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AN INVESTIGATION OF THE IMPACT ON STUDENT ACHIEVEMENT OF THE 
MOBILE MATH INITIATIVE IN THREE HIGH POVERTY SCHOOLS IN A 

SINGLE SCHOOL DISTRICT 

JEANNE D. PAYNE 

EDUCATION LEADERSHIP 

ABSTRACT 

Teachers must increase effectiveness of teaching to prepare quantitatively literate 

students.  The study’s purpose was to determine the effectiveness of the Mobile Math Ini-

tiative (MMI) in three high poverty schools.  Changes in achievement of 89 students over 

3 years were examined using the Stanford 10 (SAT 10) Procedures and Problem Solving 

subtests and the Alabama Reading and Mathematics Test (ARMT) Math subtest.  Inde-

pendent variables were (a) ethnic background, (b) gender, (c) socioeconomic status, (d) 

level of English proficiency, (e) level of special education needed, and (f) school student 

attended.  Data were analyzed with the SPSS (Version 15.0) software using factorial 

ANOVA with repeated measures.  

For the SAT 10 Procedures subtest, the null hypothesis of no significant interac-

tion for school was rejected (F = 7.78, df = 4, p < .001).  There was also significant inter-

action between scores and testing occasions (F = 25.57, df = 2, p < .001).  For SAT 10 

Problem Solving subtest scores, the null hypothesis of no significant interaction for 

school was rejected (F = 3.35, df = 4, p = .011).  There was also significant interaction 

between scores and testing occasions (F = 11.18, df = 2, p < .001).  For the ARMT Math 

subtest, the null hypothesis of no significant interaction for school was rejected (F = 3.43, 

df = 2, p = .037).  For all subtests, independent t tests were only significant for special 

education.   Paired t tests comparing mean NCE scores for the SAT 10 Procedures subtest 

for each category of independent variable at baseline and final testing were significant for 
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all levels of all independent variables except White and special education students.  

Paired t tests comparing mean NCE scores for the SAT 10 Problem Solving subtest for 

each category of independent variable at baseline and final testing were significant for all 

levels of all independent variables except White, paid lunch, and special education stu-

dents.  Paired t tests comparing mean scale scores for the ARMT Math subtest for each 

category of independent variable between testing occasions were significant only for spe-

cial education students.  The researcher concluded that the MMI was effective in high 

poverty schools.  
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CHAPTER 1 

INTRODUCTION 

According to the No Child Left Behind (NCLB) Act (2001), all students are re-

quired to be proficient in mathematics by 2014.  Achieving this goal requires exploring 

the methods that teachers are currently using to teach mathematics and assessing whether 

these methods are increasing achievement for all students.  Because many researchers 

report that teacher quality is the most important factor in student achievement, high-

quality professional development for currently practicing teachers and preservice teachers 

becomes a key element in giving teachers the skills needed to bring all students to the 

proficiency level in mathematics (Darling-Hammond & Sykes, 1999).  

The American Institutes for Research (2006) reported that, in 2003, “20% of U.S. 

college students completing 4-year degrees—and 30% of students earning 2-year de-

grees—have only basic quantitative-literacy skills” (p. 1).  Quantitative literacy has been 

defined as the possession of the knowledge and skills required to perform real-world 

tasks such as completing an order form, balancing a checkbook, or figuring out how 

much interest would be due on a loan (White & McCloskey, 2005).  Steen (1999) pur-

ports that, when individuals think about what they are doing and understand why they are 

doing it, they are far more successful than those are who follow the rules without under-

standing.  When students learn to think logically and with understanding—requirements 

of quantitative literacy—they will be better prepared for a more productive life.  
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In addition, 58% of students in the 2006 graduating class who took the ACT as-

sessment received a score that indicated that they were not ready for college-level alge-

bra.  These data suggest that too many students are being left behind in terms of learning 

mathematical concepts and skills. The most plausible explanation is that there are gaps in 

the teaching and learning of mathematics in kindergarten through 12th grade and that 

these gaps are leaving many students unprepared for the next level of study (Fosnot & 

Dolk, 2001).  In the United States., a majority of students apparently do not have a deep 

understanding of mathematics, have not developed their capacity to think logically, and 

are unable to apply their knowledge of mathematics to real-life situations.  If teachers 

have not been taught the skills necessary for quantitative literacy, it is not likely that they 

can teach these skills without significant professional development. 

Smith (2001) has concluded that educators should not be content with minimal re-

form but must insist on a true overhaul in their thinking about mathematics.  Thompson 

and Zeuki (as cited in Darling-Hammond & Sykes, 1999) have suggested that the kind of 

learning that will be required of teachers should be described as transformative and will 

involve major changes in deeply held beliefs, knowledge, and habits of practice.  Learn-

ing cannot simply be the addition of new skills to the existing repertoire.  In 2003, the 

U.S. Department of Education sponsored the Secretary’s Summit on Mathematics.  At the 

summit, speaker Deborah Loewenberg Ball took the idea of professional development to 

a deeper level as it applies to both preservice and in-service teachers.  Ball (2003) stated 

that  

the quantity of teachers’ mathematics coursework will only improve the quality of 
mathematics teaching if teachers learn mathematics in ways that make a differ-
ence for the skill with which they are able to do their work.  The goal is to im-
prove students’ learning.  Teachers’ opportunities to learn must equip them with 
the mathematical knowledge to teach mathematics effectively.  (para. 3)  
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Ruth Parker (2005), CEO of the Mathematics Education Collaborative (MEC), 

stated that the goal of mathematics education is to enable students to be mathematically 

confident and competent.  She went on to say that mathematics confidence comes from 

“knowing that you understand mathematics and that you have the tenacity to make sense 

of information and situations that you encounter even when the problems are complex or 

messy” (Parker, para. 1).  These learning opportunities for teachers are central tenets of 

the Mobile Math Initiative (MMI), which offers teachers in Grades K-5 in-service train-

ing designed to transform their learning about mathematics.   It is anticipated that the 

specific professional development provided through the MMI will lead to effective teach-

ing practices that prepare students to be quantitatively literate citizens of the world.   

Findings from Leinwand (2000) suggest that a student’s mathematical problem-

solving ability is a reflection of the mathematical learning culture created by his or her 

teacher. When examining the methods that have been used to teach mathematics, re-

searchers have shown an apparent disconnect between procedural and conceptual mathe-

matics during the past 20 years (Leinwand).  Even after the establishment of state and 

national standards, the quality of mathematical knowledge possessed by students has 

changed only minimally since the National Council of Teachers of Mathematics (NCTM) 

standards were first introduced in 1989. According to the 2003 National Assessment of 

Education Progress (U.S. Department of Education, 2003), 31% of eighth-grade students 

still scored below the basic level in mathematics.   Many students follow the rules and 

carry out procedures that they do not understand; this approach makes it difficult for them 

to modify their skills to fit new situations.  
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When teaching methods in general are considered, it becomes apparent that there 

are some firmly embedded ideas in American culture about knowledge and learning.  One 

idea is that knowledge is fixed and that teachers transmit knowledge to pupils who store 

it and remember it.  As many as 300 years ago, 

most teaching proceeded as though learning was a passive process of assimilation.  
Students were expected to follow their teachers’ directions rigorously.  The study 
was to imitate: to copy a passage, to repeat a teacher’s words, or to memorize 
some sentence, dates, or numbers.  Students may have posed questions in infor-
mal discourse, and perhaps even embroidered the answers.  But school learning 
seems to have been a matter of imitative assimilation. (Cohen, 1989, pp. 42-43) 
 
In the American educational system, there has been a push toward basic skills and 

the computation and memorization of facts.  This push is a direct reflection of the ac-

countability required in the NCLB Act (2001).  There appears to be a lack of incentives 

to work on complex content or to delve into the looseness of an exploratory curriculum.  

“The pull toward neat, routinized instruction is very strong” (Ball, Lubienski & Mew-

born, 2001, p. 436).  Teachers often work in isolation, with a lack of sufficient time to 

collaborate with each other and a lack of time for support of teacher learning (Ball et al., 

2001).  

Reviews of the way mathematics is taught in the international arena have revealed 

that multiple methods are being used, with some methods resulting in higher levels of 

students’ mathematics knowledge.  Furthermore, some of these methods are leading to 

higher student achievement in mathematics.  In the Third International Mathematics and 

Science Study (TIMSS), a videotaped classroom study of 1994-1995 (Stigler & Hiebert, 

1997), eighth-grade classrooms from the United States and Japan were compared.  

Strategies used by U.S. teachers and teachers in Japan were dramatically different. Ac-

cording to the TIMSS report (Stigler & Hiebert, 1997), findings indicated that the pur-
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pose of Japanese lessons was to enhance students’ understanding of mathematical con-

cepts.  This approach is in contrast to the instructional methods typically used in U.S. 

classrooms.   In comparison with their Japanese counterparts, American teachers were 

reported as spending less time presenting new material and most of their time reviewing 

topics that had already been taught.  American teachers asked mostly yes/no questions 

about the work.  American students sat in rows and practiced mathematical problems that 

they had already been shown how to do.  Thus, students were not required to apply 

mathematics skills in novel situations. 

The following quotation provides a description of the teaching found in the 

TIMSS (Stigler & Hiebert, 1997) videotape: 

 The typical eighth-grade mathematics lesson in the U.S. is organized 
around two phases: an acquisition phase and an application phase. In the 
acquisition phase, the teacher demonstrates or leads a discussion on how 
to solve a sample problem.  The aim is to clarify the steps in the procedure 
so that students will be able to execute the same procedure on their own.  
Students in the application phase practice using the procedure by solving 
problems similar to the sample problem.  (p. 18) 
 
Analysis of the videotape provided some powerful insights.  In the videotape, 

78% of the topics or concepts taught were not fully developed by the American teachers, 

who presented procedures rather than concepts.  In 96% of the case studies, students were 

engaged in seat work; they practiced procedures.  Only 1% of the students were doing 

more in-depth mathematics thinking such as analyzing new problems or developing al-

ternative solutions.   Notable in their absence were several strategies for teaching mathe-

matics that provided opportunities to (a) solve challenging problems, (b) reason mathe-

matically, and (c) communicate with intent to justify (Stigler & Hiebert, 1999). 

According to results of research by Liping Ma (1999), Chinese students regularly 

outperform U.S. students on international assessments of mathematics competency, yet 
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Chinese teachers have been described as having less mathematics training than U.S. 

teachers do.  Chinese teachers have 11 or 12 years of formal education, whereas U.S. 

teachers have 16 to 18 years of school before they are certified to teach. Ma contends that 

this paradox occurs because Chinese teachers have a much deeper understanding of ele-

mentary mathematical concepts than their U.S. counterparts do. This disparity seems to 

suggest differences in preservice education, as well.  

What is the current status of mathematics instruction?  A good source of informa-

tion is the 2003 version of the NAEP (U.S. Department of Education, 2003).  In this 

study of high school seniors who took the test, 63% could not figure out a simple multi-

plication problem in which calculation of the amount of postage was needed for a pack-

age of a given weight.  Even with the use of a calculator, 88% of seniors taking the 2003 

NAEP (U.S. Department of Education, 2003) could not calculate the interest that they 

would earn on a savings account. If students cannot do these tasks, one can only assume 

that they did not receive adequate instruction from the teachers who facilitated this in-

structional program. 

 

Statement of the Problem 

The U.S. educational system has repeatedly implemented reform efforts in the 

teaching of mathematics, with very little change in classroom performance (Leinwand, 

2000). According to analysis and conclusions from the TIMSS video study (Stigler & 

Hiebert, 1997), U.S. teachers often use traditional teaching methods to show students 

what to do, and the teachers do not develop specific mathematics concepts to foster a 

deeper level of understanding.  Problems assigned for practice are similar to the worked 

examples (Stigler & Hiebert, 1999).  The problem that faces the United States is as fol-
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lows:  How can U.S. preservice and in-service teachers make dramatic and fundamental 

changes in classroom practice that lead to students’ acquiring a deeper understanding of 

mathematics and improving their achievement in mathematics? 

Improving mathematical achievement involves changing both the instructional 

practices of teachers and the learning environment for students.  According to the NCTM 

standards (NCTM, 2000), “mathematical expertise is found not only in factual knowl-

edge, but also in the strategic decisions the student makes while solving problems and in 

their ability to communicate ideas about the problems with others” (Hiebert, 2003, p. 13).   

   

Purpose of the Study 

The purpose of the study was to determine the effectiveness of one professional 

development intervention, the MMI, as implemented in three high poverty (or low-

socioeconomic) schools in a single school district.  Changes in student achievement over 

a 3-year period were examined by using NCE (normal curve equivalency) scores from 

the SAT 10 Procedures and Problem Solving subtests and scale scores from the ARMT 

Math subtest.  The independent variables used in the study were (a) ethnic background, 

(b) gender, (c) socioeconomic status, (d) level of English proficiency, (e) level of special 

education needed, and (f) school student attended. 

 

Null Hypotheses 

 The following null hypotheses were used in the present study: 

1.  There will be no significant interaction in mathematics achievement as meas-

ured by NCE scores on the Procedures subtest of the SAT 10 over a 3-year pe-

riod for students in three high poverty schools in a single school system whose 
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teachers had participated in the MMI.  The independent variables examined 

were (a) ethnic background, (b) gender, (c) socioeconomic status, (d) level of 

English proficiency, (e) level of special education needed, and (f) school stu-

dent attended. 

2.  There will be no significant interaction in mathematics achievement as meas-

ured by NCE scores on the Problem Solving subtest of the SAT 10 over a 3-

year period for students in three high poverty schools in a single school sys-

tem whose teachers had participated in the MMI.  The independent variables 

examined were (a) ethnic background, (b) gender, (c) socioeconomic status, 

(d) level of English proficiency, (e) level of special education needed, and (f) 

school student attended. 

3.  There will be no significant interaction in mathematics achievement as meas-

ured by scale scores on the ARMT Math subtest over a 2-year period for stu-

dents in three high poverty schools from a single school system whose teach-

ers participated in the MMI. The independent variables examined were (a) 

ethnic background, (b) gender, (c) socioeconomic status, (d) level of English 

proficiency, (e) level of special education needed, and (f) school student at-

tended. 

 

Significance of the Study 

            Although many professional development programs have been formulated in an 

attempt to improve mathematics skills of high poverty students, these studies have re-

sulted in equivocal findings regarding success of these reform initiatives.  Because the 

MMI has been demonstrated to be successful in improving student achievement of this 
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targeted group, this study tested the effectiveness of the MMI in an additional location 

with a similar group of students (Van Hanegan, Pruet, & Bamberger, 2004). 

It is anticipated that findings from this study will be useful to teachers, principals, 

curriculum specialists, mathematics specialists, professional development coordinators, 

and superintendents in the selection and implementation of nontraditional programs for 

teaching mathematics.   If the MMI provides instruction that improves learning outcomes 

for these students, then other school systems may want to use a similar method for teach-

ing mathematics that is evidence based in multiple settings.  

 

Definition of Terms 

ARMT is the Alabama Reading and Mathematics Test, which is based on the Ala-

bama State Courses of Study and is a criterion-referenced test.  The first full administra-

tion of this test was in spring 2005. 

Constructivist learning is “an approach to teaching that gives learners the oppor-

tunity for concrete, contextually meaningful experience through which they can search 

for patterns, raise their own questions, and construct their own models, concepts, and 

strategies” (Fosnot, 1996, p. ix).  The goal of constructivism in mathematics is to encour-

age students to invent various methods of problem solving and to make sense of the an-

swers (Kamii, 1989).   

Independent variables are variables that are thought to influence, affect, or cause 

outcomes (Creswell, 2003).  The present study uses six independent variables:  (a) ethnic-

ity, (b) gender, (c) socioeconomic status, (d) level of English proficiency, (e) level of 

special education needed, and (f) school student attended.  Definitions for the independ-

ent variables used in the study are as follow:  Ethnicity is a grouping of people based on 
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national origin (Gollnick & Chinn, 2002).  Gender refers to the status of an individual as 

male or female and related issues (The Diversity Connection, n.d).  According to the U.S. 

Bureau of the Census (as cited in Gollnick & Chinn), socioeconomic status is a criterion 

that measures an individual’s economic condition.  Individuals with limited English pro-

ficiency (LEP) are ones who are “non-English speakers or English language learners” 

(Gollnick & Chinn, p. 259).  Level of special education refers to the need for “specially 

designed instruction, at no cost to parents, to meet the unique needs of a child with a dis-

ability” (U.S. Department of Education, n.d., para. 1). 

