use 

technology appropriately in their teaching.  

providing this teaching to prospective teachers.  

IV.E.   Reform of Full Licensure and 
Renewable Contracts

1.

recommendation by a school supervisor—a 
process similar to the one used in British 
schools. 
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2.  Mentor programs

schools. Those chosen to be mentors should be 

an advanced test in the subject, such as the 
licensure tests in mathematics developed by the 

3.

two authentic courses in mathematics for every 

school district should determine what other 

4.   All directors or supervisors of curriculum 

and instruction, coaches, and specialists 

in mathematics

IV.F.   Licensure Reform

1.
licensure process-what is now called the 
Professional license-should be eliminated, and 

2.   Aspiring secondary mathematics (and 

opportunity to receive a provisional license 

they pass a demanding licensure test and the 

check, a school administrator is willing to 
hire them, and the school district can provide 

hire provisional teachers in these areas. As 

little pedagogical training but strong academic 

teacher is regularly evaluated by a subject matter 
supervisor as well as the high school principal, 
and receives positive evaluations over a three-

References 
 

The Massachusetts math wars. Prospects

 

Beyond 

the Basics: Achieving a Liberal Education for All Children, 

 

Education Working Paper Archive

National Association of State Boards of Education 

(NASBE) Newsletter

Stotsky, Sandra. “Why American Students 

Third 

Education Group Review

 

Stotsky, Sandra. “Who Should Be Accountable 
Journal 

of Teacher Education, 

sagepub.com  and 



Pioneer Institute for Public Policy Research

15

Endnotes
1

Educational 

Studies in Mathematics

 

2 
American K-12 mathematics education in the 20th

Mathematical Cognition

 

 

4 

March 2000.

 A report to be released on June 26, 2008, by the 
No Common 

Denominator: The Preparation of Elementary Teachers 

in Mathematics by America’s Education Schools, by Julie 

on the topics covered in the elementary mathematics 

education teachers in Massachusetts.

20th Public Conference 

Journal

20th Public Conference Journal 

CommonWealth

m 

 

Third Education Group 

Review

 or   

Brookings Papers On Education Policy, 

 Academic Questions  

Studies on Education.  

Estudios

m  

Studies on Education (ESE

Estudios sobre educacion),

 

Foundations of Success: The Final Report of the National 

Mathematics Advisory Panel.  l 

Teach for America in 



85 Devonshire Street, 8th Floor, Boston, MA 02109  |  T: 617.723.2277  F: 617.723.1880  |  www.pioneerinstitute.org