Manipulative is a wide variety of physical materials and supplies that students use 

to foster the learning of abstract ideas in math.  Examples include tools, models, blocks, 

tiles, and other objects (Catholic School Department, n.d.).  

Mobile Math Initiative (MMI) is a year-round intensive mathematics professional 

development program for teachers and administrators.  It operates on the premise that 

teacher quality directly impacts student achievement. The MMI follows the recommenda-

tions set forth by the NCTM (2000) Principles and Standards for School Mathematics. 

National Assessment of Education Progress (NAEP; U.S. Department of Educa-

tion, 2003) is an assessment of American students’ knowledge and ability in Grades 4, 8 

and 12 that is made on a continuing basis.  NAEP, often called “The Nation’s Report 

Card,” has been administered regularly since 1969. 

National Center for Education Statistics (NCES) is mandated by the U.S. Con-

gress to  

collect, collate, analyze, and report full and complete statistics on the condition of 
education in the United States and other Nations; conduct and publish reports and 
specialized analyses of the meaning and significance of such statistics; and assist 
state and local educational agencies in improving their statistical systems. (U.S. 
Department of Education, 1998, para. 6)  
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No Child Left Behind (NCLB) Legislation is the NCLB Act of 2001.  This legisla-

tion  

is the reauthorization of a number of federal programs that strive to improve the 
performance of America’s primary and secondary schools by increasing the stan-
dards of accountability for states, school districts, and schools, as well as provid-
ing parents more flexibility in choosing which schools their children will attend. 
(NCLB Act, p. 1)  
 
PISA, the Program for International Student Assessment, was first implemented in 

2000 by the Organization for Economic Cooperation and Development (OECD; 2003), 

an intergovernmental organization that is made of industrialized countries.  In PISA 

2003, mathematics literacy and problem solving were the areas in which data were gath-

ered. 

Principals and Standards for School Mathematics is a 2000 publication by the 

NCTM that provided guidelines calling for “all students to engage in more challenging 

mathematics” (p. 1).   

Developmental education class (college) is a course that focuses on acquiring 

knowledge at precollege levels.  These courses do not carry college credit (State Univer-

sity of New York, 1999).   

Staff development is professional development that focuses on attitudes, skills and 

knowledge that teachers and administrators, as well as other school employees, need to 

be able to teach in such as way that all students can learn and achieve at high levels.  Ef-

fective staff development includes training programs that are ongoing and of high quality 

with the provision for support and follow up (National Staff Development Council, 2001) 

TIMSS 1995 is the Third International Mathematics and Science Study, a video 

study that documented typical teaching in Germany, Japan, and the United States.  The 
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video captured classroom processes used by national samples of eighth-grade mathemat-

ics teachers. 

TIMSS-R 1999 is the Third International Mathematics and Science Study that ex-

panded the first study by extending the video study to include typical teaching in the      

United States, Australia, the Czech Republic, Hong Kong, Japan, the Netherlands, and 

Switzerland. 

  

Assumptions 

This study involved several assumptions.  These assumptions are as follows:  (a) 

The National Mathematics Standards and the Alabama Mathematics Course of Study are 

valid guides for math instruction, (b) teachers trained in the use of the MMI are imple-

menting MMI strategies daily in their classrooms as prescribed in the professional devel-

opment section of the initiative, and (c) students who took the assessments demonstrated 

their best efforts. 

 

Limitations 

A limitation of the study was found with the ARMT Math subtest scores.  This 

test is not administered in the second grade of any school; therefore, it was impossible to 

gather baseline data before these students entered the third grade.  At that point, teachers 

had already been trained in the MMI, and this training further prevented the collecting of 

baseline data.  Because baseline data were unobtainable for the ARMT Math subtest, it is 

not possible to detect the initial response of students to the first year of intervention.   
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Organization of the Study 

Information about this study is reported in five chapters. Chapter 1 provides an in-

troduction to the study, a statement of the problem, the significance of the problem, the 

purpose of the study, the research questions, the definitions of operational terms, the limi-

tations faced in the research, and the assumptions.  Chapter 2 is a review of the literature 

and includes national and international studies, U.S. efforts to improve mathematics 

achievement, exemplary and promising mathematics programs, and an overview of the 

MMI. Chapter 3 describes the methodological framework and procedures utilized in the 

study, including philosophical assumptions, design elements, data collection, data analy-

sis, and ethical considerations.  Methods of data collection are organized by topics.  

Chapter 4 reveals the findings of the research and includes the presentation and analysis 

of the data. The summary, findings, conclusions, implications, and recommendations for 

further research are discussed in chapter 5. 

 

Summary 

 A deep understanding of mathematics with well-developed quantitative literacy 

skills is critical for 21st-century students.  Given the relatively low international rankings 

of U.S. students in mathematics despite the development of NCTM standards and numer-

ous attempts at reform, the ways in which students can most effectively learn to be 

mathematical thinkers and quantitatively literate citizens are not clear.  It has been sug-

gested that immediate reform efforts offer teachers the opportunity to transform their 

learning about mathematics and will lead to effective teaching practices that prepare stu-

dents to be quantitatively literate citizens of the world.   
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CHAPTER 2 

REVIEW OF LITERATURE 

            In this chapter, the review of literature is focused on data that indicate a continu-

ing need for mathematics reform and on the steps that are being taken in the United 

States, as well as in the state of Alabama, to improve student achievement in mathemat-

ics.  Literature related to four broad topics relevant to the study is reviewed.  These topics 

are (a) mathematics reform efforts, which include national and international studies; (b) 

U.S. efforts to improve mathematics achievement; (c) exemplary and promising pro-

grams; and (d) an overview of the MMI. 

 Because college remediation costs the United States between $1 billion and $2 

billion per year (Phipps, 1998), there is a growing concern about why students are not 

learning the prescribed curriculum in the primary and secondary grades.  When attempt-

ing to think through this problem, educators will find it helpful to “begin with the end in 

mind” (Covey, 1989, p. 98). For example, investigators studying mathematics teaching 

and learning in Grades K-12 should know the skills needed in colleges and the work-

place.  Greater Expectations:  A New Vision for Learning as a Nation Goes to College is 

a report from a consortium of college campuses involved in innovative 21st-century 

teaching (Association of American Colleges and Universities [AAC&U], 2002).  The re-

port states that the 21st-century student must 

become an intentional learner which develops self-awareness about the 
reason for study, the learning process itself, and how education is used.  
Intentional learners are integrative thinkers who can see connections in 
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seemingly disparate information and draw on a wide range of knowledge 
to make decisions.  They adapt the skills learned in one situation to new 
problems encountered in another—in a classroom, the workplace, their 
communities, and their personal lives.  As a result, intentional learners 
succeed even when instability is the only constant. (AAC&U, p. 21) 

 
In a recent Microsoft presentation, the facilitator, Sheryl Nussbaum-Beach (2005), 

mentioned the top four characteristics of a person whom the company would consider for 

employment. The characteristics were having the ability to effectively use thinking and 

problem-solving skills, possessing interpersonal skills, having communication skills, and 

being self-directed.  Are U.S. primary and secondary schools developing these character-

istics in students? 

 Recently, NCES of the U.S. Department of Education (2002) released the results 

of a study based on questions asked of 12th graders in the year 2000 about their percep-

tions of their educational experience.  The same questions were asked in 1983, 1990, 

1995, and 2000.  In 1983, when asked to respond to the statement, “school work is often 

or always meaningful,” 40% of students surveyed gave an affirmative answer; however, 

in 2000, only 28% answered “yes.”  When asked in 1983 whether school courses were 

“quite or very interesting,” about 35% answered “yes”; in 2000, 21% answered the same 

question with a positive response.  Last, students were asked whether school learning will 

be “quite or very important in later life.”  In 1983, 50% answered positively; however, in 

2000, 39% answered in the affirmative (U.S. Department of Education, 2002). 

 Why do students perceive that there is a decline in the importance and meaning-

fulness of their work in school?  Perhaps there is a disconnect between skills needed for 

21st-century learners and the traditional teaching methods used in today’s classroom. 
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Mathematics Reform Efforts 

National Mathematics Studies 

When pondering the need for educational reform, one finds a powerful warning in 

the release on April 26, 1983, of the government report A Nation at Risk.  This disturbing 

report, which detailed the results of an 18-month study, was issued by a commission ap-

pointed by President Ronald Reagan and chronicled the poor condition of education in 

the United States.  Included in the report was a statement that “the educational founda-

tions of our society are presently being eroded by a rising tide of mediocrity that threat-

ens our very future as a nation and a people” (A Nation at Risk, para. 1).  Perhaps this 

document, which prefaced at least two educational initiatives launched by U.S. presi-

dents, was the precursor to the NCLB Act of 2001.  As Chester Finn (as cited in Coey-

man, 2003), chairman of the Koret Task Force and a fellow at the Hoover Institute, said, 

“The report made a lasting contribution by changing national conversation about educa-

tion” (p. 13).   

 A Nation at Risk (1983) contained discussions of some of the core beliefs of edu-

cational reform in this country.  Although the document is more than 20 years old, the 

core values that it espoused continue to be important today.  The values mentioned are as 

follows: 

1.   A high level of shared education is essential to a free, democratic society and 
to the fostering of a common culture, especially in a country that prides itself 
on pluralism and individual freedom. (A Nation at Risk, The Risk, para. 3) 

 
2    All, regardless of race or class or economic status, are entitled to a fair chance 

and to the tools for developing their individual powers of mind and spirit to 
the utmost.  This promise means that all children by virtue of their own ef-
forts, competently guided, can hope to attain the mature and informed judg-
ment needed to secure gainful employment, and to manage their own lives, 
thereby serving not only their own interests but also the process of society it-
self. (A Nation at Risk, The Risk, para. 5) 
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3.  People are steadfast in their belief that education is the major foundation for 

the future strength of this country.  They even considered education more im-
portant than developing the best industrial system or the strongest military 
force, perhaps because they understood education as a cornerstone of both. (A 
Nation at Risk, The Public’s Commitment, para. 2) 

              
  In Marjorie Coeyman’s (2003) article, “Twenty Years After ‘A Nation at Risk’,” 

published in the Christian Science Monitor, the author reminded Americans that, in com-

parison with people in other countries, U.S. citizens were falling behind in academics; 

that their standardized test scores were dropping; and that their schools were suffering 

from an abundance of low expectations.  She went on to state that the document “brought 

us together to look at education with a sense of urgency” (Coeyman, p. 13).  

          The discussion of A Nation at Risk (1983) now serves as a springboard for the ex-

ploration of assessments, standards, and initiatives that relate to the teaching and learning 

of mathematics in this country. It is by analyzing data that one will find the road map to 

true educational reform. 

 

National Assessment of Education Progress 

             Since 1969, NAEP (U.S. Department of Education, 2003) has been the only na-

tional assessment of what American students know and can do academically in the 4th, 

8th, and 12th grades. The test is optional for 12th grade students.  Mandated by the U.S. 

Congress, the assessment is administered by the NCES, which is part of the U.S. Depart-

ment of Education.  NAEP assesses various academic subjects, including mathematics, 

reading, writing, science, geography, U.S. history, civics, and the arts.  The two major 

goals of the NAEP assessment are (a) to compare student achievement in states and juris-

dictions and (b) to track changes in achievement over time. A sample of students is se-
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lected from public and nonpublic schools in each state.  In the national sample, there are 

10,000-20,000 students assessed from approximately 100 schools. In the state sample, 

there are about 3,000 students sampled per jurisdiction. 

As defined by the NAEP, the three NAEP achievement levels in the mathematics 

framework are (a) basic, (b) proficient, and (c) advanced (U.S. Department of Education, 

2003).  Basic denotes partial mastery of prerequisite knowledge and skills that are fun-

damental for proficient work at each grade level. Proficient represents solid academic 

performance for each grade assessed.  Students reaching this level have demonstrated 

competency over challenging subject-matter knowledge, application of such knowledge 

to real-world situations, and analytical skills appropriate to the subject matter.  The ad-

vanced achievement level represents superior performance.  

A review of recent NAEP reports indicates that a majority of students are per-

forming at a basic level. Although there has been a rise in the NAEP mathematics scores 

since 1990, there are still too few students reaching the proficiency level in mathematics.  

In 1990, 50% of fourth graders and 52% of eighth graders scored at or above the basic 

level as compared to 80% and 69%, respectively, in 2005.  The proficiency level for 

fourth graders was 30% in 1990 and increased to 32% in 2005. The proficiency level for 

eighth graders went from 29% in 1990 to 30% in 2005. Although there has been some 

growth, the fact that less than one third of U.S. students are considered proficient in 

mathematics is evidence that there are major gaps in the teaching and learning of mathe-

matics in elementary and secondary schools. 
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International Mathematics Studies 

Program for International Student Assessment 

 PISA (OECD, 2003), which began in 2000, is administered every 3 years to as-

sess the capabilities of 15-year-old students in reading literacy, mathematics literacy, and 

science literacy (Lemke et al., 2004). PISA defines mathematics literacy as “an individ-

ual’s capacity to identify and understand the role that mathematics plays in the world, to 

make well founded judgments in ways that meet the needs of that individual’s life as a 

constructive, concerned, and reflective citizen” (OECD,  2003, p. 24).  The goal of PISA 

is to answer the question, “What knowledge and skills do students have at age 15?” This 

age was selected because it is within the age range for compulsory education.  PISA is 

not based on grade level because 15-year-old students are in several grade levels and par-

ticipate in many varied classes.    

The purpose of PISA is to examine students’ abilities to apply a wide range of 

knowledge and skills to a variety of real-life problems such as personal, educa-

tional/occupational, public, or scientific (OECD, 2003).  The assessment report is coordi-

nated by the OECD, which is an intergovernmental organization made of 30 highly in-

dustrialized countries.   

The 2003 PISA (OECD, 2003) focused on mathematics; the subareas of the 

mathematics literacy assessment were space and shape, change and relationships, quan-

tity, and uncertainty.  In comparison with other assessments, PISA 2003 used fewer mul-

tiple choice items than either NAEP (U.S. Department of Education, 2003) or TIMSS 

(Stigler & Hiebert, 1997) did; however, it focused more on data that used charts and 

graphs than the other assessments did.  PISA 2003 was a 2-hr written assessment given to 

nationally representative samples.  All 30 OECD countries participated in the assessment, 
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as did 11 additional countries. In the United States, the 2003 PISA was administered to 

5,456 public- and private-school students in 262 schools.   

 The U.S. overall average in mathematics literacy was below the OECD average.  

Twenty of the OECD countries and three non-OECD countries outscored the United 

States in mathematics.  In each of the four subareas, the United States scored below the 

international average.  Of the 38 countries that took the 2003 assessment, 24 outper-

formed the United States in the space-and-shape subtest, 21 outperformed the United 

States in the change-and-relationships subtest, 26 outperformed the United States in the 

quantity subtest, and 19 outranked the United States on the uncertainty scale (OECD, 

2003). 

 

Third International Mathematics and Science Study and Trends in International Mathe-
matics and Science Study 
 

 The TIMSS was formerly known as the Third International Mathematics and Sci-

ence Study (Stigler & Hiebert, 1997).  TIMSS collects mathematics and science data at 

the fourth- and eighth-grade levels with the goal of providing data on trends in perform-

ance.  Background information is gathered to address issues concerning the quality, quan-

tity, and content of instruction.  Data for this study were collected in 1995, 1999, and 

2003 and will be collected in 2007.  Approximately 50 countries participated in the study. 

 The 1995 and 1999 TIMSS videotape study (Stigler & Hiebert, 2000) confirmed 

that U.S. mathematics teachers who were observed emphasized computational procedures 

and spent little time in helping students develop concepts or in connecting procedures and 

concepts to show why the procedures work.  The findings of the TIMSS study suggested 
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that the traditional U.S. mathematics curriculum is not intellectually challenging but is 

repetitive and unfocused (Silver, 1998). 

During the TIMSS 2003 study, 46 countries participated at the fourth- or eighth-

grade level or both (Stigler & Hiebert, 2004).  Conclusions were as follows: 

 1.  There were no measurable changes detected between 1995 and 2003 in the av-

erage mathematics score of U.S. fourth graders.  Moreover, the available data 

suggest that the performance of U.S. fourth graders in mathematics was lower 

in 2003 than in 1995 relative to the performance in those years of fourth grad-

ers in 14 other countries that participated in the studies. 

2.  U.S. fourth-grade girls showed no measurable changes between 1995 and 2003 

in their average performance in mathematics.  U.S. fourth-grade boys also 

showed no measurable change in their average mathematics performance. 

3.  U.S. Black fourth graders improved in mathematics between 1995 and 2003, 

whereas Hispanic fourth graders and White fourth graders showed no measur-

able changes in mathematics. As a result of the changes in the performance of 

Black fourth graders, the gap in achievement between Black and White 

fourth-grade students in the U.S. narrowed (Stigler & Hiebert, 2004).   

 

U.S. Efforts to Improve Mathematics Achievement 

National Council of Teachers of Mathematics Standards 

The term standards entered the vocabulary of U.S. educators during the 1980s af-

ter the nation was declared at risk because of a mediocre educational system.  In 1983, 

the National Commission on Excellence in Education called for schools and colleges to 

set more rigorous standards for students (Kilpatrick, 2001, p. 1). 
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           The first group to develop mathematics standards was the NCTM.  Presently hav-

ing more than 100,000 members, NCTM is the world’s largest mathematics organization. 

This professional organization offered Standards for Curriculum and Evaluation in 1989, 

Standards for Teaching in 1991, for Standards for Assessment in 1995, and Principles 

and Standards for School Mathematics in 2000. 

To promote better student understanding of mathematics, NCTM (2000) devel-

oped standards that impact the way teachers teach mathematics.  The standards suggest 

that the learning of facts and skills should also include conceptual understanding and a 

range of mathematical processes.  The standards call for the ability to communicate 

mathematical ideas and to make strategic decisions when solving problems.  The stan-

dards-based methods include building on students’ entry-level skills, providing opportu-

nities for intervention and practice, analyzing multiple methods, and giving students op-

portunities to discuss their explanations.  The NCTM standards emphasize problem solv-

ing, making connections, reasoning, and communicating.  These standards require teach-

ing algebra, geometry, trigonometry, statistics, probability, discrete mathematics, and 

calculus.  One of the goals of the standards-based curriculum is to change teacher prac-

tice by providing extensive, sustained, and focused professional development that gives 

teachers the opportunity to learn more effective pedagogy for teaching mathematics 

(NCTM). 

           When the first NCTM standards were published, some educators disagreed with 

the view of teaching and learning that called for students to work in small groups or use 

physical objects to explore mathematical ideas.  During this period, skeptics advocated 

making no changes in mathematics teaching until the standards were validated by re-
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search.  At this point, legislation began to be passed that called for materials, programs, 

and assessments to be validated by research (Kilpatrick, 2001, p. 1).  

 

The National Science Foundation 

President George H. W. Bush and all of the nation’s governors attended an educa-

tion summit in 1989. This summit served as the impetus to challenge the NSF to help 

U.S. schools to make changes in their mathematics curriculum on the basis of NCTM 

standards.  The Education and Human Resource (EHR) division of the NSF offered a se-

ries of grants beginning in 1991 to encourage states to align their standards with NCTM 

standards. 

           In 1996, the NSF stated that effective standards-based education should incorpo-

rate the following beliefs: 

1.  All children can learn by using and manipulating scientific and mathematical 

ideas that are meaningful and relate to real-world situations and to real prob-

lems. 

2.  Mathematics and science are learned by doing rather than by using passive 

methods of learning such as watching a teacher work at the chalkboard.  In-

quiry-based learning and hands-on learning more effectively engage students 

than lectures do. 

3.  The use and manipulation of scientific and mathematical ideas benefit from a 

variety of contributing perspectives and are, therefore, enhanced by coopera-

tive problem solving. 

4.  Technology can make learning easier, more comprehensive, and more lasting. 
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This view of learning is reflected in the professional standards of the NCTM, the 

American Association for the Advancement of Science (AAAS), and the National Re-

search Council of the National Academy of Sciences (NRC).   

Along with awarding grants in the 1990s, the NSF sponsored the creation of some 

commercial mathematics programs that were aligned with the NCTM standards. These 

programs are listed by elementary, middle, and high school levels, as follows:  Elemen-

tary school programs include Everyday Mathematics; TERC’s Investigations in Number, 

Data and Space; and Math Trailblazers.  Middle school programs include Connected 

Math, Mathematics in Context, Mathscape:  Seeing and Thinking Mathematically, 

MathThematics, and Pathways to Algebra and Geometry.  High school programs include 

Contemporary Mathematics in Context, Interactive Mathematics Program, Math Connec-

tions:  A Secondary Math Core Curriculum, Mathematics: Modeling Our World, and 

SIMMS Integrated Mathematics: A Modeling Approach Using Technology.   

 

Promising and Exemplary Mathematics Programs 

           The U.S. Department of Education’s Mathematics and Science Expert Panel (as 

cited in McGuire, 2000), released a report in 1999 that included descriptions of five ex-

emplary mathematics programs and five promising programs.  Discussions of two more 

promising programs were released in 2000 by the panel. To achieve exemplary status (the 

highest ranking), a program had to have received high marks on quality, usefulness to 

others, and educational significance and to have provided evidence that the program was 

effective in various sites and with various populations.  Kent McGuire (2000), Assistant 

Education Secretary, said that these exemplary programs have met the highest standards 

set by our nation’s leading mathematical experts and leaders: 
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These programs work, and we will encourage teachers, administrators and policy 
makers to learn more about them as potential additions to their curriculum.  The 
promising programs have great potential and strong but preliminary evidence that 
they too can serve our students well.  (para. 3) 

 
 
Promising Mathematics Programs 

College Preparatory Mathematics (CPM) program.  This program incorporates a 

4-year secondary curriculum that integrates algebra and geometry with problem-solving 

skills.  Six or seven core ideas are introduced, practiced, revisited, and mastered. 

 

Cognitive Tutor Algebra.  This program incorporates a first-year technology-

based algebra course for secondary schools.  Three days per week, students work on co-

operative problem-solving activities; 2 days per week, they work independently in a labo-

ratory. Students investigate real-world situations and use tools such as calculators and 

spreadsheets. 

 

Connected Mathematics.  This course of study is composed of a comprehensive 

problem-centered curriculum designed for Grades 6-8.  Connections are made within 

mathematics, between various subjects and mathematics, and with the real world.  Exten-

sive problem sets are included to further understanding. 

 

Core-Plus Mathematics Project.  This program consists of a three-core course de-

signed for all high school students. A fourth course is for the college-bound student.  The 

curriculum focuses on mathematical modeling and the use of graphing calculators.   
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Interactive Mathematics Program (IMP).  IMP is a 4-year, secondary, problem- 

based curriculum.  Students are challenged to actively explore open-ended situations; in-

vestigate cases; look for patterns; and make, test, and prove conjectures. 

 

Everyday Mathematics.  This K-6 comprehensive mathematics program integrates 

mathematics with real-life situations.  Features include problem solving, linking past ex-

periences to concepts, sharing ideas, hands-on exploring, cooperative learning, and 

home/school partnering. 

 

Mathland.  Mathland is a K-6 program that uses problem solving to investigate 

and understand mathematics content.  The program emphasizes skills such as problem 

solving; communicating; making connections; and using reasoning, estimation, statistics, 

measurement, probability, fractions, and decimals. 

 

Middle School Mathematics through Application Project.  In this Grades 6-8 

technology-based curriculum, students use technology to analyze real-world problems, 

increase understanding of mathematics, and develop competence with standard symbolic 

notation for mathematical concepts and for organization and communication of ideas. 

 

Number Power.  This supplemental K-6 program uses a cooperative setting to de-

velop number-sense and social-interaction skills.  Students learn to do mental computa-

tion, estimate, analyze data, devise computation and problem-solving strategies, and 

compute accurately. 
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The University of Chicago School Mathematics Project (UCSMP).  The project is 

a Grades 7-12 program composed of six courses that focus on real-world application and 

problem solving.  The courses are Transition Mathematics, Geometry, Advanced Alge-

bra, Functions/Statistics/Trigonometry, and Pre-calculus/Discrete Mathematics. 

 

An Overview of the MMI 

           Thus far, the purpose of chapter 2 has been to examine national and international 

data with the intent of establishing a need for mathematics reform.  Some general infor-

mation was also presented on what is being done in the United States to increase student 

achievement in mathematics. Last, this chapter contains an overview of the MMI, a spe-

cific mathematics reform effort.  This initiative served as the model for mathematics re-

form efforts taking place in single school district in Alabama (see Appendix A).   

          The MMI is herein described in conjunction with Alan Schoenfeld’s (2002) re-

quirements for sustained successful mathematics reform. Schoenfeld stated that the fol-

lowing four characteristics must be in place: (a) a high-quality curriculum; (b) a stable, 

knowledgeable, and professional teaching community; (c) high-quality assessment 

aligned with teaching goals; and (d) stability and the mechanisms that allow the curricula 

assessment and professional development to evolve effectively (p. 13).  The first re-

quirement for a high-quality curriculum was addressed in the MMI by basing all training 

on the Alabama Course of Study for Mathematics and on the NCTM (2000) curriculum 

and evaluation standards for school mathematics. The research-based strategies used in 

the training were modeled after Project Impact (Van Hanegan et al., 2004), which is 

based on the constructivist teaching of mathematics.  During the training, there was an 

emphasis on content knowledge, pedagogy, and standards-based curricula. 
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           A stable, knowledgeable, and professional teaching community is Schoenfeld’s 

(2002) second criterion. In the 2 years of the MMI’s operation in the targeted school dis-

trict, only one school had principal turnover; the new principal was trained in the MMI, a 

requirement for all MMI school principals.  Additionally, this principal had taught in an 

MMI school previously.  In the 1st year of the initiative, fewer than five teachers in the 

eight schools had not been trained.  In the 2nd year of implementation, a makeup session 

allowed all of the teachers to be trained.  Teachers attended at least four additional work-

shops and received weekly coaching throughout the school year. Outside MMI consult-

ants also visited teachers’ classrooms several times a year and gave them feedback.  

There was a follow-up 3-day advanced workshop that took place the summer after the 2-

week training, and teachers attending the advanced workshop were paid a stipend and 

received materials to implement what they learned.  A 2-day mastery workshop was 

added during the second summer after the 2-week training; teachers received additional 

training, materials, and a stipend.  

           Schoenfeld’s (2002) third criterion is “high quality assessment that is aligned with 

curricular goals” (p. 13).  The full implementation of the ARMT in spring 2005 meant 

that students were assessed with a test that was more closely aligned with the curriculum 

that they were being taught. Students were also assessed with the SAT 10.  The school 

district has created pacing guides with short monthly assessments to enable teachers to 

intermittently monitor students’ progress in mathematics.  The MMI also provides a quar-

terly problem for students; students solve the problem and explain the logic by which 

they arrived at the solution. Teachers have grade-level meetings to discuss the thinking 

that students used to answer these questions.  
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The fourth criterion is stability and mechanisms for the evolution of curricula, as-

sessment, and professional development (Schoenfeld, 2002, p. 13).  Some of the ways in 

which the MMI fulfills this condition within the system include system mathematics 

coaches who visit classes weekly, the Teacher Leadership Program, the Implementation 

Committee, Professional Math Learning Teams, outside-the-system coaches, grade-level 

meetings dedicated to mathematics, after-school workshops, during-the-workday work-

shops, ongoing principal training, summer training, pacing guides with lesson plans, Cal-

endar Math training, and materials with which to implement what is learned in work-

shops.       

Initially, the MMI focused on high-poverty/high-minority schools.   Thirty-one 

percent of U.S. students entering college are considered to be minority, and 41% of stu-

dents in the targeted school district are considered minority.  Because these percentages 

represent a large portion of the student population, strategies for teaching minority stu-

dents are herein explored by focusing on five areas that research indicates can affect 

mathematics achievement in minority students.  

First, minority students are more likely to be taught with the use of low standards 

of performance.  According to the ASCD Advisory Panel on Improving Student Achieve-

ment (Cole, 1995), low expectations are a barrier that interferes with effective instruction 

and student learning.  Research shows that high expectations are necessary for student 

success.  Often, minority students are placed in low-level mathematics courses and follow 

that track throughout their educational experience; however, all students, including 

minority students, need to be nurtured to develop positive attitudes about mathematics to 

increase the likelihood that they enroll in higher level mathematics courses 

commensurate with mathematical skills and abilities.  
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           Second, the curriculum should meet the needs of the student and promote in-

creased student achievement.   Students learn mathematics best by “doing” or construct-

ing the knowledge themselves rather than by copying how someone else does it.  The 

goal of constructivism in mathematics is encourage students to invent various methods of 

problem solving and to make sense of the answers (Kamii, 1989).   

Traditionally mathematics has been taught in our schools as if it were a dead lan-
guage.  It was something that past, mostly dead, mathematicians had created—
something that needed to be learned, practiced, and applied.  When the definition 
of mathematics shifts toward “the activity of mathemitizing [constructing mean-
ing for] one’s lived world,” the constructed nature of the discipline and its con-
nection to problem solving become clear.  When we define mathematics in this 
way, and teach accordingly, children will rise to the challenge.  (Fosnot & Dolk, 
2002, p. 18) 
 
When minority students are allowed to apply their own reasoning to solving 

mathematical problems instead of being taught to simply memorize procedures, they in-

crease their capacity for true mathematical understanding.  For example, Ruby Payne 

(2001) suggests that the technology teacher might design a project that would require the 

student to use algebra to design a structure.  When students are taught mathematics for 

understanding, they become better problem solvers and independent thinkers.  

Third, every minority student should have a highly skilled teacher who is teaching 

in his or her area of expertise.   

Poor and minority children don’t underachieve in school just because they often 
enter behind; but, also because the schools that are supposed to serve them actu-
ally shortchange them in the one resource they most need to reach their poten-
tial—high-quality teachers. Research has shown that when it comes to the distri-
bution of the best teachers, poor and minority students do not get their fair share. 
(Peske & Haycock, 2006, p. 1) 
 
Teachers must be trained to implement the best practices in the classroom.  The 

NCTM (2000) developed national standards for the teaching of mathematics that moves 

away from rote memorization and toward a focus on understanding and reasoning.  The 
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NCTM standards stress that (a) teachers should ensure that mathematics is interconnected 

and that several areas of mathematics are taught at every grade level (e.g., students 

should begin learning geometry in kindergarten and should study it in a more complex 

fashion as they progress through the grades); (b) teachers should teach mathematical 

problems in context and ensure that they reflect the real world of the students; (c) teach-

ers should listen more and lecture less and should ask questions that both help students 

clarify their thinking and entice them to go to a deeper level of understanding; (d) teach-

ers should help students to learn articulation skills and to become adept at explaining 

their thinking; and (e) teachers should help students to become familiar with charts, ta-

bles, and graphs and to use them to test, explore, and describe problems (NCTM). 

           Fourth, the school climate should honor diversity.  All individuals in the school 

should acknowledge and value the race and ethnicity of all students, faculty, and staff by 

embracing differences, celebrating them, and incorporating them into the day-to-day hap-

penings at the school.  Even if the school is not highly diverse ethnically, the multiethnic 

nature of the United States should be reflected throughout the school—in the curriculum, 

on bulletin boards, in books, and in other resources used by the school.  Teachers who 

pretend not to notice students’ racial differences in fact do not notice the students at all; 

such teachers are limited in meeting the educational needs of their students (Ladson-

Billings, 1994).  Educators should develop the knowledge and skills needed to work in a 

diverse society.  According to Gollnick & Chinn (2002), “social justice and equality for 

all people should be of paramount importance in the design and delivery of curricula” (p. 

30).  Valuing a student’s culture facilitates learning and helps the student feel connected 

to the school culture.  Students who feel that they are a part of a safe environment are 
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more likely to take greater risks by taking more challenging classes and to excel in the 

classes they take.                                        

Fifth, schools should provide numerous opportunities for parents and the commu-

nity to become involved in the students’ acquisition of mathematic skills.  Parent training 

is invaluable, particularly in low socioeconomic communities (Payne, 2001).  Family 

mathematics nights give parents strategies for working with their children on mathemat-

ics.  Parents need to know that mathematics instruction has changed dramatically since 

they were children.  Parents can be retrained to understand that teaching mathematics for 

understanding is different from offering strings of procedures to be memorized.  Addi-

tionally, a productive community can participate in numerous opportunities designed to 

allow industry, businesses, civic clubs, Parent-Teacher Associations, and concerned indi-

viduals to tutor students or provide funding for math manipulatives and other materials 

needed for student learning.  Effective mathematics education offers hope for a bright 

future for all students.  No student should be left behind in the effort to teach mathemat-

ics for understanding.   
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CHAPTER 3 

METHODOLOGY 

In this study, a quasi-experimental research design was used to compare changes 

in students’ mathematics achievement scores over time.  The study design provides for 

comparisons across testing occasions, by using students as their own controls.  Null hy-

potheses were as follows: 

1.  There will be no significant interaction in mathematics achievement as meas-

ured by NCE scores on the Procedures subtest of the SAT 10 over a 3-year pe-

riod for students in three high poverty schools in a single school system whose 

teachers had participated in the MMI.  The independent variables examined 

were (a) ethnic background, (b) gender, (c) socioeconomic status, (d) level of 

English proficiency, (e) level of special education needed, and (f) school stu-

dent attended. 

2.  There will be no significant interaction in mathematics achievement as meas-

ured by NCE scores on the Problem Solving subtest of the SAT 10 over a 3-

year period for students in three high poverty schools in a single school sys-

tem whose teachers had participated in the MMI.  The independent variables 

examined were (a) ethnic background, (b) gender, (c) socioeconomic status, 

(d) level of English proficiency, (e) level of special education needed, and (f) 

school student attended. 
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3. There will be no significant interaction in mathematics achievement as meas-

ured 

 by scale scores on the ARMT Math subtest over a 2-year period for students in 

three high poverty schools from a single school system whose teachers partici-

pated in the MMI. The independent variables examined were (a) ethnic back-

ground, (b) gender, (c) socioeconomic status, (d) level of English proficiency, 

(e) level of special education needed, and (f) school student attended. 

The study is a longitudinal analysis of student achievement in a cohort of students 

before and after their teachers participated in professional development in the use of the 

MMI strategies over the course of 3 years.  The main objective of the study was to exam-

ine changes in student achievement after implementation of MMI strategies.  

The first year of student data were collected from the 2003-2004 school year and 

were used as baseline data for students whose teachers had not participated in MMI train-

ing.  Teachers of these students received the MMI training during the summer before the 

MMI implementation in 2003-2004 and 2004-2005, when the students were in the third 

and fourth grades.  In addition to analysis of changes in student achievement relative to 

teacher MMI training, an examination of changes in student achievement was conducted 

by using the independent variables of student ethnicity, gender, socioeconomic status, 

level of English proficiency, level of special education needed, and the specific school 

the student attends.  Table 1 presents an overview of the MMI training schedule for 

teachers of study participants. 
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Table 1 

MMI Teacher Training Schedule 
 

2003-2004 2004-2005 2005-2006 
Second grade (baseline): 
teachers have not been 
MMI trained 

Third grade: first year for 
student to have an  MMI-
trained teacher 

Fourth grade: second year 
for student to have an 
MMI-trained teacher 

Priming for one teacher in 
each grade in kindergarten 
through fifth grade 

Kindergarten and third- 
grade teachers trained 
summer 2004 

First- and fourth-grade 
teachers trained summer 
2005 

 
 
 

Intervention 

The professional development, or intervention, for teachers, mathematics coaches, 

and principals followed the curriculum specified in the MMI.  The professional develop-

ment incorporated best practices and provided instruction specific to each grade level. 

This process included an introduction to priming in the basic philosophy of the MMI dur-

ing the academic year before the summer when the teachers were scheduled to participate 

in professional development.  During the first summer of the first year of the MMI im-

plementation, kindergarten and third-grade teachers were trained.  The rationale for pro-

viding training to these particular grade levels was twofold.  Training kindergarten teach-

ers would result in students’ benefiting from having their initial mathematics experiences 

with MMI-trained teachers.  Training third-grade teachers would result in the school sys-

tem’s benefiting by being able to use standardized testing data (normally collected in the 

third grade) as a measure of student achievement with which to evaluate effectiveness of 

the MMI first-year implementation.  The training schedule for subsequent years was for 

first- and fourth-grade teachers and second- and fifth-grade teachers, respectively.  Dur-
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ing the 2-week training, teachers were exposed to mathematics content and strategies 

based on the unique MMI professional development model described in Table 2.   

 

Table 2 

MMI Big Ideas 
 

Curriculum Instruction Assessment 
1.  Problems/tasks that are 
relevant and engaging to 
students  

1.  Learning opportunities 
that allow students to make 
sense of mathematics, by 
building on prior knowl-
edge 
 

1. Instructional decisions 
made through ongoing 
and varied assessment   

2.  Coherent, relevant, and 
focused mathematics les-
sons 

2.  Clear, accurate, and pre-
cise teacher communica-
tion, both oral and written 
 

2. Clear and precise oral 
and written communica-
tion by students 

3.  Connections between 
math topics and other con-
tent areas  

3.  Questioning strategies 
used to clarify, probe, and 
extend student thinking 
 

 

4.  Technology used to en-
hance student learning 

4.  Challenging and engag-
ing  student learning oppor-
tunities through classroom 
environment and lessons 

 

Note: From “The Maysville to Mobile Mathematics Initiative from the Director’s Per-
spective” by S. Pruet, 2005, In H. Bamberger (Ed.), Mobile Math Initiative: Teaching 
Mathematics for Meaning and Mastery Summer Institute Participant’s Notebook, p. 1.   
Copyright 2005 by Mobile Area Education Foundation. Adapted with permission. 
 

 

The following section describes the professional development provided to the 

teachers of student participants in the present study.  Consultants who have been trained 

in the MMI strategies and who are employed by Mathworks under the direction of Dr. 

Honi Bamberger conduct the professional development workshops.  Mathematics 

coaches and experienced MMI teachers co-present with the Mathworks presenters.  In-

cluded in the workshops are opportunities for participants to individually practice their 
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newly learned skills by teaching students enrolled in summer school.  Feedback is pro-

vided to each teacher by a peer observer for five mornings during the midpoint of this 2-

week intervention. Each day for 5 days, the observer facilitates a reflective conversation 

with the teacher.  In addition, principals and teachers have faculty planning time during 

the workshop to restructure their curriculum to include the MMI strategies.   

Four unique strategies that are daily routines for MMI-trained teachers and their 

students are Daily Data activities, Early Bird math activities, and THINK-PAIR-SHARE 

and other management activities. 

1.  Daily Data activities that include Venn diagrams and graphs are used to en-

gage students in activities that make connections between real life and 

mathematics.  Conversations about data collection provide students with nu-

merous opportunities to explain their mathematical thinking through speaking 

and writing (Bamberger, 2005, p. 21). 

2.  Early Bird math activities are short, 10-min, independent, hands-on activities 

that reinforce math skills and concepts.  Follow-up discussions about Early 

Bird activities strengthen vocabulary and language for students (Bamberger, 

2005, p. 21). 

 3.  THINK-PAIR-SHARE, a cooperative learning strategy, is a way to manage 
discussions with students and provide them with thinking time.  Signal 
THINK by touching the pointer finger on the temple of your forehead to indi-
cate to students to spend about 10-15 seconds thinking.  Then signal PAIR 
(crossing the middle finger over the pointer finger) for students to talk quietly 
with someone near them about what they are thinking for 30-45 seconds. Sig-
nal SHARE (outstretched hand, palm up) to indicate it is time to share out 
loud either what they are thinking or something they heard. While students are 
SHARING, there are several additional management signals that ensure a 
productive discussion.  The first signal is ME TOO, and is indicated by stu-
dents pointing back and forth toward their chest with the thumb.  This lets the 
teacher know they were thinking the same thing as the student sharing.  The 
second signal is POINT OF INTEREST.  Students use this signal by raising 
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their pointer finger in the air.  It means they would like to add something or 
disagree with the person sharing.  (Bamberger, 2005, p. 21)  

 
4.  “Equity sticks” are an additional strategy for managing any discussion with 

students.  These are easily made by writing students’ names on craft sticks.  
Store the sticks in a can.  During a discussion, randomly choose sticks to call 
on students. (Bamberger, 2005, p. 21)     

 
Specific strategies expected of teachers in the MMI workshops are congruent with 

best practices in mathematics (NCTM, 2000) and include the following strategies:   

1.  Plan instruction that is based on students’ prior knowledge. 

2.   Facilitate additional learning opportunities by allowing adequate time for stu-

dents to think and listen to each other. 

3.   Use questioning strategies that promote deep levels of understanding by the 

students.  Teachers ask questions such as “How do you know that?” and “Will 

that work every time?” and “Did anyone get a different answer or work the 

problem another way?”  In addition, students provide answers that justify 

math concepts. 

4.  Focus on students’ thinking and problem-solving strategies instead of only on 

obtaining the correct answer. 

5.  Reinforce skills that enhance estimation and mental math.   

6.   Reinforce computational skills by connecting problem solving to real-world 

applications. 

7.  Integrate math throughout and across the curriculum. 

8.  Assess student knowledge and spontaneously modify instruction (NCTM, 

2000).  

 In an MMI classroom, desks are grouped together for collaborative problem solv-

ing, and mathematic manipulatives are available for easy access.  Calendar Math is evi-
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dent in all classrooms.  Student writing samples that show their mathematical thinking are 

displayed throughout the school building. 

After the 2-week training, additional training opportunities are provided, as de-

picted in Table 3, and include a 3-day advanced-training workshop that teachers attend 

the summer after their 2-week training.  Teachers are paid a stipend to attend workshops 

and are given several hundred dollars’ worth of preselected grade-level-specific materials 

that are similar to the materials used in the 2-week summer institute to use in their class-

rooms; these materials include mathematics manipulatives.  

 

Table 3 

Professional Development Training Progression 
 

Summer 1 Summer 2 Summer 3 
Priming Two-week summer institute Three-day advanced institute 

 
 

Levels of Personnel Involved With MMI Implementation 

Although several unique features of the MMI are described in the literature, a 

specific feature of interest is that of the inclusion of math “coaches” hired to assist teach-

ers in the classroom.  Mathematics coaches focus on teachers who have been through the 

2-week professional training.  The coaches provide coaching and mentoring support to 

teachers, assist in planning, demonstrate lessons, co-teach, conduct observations, conduct 

monthly mathematics presentation to faculties, coordinate MMI plans with principals, 

coordinate follow-up classroom visits with consultants, participate in additional training, 

and keep records.  Teachers from all eight MMI schools meet monthly and are provided 

with release time for planning sessions conducted within their schools.  Additionally, the 



40 

 

MMI consultants provide quarterly visits to the classrooms of the MMI teacher partici-

pants to provide feedback.  

 

Teacher Leadership Program 

To support, enhance, and sustain the MMI innovation, teachers may apply to be 

selected to participate in the rigorous Teacher Leadership Program. The 3-year profes-

sional development program focuses on mathematics pedagogy, content, and leadership.  

In the 2nd and 3rd years of the program, participating teachers immerse themselves in a 

school-based leadership practicum.   

 

Implementation Committee 

 To assist with implementing and sustaining the MMI, additional structures are 

necessary.  One structure for both implementing the MMI with integrity and sustaining 

the MMI is the school’s Implementation Committee.  High implementers of the MMI are 

grade-level teachers who have integrated the MMI strategies into most of their teaching.  

These teachers are selected by the principals in the winter after their initial 10-day profes-

sional development.  The primary functions of committee members are (a) to serve as a 

sounding board for mathematics coaches and district liaisons, (b) to be highly informed 

about the MMI, (c) to be advocates of the MMI, (d) to administer quarterly problems to 

students and to participate in discussion about student thinking related to these quarterly 

problems, and (e) to participate in professional learning teams (S. Pruet, personal com-

munication, August 13, 2006).     
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Sample 

The population for this study consisted of 89 students who were enrolled in three 

MMI schools in the selected school district; were second-grade students during the 2003-

2004 school year; and remained in the same school through the 2005-2006 school year, 

when they were fourth-grade students.  Enrollment in these three MMI schools includes 

Caucasian, African American, and Hispanic students. These schools were selected be-

cause they are composed of high poverty students, with over 80% receiving free or re-

duced-price lunch.  Principals of these schools agreed to administer the SAT 10 to the 

school’s second-grade students; the results of this testing provided pre-MMI baseline 

data.  The demographics, including frequencies and sample size for ethnicity, gender, so-

cioeconomic status, level of English proficiency, and level of special education needed, 

are included in Tables 4 through 7. 
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Table 4 

Combined Demographics for Elementary Schools A, B, and C by Ethnicity, Gender, So-
cioeconomic Status, Level of English Proficiency, and Level of Special Education Needed 
 

                    Variable f % of sample 
Ethnicity   

White 16   18.0 
Black 42   47.2 
Hispanic 31   34.8 

Gender   
Male 43   48.3 
Female 46   51.7 

Socioeconomic status   
Paid lunch   6     6.7 
Free and reduced lunch 83   93.3 

Level of English proficiency   
Non-limited English proficiency 60   67.4 
Limited English proficiency 29   32.6 

Level of special education needed   
Non-special education 78   87.6 
Special education 11   12.4 

 
 
 
Table 5 

Elementary School A Demographics by Ethnicity, Gender, Socioeconomic Status, Level 
of English Proficiency, and Level of Special Education Needed 
 
                      Variable f % of sample 
Ethnicity   

White   5    16.1 
Black 14    45.2 
Hispanic 12    39.7 

Gender   
Male 14    45.2 
Female 17    54.8 

Socioeconomic status   
Paid lunch   3      9.7 
Free and reduced lunch 28    90.3 

Level of English proficiency   
Non-limited English proficiency 19    61.3 
Limited English proficiency 12    38.7 

Level of special education needed   
Non-special education 24    77.4 
Special education   7    22.6 
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Table 6 

Elementary School B Demographics by Ethnicity, Gender, Socioeconomic Status, Level 
of English Proficiency, and Level of Special Education Needed 
 

     Demographic characteristics f % of sample 
Ethnicity   

White   3   17.6 
Black 13   76.5 
Hispanic   1     5.9 

Gender   
Male   7   41.2 
Female 10   58.8 

Socioeconomic status   
Paid lunch   2   11.8 
Free and reduced lunch 15   88.2 

Level of English proficiency   
Non-limited English proficiency 17 100.0 
Limited English proficiency   0     0.0 

Level of special education needed   
Non-special education 15   88.2 
Special education   2   11.8 

 
 
 
Table 7 

Elementary School C Demographics by Ethnicity, Gender, Socioeconomic Status, Level 
of English Proficiency, and Level of Special Education Needed 
 

     Demographic characteristics f % of sample 
Ethnicity   

White   8   19.5 
Black 15   36.6 
Hispanic 18   43.9 

Gender   
Male 22   53.7 
Female 19   46.3 

Socioeconomic status   
Paid lunch   1     2.4 
Free and reduced lunch 40   97.6 

Level of English proficiency   
Non-limited English proficiency 24   58.5 
Limited English proficiency 17   41.5 

Level of special education needed   
Non-special education 39   95.1 
Special education   2     4.9 
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As part of the University of Alabama at Birmingham’s graduate research re-

quirements, permission was obtained from the superintendent of the selected school dis-

trict and from the university’s Institutional Review Board for Human Use (Appendix B).  

All requirements for implementation of board regulations were followed during the data 

collection and data analysis phases of the study. 

 

Data Collection Procedures 

The data consisted of scale scores for the ARMT Math subtest from the 2004-

2005 and 2005-2006 school years and of NCE scores for the SAT 10 Procedures and 

Problem Solving subtests from the 2003-2004, 2004-2005, and 2005-2006 school years.  

Table 8 provides an overview of the data collection plan.  Student test scores for the SAT 

10 and the ARMT from three high poverty schools that had participated in the MMI for 2 

years were used in data analysis and were obtained from archival records in the school 

system’s central office.  Student names were not used in order to preserve the anonymity 

of students whose scores were used for statistical analysis.  The central office of the 

school system provided access to the data, which were stored on a portable electronic 

storage device and locked in a metal file cabinet; student identity numbers were de-

stroyed after the statistical analysis was conducted. 

 

Table 8 

Data Collection Schedule for Standardized Testing 
 

2004 2005 2006 
SAT 10 2nd grade    SAT 10 3rd grade SAT 10 4th grade 
                     ARMT 3rd grade ARMT 4th grade 
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As can be noted in Table 8, the process for data collection was systematic. Data 

were entered into Statistical Package for Social Sciences (SPSS; Version 15.0) for subse-

quent analysis. The data collected from three high poverty schools specifically included 

the following student test scores for the ARMT Math subtest:  (a) spring 2005 ARMT 

Math subtest scale scores for third-grade students from three MMI schools in the targeted 

school district and (b) spring 2006 ARMT Math subtest scale scores for fourth-grade stu-

dents from three MMI schools in the targeted school district.  The data collected from 

three high poverty schools included the following students’ test scores for the SAT 10 

Procedures and Problem Solving subtests:  (a) spring 2004 SAT 10 Procedures and Prob-

lem Solving subtest NCE scores for second-grade students from three MMI schools in the 

targeted school district, (b) spring 2005 SAT 10 Procedures and Problem Solving subtest 

NCE scores for third-grade students from three schools in the targeted school district; and 

(c) spring 2006 SAT 10 Procedures and Problem Solving subtest NCE scores from 

fourth-grade students in three schools in the targeted school district. 

 
 

Data Analysis Plan 
 

The data analysis plan addressed each of the three null hypotheses by using facto-

rial ANOVA with repeated measures analysis procedures. In this study, students were 

treated as their own control.  In addition, this longitudinal study provides data to describe 

changes in achievement over the 3-year period.   

The interaction among achievement measures with the following independent 

variables was compared: (a) ethnic background (White, Black, Hispanic), (b) gender 

(male, female), (c) socioeconomic status (paid lunch, free and reduced lunch), (d) level of 

English proficiency (non-limited English proficient, limited English proficient), (e) level 
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of special education needed (non-special education, special education), and (f) school stu-

dent attended.  These comparisons involve data about students who participated in the 

SAT 10 Procedures and Problem Solving subtests for the school years 2003-2004, 2004-

2005, and 2005-2006 and in the ARMT Math subtest for the school years 2004-2005 and 

2005-2006.   

 
 

Instruments 
 

Two instruments, the ARMT and the SAT 10, provided the data used to measure 

the dependent variable.  Both of these tests are standardized, and the publishers of both 

assessments have reported on the psychometric properties taken to assure the validity and 

reliability of the testing instruments.  These assessments are both reliable and valid for 

use in comparing changes in student achievement over time. 

 

ARMT Validity and Reliability 

Validity of the ARMT 

The most basic element of test development and evaluation is validity.  Validity 

“means that researchers can draw meaningful and justifiable inferences from scores about 

a sample or population” (Creswell, 2005, p. 600).  The technical report (Alabama Read-

ing and Mathematics Test, 2005) developed for use with the ARMT indicates that con-

struct validity is the most important type of validity for use of this assessment. Construct 

validity of the ARMT was examined by using the intercorrelations of the specified do-

mains, subdomains, and total scores provided in Table 9. 
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Table 9 

Intercorrelations of Domains, Subdomains, and Total Scores for the ARMT Math Subtest 
for Grade 3 
 

    Mathematics 3 MT PR PS NSO PRA GMY MST DSP 
Math Total (MT) 1.00        
Procedures (PR)   .76 1.00       
Problem Solving (PS)   .99   .66 1.00      
Number Sense And  
Operations (NSO) 

  .85   .92   .78 1.00     

Algebra (PRA)   .70   .49   .70   .56 1.00    
Geometry (GMY)   .76   .47   .78   .54   .47 1.00   
Measurement (MST)   .62   .36   .64   .42   .34   .44 1.00  
Data Analysis &  
Probability (DSP) 

  .69   .41   .71   .48   .41   .49   .41 1.00 

 
 
 

For Mathematics 3, the intercorrelation between Math Total and Problem Solving 

is .99, whereas the intercorrelation between Math Total and Procedures is .76.  “The re-

sults imply that Mathematics Tests were mainly designed to measure Problem Solving 

rather than Procedures” (Alabama Reading and Mathematics Test, 2005, p. 60) for Grade 

3 (this result was also found for Grades 5 and 7).  On the basis of intercorrelation values, 

the researcher expected that mean scale scores for the ARMT Math subtest would be 

more closely aligned with mean NCE scores for the SAT 10 Problem Solving subtest 

than with mean NCE scores for the SAT 10 Procedures subtest.  

 
 
Reliability of the ARMT 
 

Test reliability indicates the precision and consistency of measurement.  Reliabil-

ity coefficients and standard error of measurement are two statistics that describe a test’s 

reliability. The types of reliability that are considered for the ARMT are internal consis-

tency and test-retest reliability (Alabama Reading and Mathematics Test, 2005, p. 46). 
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Interrater agreement on open-ended test items.  The amount of interrater agree-

ment was estimated by using a check score procedure.  Data from the check score proce-

dure were analyzed by using the percentage of perfect agreement between adjacent score 

categories.  If the discrepancies between the first and second rating are within +1 score, 

then there is interrater agreement.  The data presented in Table 10 indicate that the 

ARMT is a valid measure for assessing student achievement. 

 

Table 10 

Interrater Agreement Coefficients for the ARMT Math Subtest for Grade 3 
 

 Interrater agreement 
Subject and grade %  Perfect +1 Adjacent 
Math 3 81 98 

 
 
 

SAT 10 Validity and Reliability 
      

The SAT 10, developed by Harcourt, uses the definition of validity that is pub-

lished in the current edition of the Standards for Educational and Psychological Testing; 

this definition states that validity is “the degree to which evidence and theory support the 

interpretations of test scores entailed in the use of tests [and] is, therefore, the most fun-

damental consideration in developing and evaluating tests” (Stanford Spring Technical 

Data Report, 2003, p. 9). The SAT 10 incorporates the 24 validity-related standards (1.1 

through 1.24) from the same publication. The following sources of validity were used to 

evaluate test validity of the SAT 10:  (a) test content, (b) test response processes, (c) test 

internal structure, (d) relationships to other variables, (e) convergent and discriminant 

analysis, (f) test criterion relationships, and (g) testing consequences. Examination of 
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these data provided in the technical manual indicated that the evidence for reliability of 

the tests at all grades was high.   

Test reliability is reflected “in evidence of test accuracy, precision, and consis-

tency” (Stanford Spring Technical Data Report, 2003, p. 44).  The reliability coefficient 

that demonstrates internal consistency emphasizes the consistency of test performance 

from item to item (see Table 11).  This consistency is accomplished by  

subdividing a test into portions, typically halves, and correlating the scores from 
each portion.  To overcome the possibility of non-equivalent portions the Kuder-
Richardson Formula 20 (KR20) is used to generate the KR20 reliability coeffi-
cient. The KR20 reliability coefficients show that the Stanford 10 is reliable and 
based on a high degree of internal consistency. (Stanford Spring Technical Data 
Report, p. 45) 

 
The Stanford Spring Technical Data Report offers further descriptions of the validity and 

reliability measures for the SAT 10.       

 

Table 11 

Reliability Coefficients for the SAT 10 Mathematics Subtests for Grade 3  
 
 Grade 3 subtest Number of items N M SD SEM KR-20 
Problem Solving 30 2,170 20.1 6.2 2.26 .87 
Procedures 20 2,177 12.2 4.8 1.84 .85 

 
 

 
Summary 

Chapter 3 included a description of the research design, intervention, sample, and 

data employed in the study.  In addition, descriptions of the criteria used for selecting the 

sample and of the population demographics from which the samples were derived were 

provided.  From the population of second-, third-, and fourth-grade students, 89 students 

with available scores for the three testing occasions were included in the study.  The SAT 
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10 Procedures and Problem Solving subtests and the ARMT Math subtest provided the 

basis for the data that were gathered.  In the study, the effects on student achievement that 

result when the student is taught by a trained MMI teacher were explored by examining 

the relationship of mathematics achievement scores to the independent variables of (a) 

ethnic background, (b) gender, (c) socioeconomic status, (d) level of English proficiency, 

(e) level of special education needed, and (f) school student attended; the three null hy-

potheses were examined by using a factorial ANOVA with repeated measures.  
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CHAPTER 4 

FINDINGS 

Introduction 

The purpose of this chapter is to report findings for the three null hypotheses re-

lated to student achievement and the MMI.  The assumptions for ANOVA with repeated 

measures have been discussed.  Data from the 89 students enrolled in the three MMI 

schools were analyzed by using the SPSS (Version 15.0).  Findings are reported for each 

of the three null hypotheses. 

  

Data Verification 

Accuracy of data entry was verified by a research methodology committee mem-

ber and a graduate student to ensure the validity of data for use in analyses.  Before being 

analyzed, the data set was screened for outliers as a further step to increase the accuracy 

of the results reported in this chapter.  Inclusion of these scores in the data analysis re-

sulted in a skewed distribution that yielded less-than-valid results.  Scores of 10 were 

significantly different from the next highest score.  The minimum score for the SAT 10 

NCE scores was set at 10; therefore, any score less than 10 was considered an outlier and 

filtered out of the data set.  According to Osborne and Overbay (2004), the most appro-

priate decision is to remove those outliers when such outliers occur.   Seven NCE scores 

less than 10 were filtered from the SAT 10 Procedures 2004 subtest, and six NCE scores 

were filtered from the SAT 10 Problem Solving 2004 subtest.  Four scores that were less 
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than 540 in the ARMT Math subtest for 2005 were filtered, as well.  Thus, the following 

scores were used in the analysis at baseline:  2004 SAT 10 Procedures subtest NCE 

scores (n = 82), 2004 SAT 10 Problem Solving subtest NCE scores (n = 83), and 2005 

ARMT Math subtest scale scores (n = 85). 

 

Procedures for Repeated Measures 

The purpose of this study was to investigate the change in performance of stu-

dents whose teachers were trained in the MMI. The research design provided for a longi-

tudinal analysis in which students were used as their own controls.  SAT 10 Procedures 

and Problem Solving scores over a period of 3 consecutive years were examined, as were 

the ARMT Math subtest scores for 2 consecutive years. In this study, the dependent vari-

ables were NCE scores for the SAT 10 Procedures and Problem Solving subtests and the 

scale scores for the ARMT Math subtest.  Student achievement data in standardized form 

were used.  Data were analyzed by using the following independent variables: (a) ethnic 

background, (b) gender, (c) socioeconomic status, (d) level of English proficiency, (e) 

level of special education needed, and (f) school student attended.  An ANOVA proce-

dure with repeated measures was chosen as the method of analysis because this method 

allows comparisons across testing occasions by using students as their own controls 

(Green, Salkind, & Akey, 1999).  A power analysis was conducted for the samples, and 

there was found to be sufficient power (power = .80) to detect significant interactions for 

schools and testing occasions but not to detect significant interactions for the other inde-

pendent variables.  Thus, data for those variables were examined as the main effects of 

the model.     
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Assumptions of Repeated Measures 

The following assumptions of repeated measures described by Mertler and Van-

natta (2001) were considered in this study:   

1.  The observations within each sample must be randomly sampled and must be 

independent of one another. Because the design was a repeated measures de-

sign using subjects as their own control, meeting this assumption was not re-

quired. 

2.  The distributions of scores on the dependent variable must be normal in the 

populations from which the data were sampled. This assumption was met after 

the removal of outliers. 

3.  The assumption of sphericity, which is the most critical assumption in the mul-

tivariate model as related to homogeneity, was met.  In the multivariate model 

(repeated measures ANOVA), Mauchly’s test of sphericity was used in the 

analysis (p = .458 for Null Hypothesis 1; p = .097 for Null Hypothesis 2).  Be-

cause p > .05 for Mauchly’s test, sphericity was assumed for all hypotheses 

(Davis, 2002). 

 

Demographic Characteristics of the Sample 

A total of 89 elementary students in the targeted school district participated in the 

study.  Of the 89 students, 31 (34.8%) attended School A, 17 (19.10%) attended School 

B, and 41 (46.1%) attended School C.  Table 12 displays demographics for the three 

schools participating in the study, including frequencies and sample size for ethnicity, 

gender, level of English proficiency, and level of special education needed.  Individual 
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demographics for the three schools in the study are presented in Tables 13, 14, and 15.   

 

Table 12 

Combined Demographics for Elementary Schools A, B, and C by Ethnicity, Gender, So-
cioeconomic Status, Level of English Proficiency, and Level of Special Education Needed 
 
                        Variable f % of sample 
Ethnicity   

White 16   18.0 
Black 42   47.2 
Hispanic 31   34.8 

Gender   
Male 43   48.3 
Female 46   51.7 

Socioeconomic status   
Paid lunch   6     6.7 
Free and reduced lunch 83   93.3 

Level of English proficiency   
Non-limited English proficiency 60   67.4 
Limited English proficiency 29   32.6 

Level of special education needed   
Non-special education 78   87.6 
Special education 11   12.4 
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Table 13 

Elementary School A Demographics by Ethnicity, Gender, Socioeconomic Status, Level 
of English Proficiency and Level of Special Education Needed 
 
                      Variable f % of sample 
Ethnicity   

White   5    16.1 
Black 14    45.2 
Hispanic 12    39.7 

Gender   
Male 14    45.2 
Female 17    54.8 

Socioeconomic status   
Paid lunch   3      9.7 
Free and reduced lunch 28    90.3 

Level of English proficiency   
Non-limited English proficiency 19    61.3 
Limited English proficiency 12    38.7 

Level of special education needed   
Non-special education 24    77.4 
Special education   7    22.6 

 
 
 
Table 14 

Elementary School B Demographics by Ethnicity, Gender, Socioeconomic Status, Level 
of English Proficiency, and Level of Special Education Needed 
 
                    Variable f % of sample 
Ethnicity   

White   3   17.6 
Black 13   76.5 
Hispanic   1     5.9 

Gender   
Male   7   41.2 
Female 10   58.8 

Socioeconomic status   
Paid lunch   2   11.8 
Free and reduced lunch 15   88.2 

Level of English proficiency   
Non-limited English proficiency 17 100.0 
Limited English proficiency   0     0.0 

Level of special education needed   
Non-special education 15   88.2 
Special education   2   11.8 
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Table 15 

Elementary School C Demographics by Ethnicity, Gender, Socioeconomic Status, Level 
of English Proficiency, and Level of Special Education Needed 
 
                      Variable f % of sample 
Ethnicity   

White   8   19.5 
Black 15   36.6 
Hispanic 18   43.9 

Gender   
Male 22   53.7 
Female 19   46.3 

Socioeconomic status   
Paid lunch   1     2.4 
Free and reduced lunch 40   97.6 

Level of English proficiency   
Non-limited English proficiency 24   58.5 
Limited English proficiency 17   41.5 

Level of special education needed   
Non-special education 39   95.1 
Special education   2     4.9 

   
 

Findings of Statistical Analysis for Null Hypothesis 1 

ANOVA with repeated measures was used to test Null Hypothesis 1:  There will 

be no significant interaction in math achievement as measured by NCE scores on the Pro-

cedures subtest of the SAT 10 over a 3-year period for students in three high pov-

erty schools in a single school system whose teachers had participated in the MMI.  The 

analysis was performed by using SPSS (Version 15.0).  Descriptive statistics were com-

puted to provide additional understanding of the data. As previously noted, the dependent 

variable, student achievement, and the independent variables, (a) ethnic background, (b) 

gender, (c) socioeconomic status, (d) level of English proficiency, (e) level of special 

education needed, and (f) school student attended, were examined. The dependent vari-

able examined was NCE scores for the SAT 10 Procedures subtest from 2004-2006.  Ta-
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ble 16 provides descriptive statistics for NCE scores for the SAT 10 Procedures subtest 

that were reported by school. 

 

Table 16 

Descriptive Statistics for NCE Scores for the SAT 10 Procedures Subtest for All Testing 
Occasions by School 
                                

 2004 2005 2006 
School n M SD n M SD n M SD 
A 25 26.63 12.01 25 44.85 19.87 25 53.77 20.96
B 16 45.11 23.30 16 49.52 24.81 16 60.76 21.89
C 41 44.46 22.17 41 44.88 19.60 41 46.27 18.03

 
 

Statistically Significant Findings for Null Hypothesis 1 
 

The null hypothesis of no significant interaction was rejected for the independent 

variable, school (F = 7.78, df = 4, p < .001). These findings showed statistical signifi-

cance between time (testing occasions) and school. As shown in Table 17, Pillai’s Trace 

value (p < .001) indicates the significance in the multivariate model.  In addition, there 

was significant interaction between scores and time (testing occasions; F = 25.57, df = 2, 

p < .001).  The interaction between time (testing occasions) and school is linear and ac-

counts for approximately 29.8% of variability in the dependent variable, year. The inter-

action between scores and time (testing occasions) also is linear.  Descriptive statistics for 

all independent variables for all testing occasions are presented in Table 18.   
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Table 17 

Multivariate Tests for NCE Scores for the SAT 10 Procedures Subtest 
 
       Effect Source F df Significance Partial η2 
Time Pillai's Trace 25.57 2  <.001 .396 
Time * School Pillai's Trace   7.78 4  <.001 .165 
Time Linear 51.53 1  <.001 .395 
Time * School Linear 16.76 2  <.001 .298 
 
  

 
Table 18 
 
Descriptive Statistics for NCE Scores for the SAT 10 Procedures Subtest for Ethnicity, 
Gender, Socioeconomic Status, Level of English Proficiency and Level of Special Educa-
tion Needed for All Testing Occasions 
 

 2004 2005 2006 
               Variable n M SD N M SD n M SD 
Ethnicity          

White 14 39.16 16.80 14 40.74 24.09 14 45.30 20.81
Black 38 39.69 22.61 38 44.06 20.19 38 54.39 20.92
Hispanic 30 38.93 22.21 30 50.31 19.15 30 50.42 19.16

Gender          
Male 42 39.58 21.58 42 47.06 21.27 42 49.02 20.36
Female 40 39.70 21.37 40 44.04 20.03 40 53.86 20.18

Socioeconomic status          
Paid lunch 76 39.00 21.65 76 45.26 20.35 76 50.91 20.49
Free and reduced lunch   6 41.12 18.61   6 52.77 24.37   6 57.40 18.03

Level of English profi-
ciency          

Non-limited English 
proficiency 54 39.97 21.18 54 44.25 21.53 54 51.48 20.89
Limited English profi-
ciency 28 37.58 21.97 28 48.91 18.68 28 51.19 19.47

Level of special education 
needed          

Non-special education 74 41.73 20.71 74 48.36 19.67 74 54.10 18.84
Special education   8 15.25 8.87   8 21.90 12.21   8 26.29 16.15
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Line graphs were plotted to illustrate the trend of performance on the SAT 10 

Procedures subtest across testing occasions.  As shown in Figure 1, there was a constant 

and linear increase in mean scores for this subtest across testing occasions.   
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Figure 1.  NCE scores for the SAT 10 Procedures subtest across testing occasions.  

 

 Although the findings showed statistical significance between time (testing occa-

sions) and school, there was insufficient evidence to reject Null Hypothesis 1 for the 

other independent variables.  This finding can be explained, in part, by the small sample 

sizes in many of the cells.  The sample sizes were too small to detect a statistically sig-

nificant interaction even if one existed.  Thus, these variables were examined as main ef-

fects by using independent t tests, paired t tests, and one-way ANOVA.  To determine 

whether the differences in means between categories of independent variables were sta-
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tistically significant at baseline, at one year of intervention, and at 2 years of intervention, 

the researcher conducted independent t tests for gender, socioeconomic status, level of 

English proficiency, and level of special education needed, and one-way ANOVA for 

ethnicity.  To determine whether the differences over time of all categories of independ-

ent variables were significant, paired t tests were conducted.  Results of independent t 

tests are presented in Table 19, those for one-way ANOVA are given in Table 20, and 

those for paired t tests are displayed in Tables 21 and 22.     

 

Table 19 

Independent t Tests for NCE Scores for the SAT 10 Procedures Subtest for Gender, 
Socioeconomic Status, Level of English Proficiency, and Level of Special Education 
Needed 
 
                   Variable Year t Significance (2-tailed) 
Gender 2004  0.184 .854 
  2005  0.573 .568 
  2006 -1.080 .283 
Socioeconomic status 2004 -0.233 .816 
 2005 -0.862 .391 
 2006 -0.752 .454 
Level of English proficiency 2004  0.478 .634 
 2005 -0.929 .355 
  2006  0.061 .952 
Level of special education needed 2004  3.566 .001 
  2005  3.715                <.001 
  2006  4.020                <.001 

 
 

Table 20 

One-way ANOVA for Ethnicity for NCE Scores for the SAT 10 Procedures Subtest 
 
Year df F Significance 
2004 2, 79 0.028 .972 
2005 2, 79 1.288 .281 
2006 2, 79 1.082 .344 
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Table 21 

Paired t Tests for NCE Scores for the SAT 10 Procedures Subtest Between 2004 and 
2006 for School, Ethnicity, Gender,  Socioeconomic Status, Level of English Proficiency, 
and Level of Special Education Needed 
  

Level of categorical pairing for 2004 and 2006 t df Significance 
School    

School A -7.662 24 <.001 
School B -3.904 15   .001 
School C -0.651 40   .519 

Ethnicity    
White -1.657 13   .121 
Black -4.427 37 <.001 
Hispanic -2.700 29   .009 

Gender    
Male -2.918 41   .006 
Female -4.807 39 <.001 

Socioeconomic status    
Free and reduced lunch -4.923 75 <.001 
Paid lunch -3.266   5   .022 

Level of English proficiency    
Limited English proficiency -3.314 27 <.001 
Non-limited English proficiency -4.212 53 <.001 

Level of special education needed    
Special education -2.171   7   .067 
Non-special education -5.020 73 <.001 

 

 

Table 22 

Paired t Tests for NCE Scores for the SAT 10 Procedures Subtest Between 2004 and 
2005 and Between 2005 and 2006 for School 
 

 2004-2005 2005-2006 
School t df Significance t df Significance 
A -6.249 24 <.001 -3.712 24 .001 
B -0.982 15   .341 -2.100 15 .053 
C -0.154 40   .879 -0.609 40 .546 

 
 
 
 As shown in Figure 2, Schools A and B experienced statistically significant gains 

in NCE scores for the SAT 10 Procedures subtest between 2004 and 2006; furthermore, 
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School A experienced statistically significant gains at each testing occasion.  School C 

experienced gains in SAT 10 Procedures subtest NCE scores that were not found to be 

statistically significant. 
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Figure 2.  NCE scores for the SAT 10 Procedures subtest reported by school. 

 

The following findings are reported by independent variable:   

1. At baseline, mean NCE scores for the SAT 10 Procedures subtest for Black 

and Hispanic students were similar to mean NCE scores for White students (M 

= 39.69 for Black students; M = 39.93 for Hispanic students; M = 39.16 for 

White students); after 2 years of intervention by an MMI-trained teacher, 
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mean NCE scores for the SAT 10 Procedures subtest for Black and Hispanic 

students were higher than mean NCE scores for White students (M = 54.39 for 

Black students; M = 50.42 for Hispanic students; M = 45.30 for White stu-

dents).  On the basis of results of one-way ANOVA, the difference in mean 

NCE scores for the SAT 10 Procedures for ethnicity was not found to be sta-

tistically significant at baseline (F = 0.028, df = 2, 79, p = .972), or after 2 

years of intervention (F = 1.082, df = 2, 79, p = .344).  Findings of paired t 

tests for mean NCE scores for the SAT 10 Procedures subtest for Black stu-

dents over the 3 years of the study showed a statistically significant gain (t =   

-4.427, df = 37, p < .001).  Findings of paired t tests for mean NCE scores for 

the SAT 10 Procedures subtest for Hispanic students over the 3 years of the 

study showed a statistically significant gain (t = -2.790, df = 29, p = .009).  

Findings of paired t tests for mean NCE scores for the SAT 10 Procedures 

subtest for White students over the 3 years of the study failed to show a sig-

nificant gain (t = -1.657, df = 13, p = .121).   

2. At baseline, mean NCE scores for the SAT 10 Procedures subtest for female 

students were slightly higher than mean NCE scores for male students (M = 

39.58 for male students, M = 39.70 for female students); after 2 years of inter-

vention by an MMI-trained teacher, mean NCE scores for female students 

were considerably higher than mean NCE scores for male students (M = 49.02 

for male students, M = 53.86 for female students).  On the basis of results of 

independent t tests, the difference in mean NCE scores for the SAT 10 Proce-

dures subtest for gender was not found to be statistically significant at baseline 

(t = 0.184, df = 80, p = .854), or after 2 years of intervention (t = -1.080, df = 
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80, p = .283).  Findings of paired t tests for mean NCE scores for the SAT 10 

Procedures subtest for male students over the 3 years of the study showed a 

statistically significant gain (t = -2.918, df = 41, p = .006).  Findings of paired 

t tests for mean NCE scores for the SAT 10 Procedures subtest for female stu-

dents over the 3 years of the study showed a statistically significant gain (t =   

-4.807, df = 39, p < .001).   

3. At baseline, mean NCE scores for the SAT 10 Procedures subtest for students 

who received subsidies for lunches were similar to mean NCE scores for stu-

dents who paid for their lunches (M = 39.00 for students who received subsi-

dies for lunches; M = 41.12 for students who paid for their lunches); after 2 

years of intervention by an MMI-trained teacher, mean NCE scores for the 

Procedures subtest for students who paid for their lunches remained higher 

than mean NCE scores for students who received subsidies for their lunches 

(M = 50.91 for students who received subsidies for their lunches; M = 57.40 

for students who paid for their lunches).  On the basis of independent t tests, 

the difference in mean scores for the SAT 10 Procedures subtest for socioeco-

nomic status was not found to be statistically significant at baseline (t =           

-0.233, df = 80, p = .816), or after 2 years of intervention (t = -0.752, df = 80, 

p = .454).  Findings of paired t tests for mean NCE scores for the SAT 10 Pro-

cedures subtest for students who received subsidies for their lunches showed a 

statistically significant gain (t = -4.923, df = 75, p < .001) over the 3 years of 

the study.  Findings of paired t tests for mean NCE scores for the SAT 10 Pro-

cedures subtest for students who paid for their lunches showed a statistically 

significant gain (t = -3.266, df = 5, p = .022).       
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4. At baseline, mean NCE scores for the SAT 10 Procedures subtest for LEP stu-

dents were lower than mean NCE scores for non-LEP students (M = 37.58 for 

LEP students; M = 39.97 for non-LEP students); after 2 years of intervention 

by an MMI-trained teacher, mean NCE scores for the SAT 10 Procedures sub-

test for LEP students remained lower than mean NCE scores for non-LEP stu-

dents (M = 51.19 for LEP students; M = 51.48 for non-LEP students).  On the 

basis of results of independent t tests, the difference in mean NCE scores for 

the SAT 10 Procedures subtest for English proficiency was not found to be 

statistically significant at baseline (t = 0.478, df = 80, p = .634), or after 2 

years of intervention (t = 0.061, df = 80, p = .952).  Findings of paired t tests 

for mean NCE scores for the SAT 10 Procedures subtest for LEP students 

over the 3 years of the study showed a statistically significant gain (t = -3.314, 

df = 27, p = .003).  Findings of paired t tests for mean NCE scores for the SAT 

10 Procedures subtest for non-LEP students over the 3 years of the study 

showed a statistically significant gain (t = -4.212, df = 53, p < .001).     

5. At baseline, mean NCE scores for the SAT 10 Procedures subtest for special 

education students were lower than mean NCE scores for non-special educa-

tion students (M = 15.25 for special education students; M = 41.73 for non-

special education students); after 2 years of intervention by an MMI-trained 

teacher, mean NCE scores for the SAT 10 Procedures subtest for special edu-

cation students continued to be lower than mean NCE scores for non-special 

education students (M = 26.29 for special education students; M = 54.10 for 

non-special education students).  On the basis of results of independent t tests, 

the difference in mean NCE scores for the SAT 10 Procedures subtest for spe-
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cial education was found to be statistically significant at baseline (t = 3.566,  

df = 80, p = .001), and after 2 years of intervention (t = 4.020, df = 80, p < 

.001).  Findings of paired t tests for mean NCE scores for the SAT 10 Proce-

dures subtest for special education students over the 3 years of the study failed 

to show a statistically significant gain (t = -2.171, df = 7, p = .067); however, a 

trend was noted toward statistical significance.  (A trend toward statistical 

significance is noted when p ≤ 1.0; G. Abbott, personal communication, May 

11, 2007.)  Findings of paired t tests for mean NCE scores for the SAT 10 

Procedures subtest for non-special education students over the 3 years of the 

study showed a statistically significant gain (t = -5.020, df = 73, p < .001).     

 

Conclusions for Null Hypothesis 1 

For Null Hypothesis 1, the null hypothesis of no significant interaction was re-

jected for the independent variable, school (F = 7.78, df = 4, p < .001).  These findings 

showed statistical significance between time (testing occasions) and school. In addition, 

there was significant interaction between scores and time (testing occasions; F = 25.57,  

df = 2, p < .001).  There was insufficient evidence to reject Null Hypothesis 1 for the 

other independent variables.  This finding can be explained in part by the small sample 

sizes in many of the cells. Independent t tests comparing scores for categories of inde-

pendent variables at baseline and after 2 years of intervention by an MMI-trained teacher 

were only significant for special education (p = .001, p < .001, respectively).   Paired t 

tests comparing mean NCE scores for the SAT 10 Procedures subtest for each category of 

independent variable at baseline and final testing occasions (2004 and 2006, respectively) 

were significant for Black, Hispanic, male, female, subsidized student, non-subsidized 
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student, LEP, non-LEP, and non-special education students, and not significant for White 

and special education students.   

 

Findings of Statistical Analysis for Null Hypothesis 2 

ANOVA with repeated measures was used to test Null Hypothesis 2: There will 

be no significant interaction in mathematics achievement as measured by NCE scores on 

the Problem Solving subtest of the SAT 10 over a 3-year period for students in three high 

poverty schools in a single school system whose teachers had participated in the MMI.  

The analysis using SPSS (Version 15.0) indicated that Null Hypothesis 2 was rejected for 

all schools across testing occasions.  Descriptive statistics, displayed in Table 23, provide 

an additional examination of the data. As in Null Hypothesis 1, the independent variables 

examined were (a) ethnic background, (b) gender, (c) socioeconomic status, (d) level of 

English proficiency, (e) level of special education needed, and (f) school student at-

tended.   

 

Table 23 
 
Descriptive Statistics for NCE Scores for the SAT 10 Problem Solving Subtest for All 
Testing Occasions by School 
 

 2004 2005 2006 
School n M SD n M SD n M SD 
A 27 30.73 16.63 27 39.29 21.87 27 43.89 18.02 
B 16 41.18 14.92 16 48.08 26.65 16 48.37 20.74 
C 40 41.12 17.65 40 46.79 18.15 40 42.48 18.54 

 
 

As indicated in Table 23, there was a sizeable difference in the total mean scores 

for the SAT 10 Problem Solving subtest between 2004 (M = 37.75) and 2005 (M = 
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44.60).  However, in 2006, there was a slight decrease in the total mean (M = 44.07).  In 

2005, the highest scores for Schools B and C were obtained. Other independent variables 

(gender, socioeconomic status, English proficiency, and special education) were not in-

cluded in the model because the small sizes of cells caused insufficient power.  The small 

sample size resulted in exclusion of these variables from the multivariate model, but they 

were examined in the univariate model.  

 

Statistically Significant Findings for Null Hypothesis 2 

The null hypothesis of no significant interaction was rejected for the independent 

variable, school (F = 3.35, df = 4, p = .011), as shown in Table 24.  In addition, there was 

significant interaction between scores and time (testing occasions; F = 11.18, df = 2,        

p < .001).  The data for scores across testing occasions are quadratic in nature and ac-

count for 5.2% of the total variability in scores.  A quadratic effect is observed when 

there are more than two time points and is more complex than a linear relationship is 

found to be.  The most complex effect is utilized for interpretation; therefore, the quad-

ratic effect was interpreted. On the other hand, interaction between time (testing occa-

sions) and school is linear, with two points.  Descriptive statistics for all independent 

variables for all testing occasions are presented in Table 25.   

 

Table 24 

Multivariate Tests for NCE Scores for the SAT 10 Problem Solving Subtest 
 
Effect Source F df Significance Partial η2 
Time Pillai's Trace 11.18 2 <.001  .221 
Time * School Pillai's Trace  3.35 4    .011 .077 
Time Quadratic  4.39 1     .039  .052 
Time * School Linear  6.21 2     .003  .134   
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Table 25 
 
Descriptive Statistics for NCE Scores for the SAT 10 Problem Solving Subtest for Ethnic-
ity, Gender, Socioeconomic Status, Level of English Proficiency and Level of Special 
Education Needed  for All Testing Occasions 
 

  2004   2005   2006  
             Variable n M SD n M SD n M SD 
Ethnicity          

White 15 40.25 19.57 15 44.21 26.21 15 40.47 20.92
Black      38 36.64 15.76 38 42.68 21.46 38 44.39 18.68
Hispanic 30 37.92 18.53 30 47.22 18.64 30 45.47 18.01

Gender          
Male 40 39.87 16.85 40 46.81 20.98 40 45.24 19.34
Female 43 35.78 17.75 43 42.54 21.57 43 42.99 18.27

Socioeconomic status          
Paid lunch 78 37.22 16.96 78 44.01 21.07 78 43.75 18.72
Free and reduced 
lunch   5 46.06 23.10   5 53.72 24.75   5 49.14 19.94

Level of English profi-
ciency          

Non-limited English 
proficiency 55 38.18 16.81 55 43.64 22.40 55 43.36 19.31
Limited English pro-
ficiency 28 36.90 18.62 28 46.49 19.08 28 45.46 17.73

Level of special educa-
tion needed          

Non-special educa-
tion 
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40.05

 
16.77 
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48.08

 
19.69 
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46.29 

 
18.39

Special education   9 18.80   7.93   9 16.01 8.23   9 25.88   9.08
 

 

To illustrate the findings, a line graph for mean NCE scores for the SAT 10 Prob-

lem Solving subtest across testing occasions was plotted. Figure 3 clearly shows there 

was an increase in mean NCE scores for the Problem Solving subtest between 2004 and 

2005; this result was not surprising because teachers were excited about implementing 

the MMI.  However, between 2005 and 2006, there was no significant change, with the 

mean score constant at 43.  One plausible explanation is that the impact of innovation 

was greatest at the initial point of exposure.  Another explanation would be related to the 



70 

 

change in number of mathematics coaches serving MMI-trained teachers.  In 2004-2005, 

there were four mathematics coaches who served 57 MMI-trained kindergarten and third-

grade teachers in the eight MMI schools at the time of the study.  Total time spent by 

mathematics coaches in each school averaged 8 hr per week; which was considered to be 

an ideal scenario in the MMI program.  Of the eight MMI schools, three were identified 

for use in the study based on the criteria stated in chapter 1.  In 2005-2006, because of 

funding issues, the number of mathematics coaches was decreased to two coaches serving 

109 MMI-trained teachers.  During the summer of 2005, first- and fourth-grade teachers 

received training in the MMI; therefore, the number of teachers who received mathemat-

ics coaching services for the MMI increased from 57 to 109 at the same time that the 

number of mathematics coaches declined from four to two.  Because of the reduction in 

the coach-to-teacher ratio, the total time spent by mathematics coaches in each school 

dropped to 8 hr every other week, with less time spent per teacher.   



71 

 

Year
200620052004

M
ea

n 
N

C
E 

Sc
or

es

50

45

40

35

30

25

20

15

10

5

0

 

Figure 3.  NCE scores for the SAT 10 Problem Solving subtest across testing occasions. 
 
 

Although the findings showed statistical significance between time (testing occa-

sions) and school and between scores and time (testing occasions) and resulted in reject-

ing Null Hypothesis 2 for the SAT 10 Problem Solving subtest by school and over time, 

there was insufficient evidence to reject Null Hypothesis 2 for the other independent 

variables.  This finding can be explained, in part, by the small sample sizes in many of 

the cells.  The sample sizes were too small to detect a statistically significant interaction 

even if one existed.  The variables were examined as main effects in the repeated meas-

ures model by using independent t tests, paired t tests, and one-way ANOVA.  Determin-

ing whether the differences in means between categories of independent variables were 
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statistically significant was accomplished by conducting independent t tests for gender, 

socioeconomic status, level of English proficiency, and level of special education needed. 

One-way ANOVA was carried out for ethnicity.  Paired t tests were conducted to deter-

mine whether the differences over time of all categories of independent variables were 

significant.  Results of independent t tests are presented in Table 26, those for one-way 

ANOVA are given in Table 27, and those for paired t tests are displayed in Table 28 and 

29. 

 

Table 26  

Independent t Tests for NCE Scores for the SAT 10 Problem Solving Subtest for Gender, 
Socioeconomic Status, Level of English Proficiency, and Level of Special Education  
Needed 
 
                   Variable Year t Significance (2-tailed) 
Gender 2004  1.073 .286 
  2005  0.912 .365 
  2006  0.545 .587 
Socioeconomic 2004 -1.107 .271 
Status 2005 -0.989 .325 
  2006 -0.622 .535 
Level of English proficiency 2004  0.318 .751 
  2005 -0.577 .566 
  2006 -0.481 .632 
Level of special education needed 2004  3.737               <.001 
  2005  4.815               <.001 
  2006  3.267 .002 

 
 

Table 27 

One-Way ANOVA for Ethnicity for NCE Scores for the SAT 10 Problem Solving  
Subtest 
 

Year df F Significance 
2004 2, 80 .23 .79 
2005 2, 80 .37 .68 
2006 2, 80 .36 .69 
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Table 28 
 
Paired t Tests for NCE Scores for the SAT 10 Problem Solving Subtest Between 2004  
and 2006 for School, Ethnicity, Gender,  Socioeconomic Status, Level of English Profi-
ciency, and Level of Special Education Needed  
 
Level of categorical pairing for 2004-2006 t df Significance 
School    

School A -4.454 26         <.001 
School B -2.133 15 .050 
School C -0.714 39 .480 

Ethnicity    
White -0.062 14 .952 
Black -3.273 37 .002 
Hispanic -2.989 29 .006 

Gender    
Male -2.103 39 .042 
Female -3.786 42         <.001 

Socioeconomic status    
Free and reduced lunch -3.936 77         <.001 
Paid lunch -0.946   4 .398 

Level of English proficiency    
Limited English proficiency -2.599 54 .012 
Non-limited English proficiency -3.403 27 .002 

Level of special education needed    
Special education -2.209   8 .058 
Non-special education -3.614 73 .001 

 
 
 
Table 29 

Paired t Tests for NCE Scores for the SAT 10 Problem Solving Subtest Between 2004 and 
2005 and Between 2005 and 2006 for School  
 

 2004-2005 2005-2006 
School t df Significance t df Significance 
A -2.163 26 .040 -1.670 26 .107 
B -1.629 15 .124 -0.069 15 .946 
C -2.815 39 .008   2.028 39 .049 

 

 A line graph for Problem Solving NCE scores across schools and across testing 

occasions was also plotted. As shown in Figure 4, Schools A and B experienced statisti-

cally significant gains in NCE scores for the SAT 10 Problem Solving subtest between 
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2004 and 2006; furthermore, Schools A and C experienced statistically significant gains 

in the first year of the study,  2004-2005.  Last, School C experienced a statistically sig-

nificant loss in NCE scores for the SAT 10 Problem Solving subtest between 2005 and 

2006.   
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Figure 4.  NCE scores for the SAT 10 Problem Solving subtest reported by school. 
 
 

The following findings are reported: 

1. At baseline, mean NCE scores for the SAT 10 Problem Solving subtest for 

Black and Hispanic students were lower than mean NCE scores for White stu-

dents (M = 36.64 for Black students; M = 37.92 for Hispanic students; M = 

40.25 for White students); after 2 years of intervention by an MMI-trained 

teacher, mean NCE scores for the SAT 10 Problem Solving subtest for Black 
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and Hispanic students were higher than mean NCE scores for White students 

(M = 44.39 for Black students; M = 45.47 for Hispanic students; M = 40.47 

for White students).  Although the difference in mean NCE scores for the SAT 

10 Problem Solving subtest for ethnicity was not found to be statistically sig-

nificant at baseline (F = 0.23, df = 2, 80, p = .79), or after 2 years of interven-

tion (F = 0.36, df = 2, 80, p = .69), the researcher believes the difference is 

noteworthy in that mean NCE scores for Black and Hispanic students were 

lower than mean NCE scores for White students at baseline but were higher 

after 2 years of intervention.   Findings of paired t tests for mean NCE scores 

for the SAT 10 Problem Solving subtest for Black students over the 3 years of 

the study showed a statistically significant gain (t = -3.273, df = 37, p = .002). 

Findings of paired t tests for mean NCE scores for the SAT 10 Problem Solv-

ing subtest for Hispanic students over the 3 years of the study showed a statis-

tically significant gain (t = -2.989, df = 29, p = .006).  Findings of paired t 

tests for mean NCE scores for the SAT 10 Procedures subtest for White stu-

dents over the 3 years of the study failed to show a significant gain (t =           

-0.062, df = 14, p = .952).   

2. At baseline, mean NCE scores for the SAT 10 Problem Solving subtest for 

male students were higher than mean NCE scores for female students (M = 

39.87 for male students; M = 35.78 for female students); after 2 years of inter-

vention by an MMI-trained teacher, mean NCE scores for the SAT 10 Prob-

lem Solving subtest for male students remained higher than mean NCE scores 

for female students (M = 45.24 for male students; M = 42.99 for female stu-

dents).  The difference in mean NCE scores for the SAT 10 Problem Solving 
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subtest for gender was not found to be statistically significant at baseline (t = 

1.073, df = 81, p = .286), or after 2 years of intervention (t = 0.545, df = 81, p 

= .587).  Findings of paired t tests for mean NCE scores for the SAT 10 Prob-

lem Solving subtest for male students over the 3 years of the study showed a 

statistically significant gain (t = -2.103, df = 39, p = .042).  Findings of paired 

t tests for mean NCE scores for the SAT 10 Problem Solving subtest for fe-

male students over the 3 years of the study showed a statistically significant 

gain (t = -3.786, df = 42, p < .001).   

3. At baseline, mean NCE scores for the SAT 10 Problem Solving subtest for 

students who received subsidies for lunches were lower than mean NCE 

scores for students who paid for their lunches (M = 37.22 for students who re-

ceived subsidies for lunches; M = 46.06 for students who paid for their 

lunches); after 2 years of intervention by an MMI-trained teacher, mean NCE 

scores for the SAT 10 Problem Solving subtest for students who received sub-

sidies for their lunches remained lower than mean NCE scores for students 

who paid for their lunches (M = 43.75 for students who received subsidies for 

their lunches; M = 49.14 for students who paid for their lunches).  The differ-

ence in mean NCE SAT 10 Problem Solving subtest scores for socioeconomic 

status was not found to be statistically significant at baseline (t = -1.107, df  =  

81, p = .271), or after 2 years of intervention (t = -0.622, df = 81, p = .535).  

Findings of paired t tests for mean NCE scores for the SAT 10 Problem Solv-

ing subtest for students who received subsidies for their lunches showed a sta-

tistically significant gain (t = -3.936, df = 77, p < .001) over the 3 years of the 

study.  Findings of paired t tests for mean NCE scores for the SAT 10 Prob-
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lem Solving subtest for students who paid for their lunches showed a statisti-

cally significant gain (t = -0.946, df = 4, p = .398).         

4. At baseline, mean NCE scores for the SAT 10 Problem Solving subtest for 

LEP students were lower than mean NCE scores for non-LEP students (M = 

36.90 for LEP students; M = 38.17 for non-LEP students); after 2 years of in-

tervention by an MMI-trained teacher, mean NCE scores for the SAT 10 

Problem Solving subtest for LEP students were higher than mean NCE scores 

for non-LEP students (M = 45.46 for LEP students; M = 43.36 for non-LEP 

students).  Although the difference in mean NCE scores for the SAT 10 Prob-

lem Solving subtest for English proficiency (LEP and non-LEP) was not 

found to be statistically significant at baseline (t = 0.318, df = 81, p = .751), or 

after 2 years of intervention (t = -0.481, df = 81, p = .632), the researcher be-

lieves it is noteworthy that scores of LEP students started lower than but 

ended higher than scores of non-LEP students on this subtest after 2 years of 

intervention.  Findings of paired t tests for mean NCE scores for the SAT 10 

Problem Solving subtest for LEP students over the 3 years of the study 

showed a statistically significant gain (t = -2.599, df = 54, p = .012).  Findings 

of paired t tests for mean NCE scores for the SAT 10 Problem Solving subtest 

for non-LEP students over the 3 years of the study showed a statistically sig-

nificant gain (t = -3.403, df = 27, p = .002).     

5.  At baseline, mean NCE scores for the SAT 10 Problem Solving subtest for 

special education students were significantly lower than mean NCE scores for 

non-special education students (M = 18.80 for special education students; M = 

40.05 for non-special education students; t = 3.737, df = 81, p < .001); after 2 
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years of intervention by an MMI-trained teacher, mean NCE scores for Prob-

lem Solving for special education students continued to be significantly lower 

than mean NCE scores for non-special education students (M = 25.88 for spe-

cial education students; M = 46.29 for non-special education students; t = 

3.267, df = 81, p = .002).  Although the significant difference in mean NCE 

scores for the SAT 10 Problem Solving subtest for special education was ex-

pected at both baseline and after 2 years of intervention by an MMI-trained 

teacher, the researcher believes it is noteworthy that special education students 

made substantial gains on this subtest after 2 years of intervention.   Findings 

of paired t tests for mean NCE scores for the SAT 10 Problem Solving subtest 

for special education students over the 3 years of the study failed to show a 

statistically significant gain (t = -2.209, df = 8, p = .058); however, a trend 

was noted toward statistical significance.  (A trend toward statistical signifi-

cance is noted when p ≤ 1.0; G. Abbott, personal communication, May 11, 

2007).  Findings of paired t tests for mean NCE scores for the SAT 10 Prob-

lem Solving subtest for non-special education students over the 3 years of the 

study showed a statistically significant gain (t = -3.614, df = 73, p = .001).     

 

Conclusions for Null Hypothesis 2 

For Null Hypothesis 2, the null hypothesis of no significant interaction was re-

jected for the independent variable, school (F = 3.35, df = 4, p = .011).  In addition, there 

was significant interaction between scores and time (testing occasions; F = 11.18, df = 2, 

p < .001).  There was insufficient evidence to reject Null Hypothesis 2 for the other inde-

pendent variables.  This lack of evidence can be explained in part by the small sample 
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size of the cells.  Independent t tests were significant for special education only (p < 

.001).   Paired t tests comparing mean NCE scores for the SAT 10 Problem Solving sub-

test for each category of independent variable at baseline and final testing occasions 

(2004 and 2006, respectively) were significant for Black, Hispanic, male, female, subsi-

dized, LEP, non-LEP, and non-special education students and were not significant for 

White, unsubsidized, and special education students.   

 

Findings of Statistical Analysis for Null Hypothesis 3 

ANOVA with repeated measures and descriptive statistics were used to examine 

Null Hypothesis 3: There will be no significant interaction in mathematics achievement 

as measured by scale scores on the ARMT Math subtest over a 2-year period for students 

in three high poverty schools from a single school system whose teachers participated in 

the MMI. As in the first null hypothesis, the independent variables examined were (a) 

ethnic background, (b) gender, (c) socioeconomic status, (d) level of English proficiency, 

(e) level of special education needed, and (f) school student attended.     

On average, there was a slight increase in performance in the ARMT Math subtest 

scores in 2006 as compared to those from 2005.  In both years, School B performed better 

than Schools A and C did.  Table 30 displays descriptive statistics for the ARMT Math 

scale scores for 2005 and 2006. 
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Table 30 

Descriptive Statistics for Scale Scores for the ARMT Math Subtest  
 

 2005 2006 
School n M SD n M SD 
A 29 613.10 40.35 29 625.41 37.56 
B 17 629.65 47.17 17 622.59 35.45 
C 39 625.87 37.87 39 619.85 36.07 

 
 
 
Statistically Significant Findings for Null Hypothesis 3 

The null hypothesis of no significant interaction was rejected for the independent 

variable, school (F = 3.43, df = 2, p = .037), as shown in Table 31.  The interaction be-

tween testing occasions and school is linear and accounts for approximately 7.7% of vari-

ability in the dependent variable.  Descriptive statistics for all independent variables for 

all testing occasions are presented in Table 32.   

 

Table 31  

Multivariate Tests for Scale Scores for the ARMT Math Subtest 
 
        Effect Source df F Significance Partial η2 
Time Pillai's Trace 1 0.128 .722 .002 
Time * School Pillai's Trace 2 3.430 .037 .077 
Time Linear 1 0.128 .722 .002 
Time * School Linear 2 3.430 .037 .077 
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Table 32 

Descriptive Statistics for Scale Scores for the ARMT Math Subtest for Ethnicity,  
Gender, Socioeconomic Status, Level of English Proficiency, and Level of Special  
Education Needed for Both Testing Occasions 
 

 2005 2006 
                      Variable n M SD n M SD 
Ethnicity       

White 14 617.64 40.50 14 612.43 34.80
Black 40 622.10 43.00 40 621.85 37.34
Hispanic 31 624.58 39.00 31 627.32 35.26

Gender       
Male 41 624.83 39.61 41 625.34 35.14
Female 44 619.89 42.11 44 619.45 37.18

Socioeconomic status       
Paid lunch 79 621.29 40.71 79 621.05 34.64
Free and reduced lunch   6 635.17 42.95   6 638.67 37.00

Level of English proficiency       
Non-limited English proficiency 56 621.14 41.41 56 619.27 36.18
Limited English proficiency 29 624.45 41.00 29 628.14 35.90

Level of special education needed       
Non-special education 76 628.03 38.23 76 626.32 35.63
Special education   9 573.67 27.63   9 588.33 18.53

 
 

To further explain the trend of performance in procedures between testing occa-

sions, line graphs were plotted. As shown in Figure 5, there was a constant and linear in-

crease in means for the ARMT Math scores between 2005 and 2006. 
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Figure 5.  Scale scores for the ARMT Math subtest between testing occasions. 
 
 

Although the findings for the ARMT Math subtest scores showed a statistically 

significant interaction effect  between time (testing occasions) and school, there was in-

sufficient evidence to reject Null Hypothesis 3 for the other independent variables (gen-

der, socioeconomic status, English proficiency, and special education).  This finding can 

be explained, in part, by the small sample sizes in many of the cells.  The sample sizes 

were too small to detect a statistically significant interaction even if one existed.  Thus, 

the variables were examined as main effects in the repeated measures model.  Independ-
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ent t tests, paired t tests, and one-way ANOVA were used to explore the data.  To deter-

mine whether the differences in means between categories of independent variables were 

statistically significant, independent t tests were conducted for gender, socioeconomic 

status, level of English proficiency, and level of special education needed. One-way 

ANOVA was carried out for ethnicity.  To determine whether the differences over time 

of all categories of independent variables were significant, paired t tests were conducted.  

Results of independent t tests are presented in Table 33, those for one-way ANOVA are 

given in Table 34, and those for paired t tests are displayed in Table 35. 

 

Table 33  

Independent t tests for Scale Scores for the ARMT Math Subtest for Gender, 
 Socioeconomic Status, Level of English Proficiency, and Level of Special  
Education Needed 
 
                   Variable Year t Significance (2-tailed) 
Gender 2005  0.556  .579 
  2006  0.749  .456 
Socioeconomic status 2005 -0.802   .425 
 2006 -1.154   .252 
Level of English proficiency 2005 -0.353   .725 
  2006 -1.075   .286 
Level of special education needed 2005   4.129 <.001 
  2006   3.133   .002 

 
 
 
Table 34 

One-way ANOVA for Ethnicity for Scale Scores for the ARMT Math Subtest  
 

Year df F Significance 
2005 2, 82 0.138 .872 
2006 2, 82 0.822 .443 
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Table 35 
 
Paired t Tests for Scale Scores for the ARMT Math Subtest Between 2005 and 2006 for 
School, Ethnicity, Gender, Socioeconomic Status, Level of English Proficiency, and Level 
of Special Education Needed 
 
Level of categorical pairing for 2004-2006 t df Significance 
School    

School A  -2.948 28 .006 
School B    0.994 16 .335 
School C    1.215 38 .232 

Ethnicity    
White    1.036 13 .319 
Black    0.048 39 .962 
Hispanic     -0.539 30 .594 

Gender    
Male  -0.130 40 .897 
Female    0.088 43 .930 

Socioeconomic status    
Free and reduced lunch    0.074 78 .941 
Paid lunch   -0.242   5 .818 

Level of English proficiency    
Limited English proficiency  -0.684 28 .499 
Non-limited English proficiency    0.481 55 .632 

Level of special education needed    
Special education     -2.334   8 .048 
Non-special education    0.503  75 .617 

 
 

A line graph was used to display school performance comparisons between the 

scale scores for the ARMT Math subtest in 2005 and 2006. As shown in Figure 6, School 

A experienced a statistically significant gain in scale scores for the ARMT Math subtest 

during the 2nd of the study (2005-2006).  Schools B and C experienced a decline in test 

scores for the ARMT Math subtest that was not found to be statistically significant. 

The researcher expected this finding because of the very high intercorrelation (.99) be-

tween the ARMT Math subtest and the SAT 10 Problem Solving subtest that was re-

ported in the Alabama Reading and Math Test Technical Manual (2005).   
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Figure 6.  Scale score for the ARMT Math subtest reported by school. 

 
 

The following findings are reported: 

1. In 2005, after the first year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for Black and Hispanic students were 

higher than mean scale scores for White students (M = 622.10 for Black stu-

dents; M = 624.58 for Hispanic students; M = 617.64 for White students); in 

2006, after the 2nd year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for Black and Hispanic students con-

tinued to be higher than mean scale scores for White students (M = 621.85 for 
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Black students; M = 627.32 for Hispanic students; M = 612.43 for White stu-

dents).  The difference in mean scale scores for the ARMT Math subtest for 

ethnicity was not found to be statistically significant after the first year of in-

tervention (F = 0.138, df = 2, 82, p = .872), or after the 2nd year of interven-

tion (F = 0.822, df = 2, 82, p = .443).  Findings of paired t tests for mean scale 

scores for the ARMT Math subtest for Black students between 2005 and 2006 

did not show a statistically significant gain (t = 0.048, df = 39, p = .962).  

Findings of paired t tests for mean scale scores for the ARMT Math subtest 

for Hispanic students between 2005 and 2006 did not show a statistically sig-

nificant gain (t = -0.539, df = 30, p = .594).  Findings of paired t tests for mean 

scale scores for the ARMT Math subtest for White students over the 3 years of 

the study failed to show a significant gain (t = 1.036, df = 13, p = .319).   

2. In 2005, after the first year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for male students were higher than 

mean scale scores for female students (M = 624.83 for male students; M = 

619.89 for female students); in 2006, after the 2nd year of intervention by an 

MMI-trained teacher, mean scale scores for the ARMT Math subtest for male 

students continued to be higher than mean scale scores for female students (M 

= 625.34 for male students; M = 619.45 for female students).  The difference 

in mean scale scores for the ARMT Math subtest for gender was not found to 

be statistically significant after the first year of intervention (t = 0.556, df = 

83, p = .579), or after the 2nd year of intervention (t = 0.749, df = 83, p = 

.456).  Findings of paired t tests for mean scale scores for the ARMT Math 

subtest for male students between 2005 and 2006 failed to show a statistically 
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significant gain (t = -0.130, df = 40, p = .897).  Findings of paired t tests for 

mean scale scores for the ARMT Math subtest for female students between 

2005 and 2006 failed to show a statistically significant gain (t = 0.088, df = 

43, p = .930).      

3. In 2005, after the first year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for students who received subsidies 

for lunches were lower than scores for students who paid for their lunches (M 

= 621.29 for students who received subsidies for lunches; M = 635.17 for stu-

dents who paid for their lunches); in 2006, after the 2nd year of intervention 

by an MMI-trained teacher, mean scale scores for the ARMT Math subtest for 

students who received subsidies for their lunches continued to be lower than 

mean scale scores for students who paid for their lunches (M = 621.05 for stu-

dents who received subsidies for their lunches; M = 638.67 for students who 

paid for their lunches).  The difference in mean scale scores for the ARMT 

Math subtest for socioeconomic status was not found to be statistically sig-

nificant after the first year of intervention (t = -0.802, df = 83, p = .425), or af-

ter the 2nd year of intervention (t = -1.154, df = 83, p = .242).  Findings of 

paired t tests for mean scale scores for the ARMT Math subtest for students 

who received subsidies for their lunches failed to show a statistically signifi-

cant gain (t = 0.074, df = 78, p = .941) between 2005 and 2006.  Findings of 

paired t tests for mean scale scores for the ARMT Math subtest for students 

who paid for their lunches failed to show a statistically significant gain (t =     

-0.242, df = 5, p = .818) between 2005 and 2006.       
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4. In 2005, after the first year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for LEP students were higher than 

mean scale scores for non-LEP students (M = 624.45 for LEP students; M = 

621.14 for non-LEP students); in 2006, after the 2nd year of intervention by 

an MMI-trained teacher, mean scale scores for the ARMT Math subtest for 

LEP students continued to be higher than mean scale scores for non-LEP stu-

dents (M = 628.14 for LEP students; M = 619.27 for non-LEP students).  The 

difference in mean scale scores for the ARMT Math subtest for English profi-

ciency was not found to be statistically significant after the first year of inter-

vention (t = -0.353, df = 83, p = .725), or after the 2nd year of intervention (t = 

-1.075, df = 83, p = .286).  Findings of paired t tests for mean scale scores for 

the ARMT Math subtest for LEP students between 2005 and 2006 failed to 

show a statistically significant gain (t = -0.684, df = 28, p = .499).  Findings of 

paired t tests for mean scale scores for the ARMT Math subtest for non-LEP 

students between 2005 and 2006 failed to show a statistically significant gain 

(t = 0.481,  df = 55, p = .632).      

5. In 2005, after the first year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for special education students were 

significantly lower than mean scale scores for non-special education students 

(M = 573.67 for special education students; M = 628.03 for non-special educa-

tion students; t = 4.129, df = 83, p < .001); after 2 years of intervention by an 

MMI-trained teacher, mean scale scores for the ARMT Math subtest for spe-

cial education students continued to be significantly lower than mean scale 

scores for non-special education students (M = 588.33 for special education 
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students; M = 626.32 for non-special education students; t = 3.133, df = 83, p 

= .002).  Although the significant difference in mean scale scores for the 

ARMT Math subtest for special education was expected at both the first and 

2nd years of intervention by an MMI-trained teacher, the researcher believes it 

is noteworthy that special education students made substantial gains on this 

subtest after 2 years of intervention.   Findings of paired t tests for mean scale 

scores for the ARMT Math subtest for special education students between 

2005 and 2006 showed a statistically significant gain (t = -2.334, df = 8, p = 

.048).  Findings of paired t tests for mean scale scores for the ARMT Math 

subtest for non-special education students between 2005 and 2006 failed to 

show a statistically significant gain (t = -0.503, df = 75, p = .617).     

 

Conclusions for Null Hypothesis 3 

Findings for Null Hypothesis 3 showed statistical significance between testing oc-

casions for the ARMT Math subtest across all schools (F = 3.430, df = 2, p = .037), but 

there was insufficient evidence to reject Null Hypothesis 3 for the other independent 

variables.  Independent t tests were significant for special education at both testing occa-

sions.  Paired t tests comparing mean scale scores for the ARMT Math subtest for each 

category of independent variable between testing occasions in 2005 and 2006 were sig-

nificant for special education students, only.  

 

Summary 

 In analyzing the study data for each of the null hypotheses, the researcher noted a 

statistical significance for the interaction between time (testing occasions) and schools.  
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Additionally, there was a significant interaction between mean NCE scores for the SAT 

10 Procedures and Problem Solving subtests and time (testing occasions).  Important re-

sults from the study are that two findings were consistently identified:  

1.  Findings for Null Hypotheses 2 and 3 showed that LEP students consistently 

outperformed non-LEP students on the ARMT Math subtest and the SAT 10 

Problem Solving subtest after 2 years of intervention by MMI-trained teachers. 

2.  Findings for Null Hypotheses 1, 2, and 3 showed that Black and Hispanic stu-

dents outperformed White students on the ARMT Math subtest and the SAT 

10 Procedures and Problem Solving subtests after 2 years of intervention by 

MMI-trained teachers. 
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CHAPTER 5 

SUMMARY, DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

This chapter provides a brief summary of the entire study, including the primary 

objectives, significance of the study, theoretical framework, study methodology, and ma-

jor findings.  Implications of the findings for the profession and recommendations for 

practice and future research are also presented.  

 

Summary 

A deep understanding of mathematics with well-developed quantitative literacy 

skills is critical for 21st-century students.  Given the relatively low international rankings 

of U.S. students in mathematics despite the development of NCTM standards and numer-

ous attempts at reform, the ways in which students can most effectively learn to be 

mathematical thinkers and quantitatively literate citizens are not clear.  It has been sug-

gested that immediate reform efforts offer teachers the opportunity to transform their 

learning about mathematics and will lead to effective teaching practices that prepare stu-

dents to be quantitatively literate citizens of the world. 

The U.S. educational system has repeatedly implemented reform efforts in the 

teaching of mathematics, with very little change in classroom performance (Leinwand, 

2000).  According to analysis and conclusions from the TIMSS video study (Stigler & 

Hiebert, 1997), U.S. teachers often use traditional teaching methods to show students 

what to do without developing specific mathematics concepts to foster a deeper level of 
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understanding. Problems assigned for practice are similar to the worked examples (Stigler 

& Hiebert, 1999).  The problem that faces the United States is as follows:  How can U.S. 

preservice and in-service teachers make dramatic and fundamental changes in classroom 

practice that lead to students’ acquiring a deeper understanding of mathematics and im-

proving their achievement in mathematics? 

Improving mathematical achievement involves changing both the instructional 

practices of teachers and the learning environment for students.  According to the NCTM 

Standards (2000), “mathematical expertise is found not only in factual knowledge, but 

also in the strategic decisions the student makes while solving problems and in their abil-

ity to communicate ideas about the problems with others” (Hiebert, 2003, p. 13). 

The purpose of the study was to determine the effectiveness of one professional 

development intervention, the MMI, as implemented in three high poverty schools in a 

single school district.  Changes in student achievement over a 3-year period were exam-

ined by using NCE scores from the SAT 10 Procedures and Problem Solving subtests and 

scale scores from the ARMT Math subtest.  The independent variables in the study were 

(a) ethnic background, (b) gender, (c) socioeconomic status, (d) level of English profi-

ciency, (e) level of special education needed, and (f) school student attended.  The de-

pendent variables were NCE scores for the SAT 10 Procedures and Problem Solving sub-

tests and scale scores for the ARMT Math subtest. 

There were three null hypotheses in the study:  

1.  There will be no significant interaction in mathematics achievement as meas-

ured by NCE scores on the Procedures subtest of the SAT 10 over a 3-year pe-

riod for students in three high poverty schools in a single school system whose 

teachers had participated in the MMI.  The independent variables examined 
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were (a) ethnic background, (b) gender, (c) socioeconomic status, (d) level of 

English proficiency, (e) level of special education needed, and (f) school stu-

dent attended. 

2.  There will be no significant interaction in mathematics achievement as meas-

ured by NCE scores on the Problem Solving subtest of the SAT 10 over a 3-

year period for students in three high poverty schools in a single school sys-

tem whose teachers had participated in the MMI.  The independent variables 

examined were (a) ethnic background, (b) gender, (c) socioeconomic status, 

(d) level of English proficiency, (e) level of special education needed, and (f) 

school student attended. 

3.  There will be no significant interaction in mathematics achievement as meas-

ured by scale scores on the ARMT Math subtest over a 2-year period for stu-

dents in three high poverty schools from a single school system whose teach-

ers participated in the MMI. The independent variables examined were (a) 

ethnic background, (b) gender, (c) socioeconomic status, (d) level of English 

proficiency, (e) level of special education needed, and (f) school student at-

tended. 

Although many professional development programs have been devised in an at-

tempt to improve mathematics skills of high poverty students, results from those studies 

have yielded equivocal findings regarding success of these reform initiatives.  Because 

the MMI has been demonstrated to be successful in improving student achievement of 

this targeted group, this study has tested the effectiveness of the MMI in an additional 

location with a similar group of students (Van Hanegan et al., 2004). 
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Findings from this study are useful to teachers, principals, curriculum specialists, 

mathematics specialists, professional development coordinators, and superintendents in 

the selection and implementation of nontraditional programs for teaching mathematics.    

Because the MMI provides instruction that improved learning outcomes for the students 

in the present study, other school systems may also benefit from using this evidence-

based method for teaching mathematics in multiple settings. Efforts such as using the 

MMI may fill the need for individuals in the 21st-century learning environment who are 

quantitatively literate, both as competent citizens and as competent employees. 

The review of literature focused on the continuing need for mathematics reform 

and on the steps that are being taken in the United States, as well as in the state of Ala-

bama, to improve student achievement in mathematics.  Literature related to four broad 

topics relevant to the study was reviewed.  These topics were (a) mathematics reform ef-

forts, which include national and international studies; (b) U.S. efforts to improve 

mathematics achievement; (c) exemplary and promising programs; and (d) an overview 

of the MMI. 

This study included a description of the research design, intervention, sample, and 

data employed in the study.  In addition, descriptions of the criteria used for selecting the 

sample and of the population demographics from which the samples were derived were 

provided.  From the population of second-, third-, and fourth- grade students of the study 

schools, 89 students with scores for each of the three testing occasions (2004, 2005, and 

2006) were enrolled in the study.  NCE scores from the SAT 10 Procedures and Problem 

Solving subtests from 2004 to 2006 and scale scores from the ARMT Math subtest from 

2005 to 2006 were gathered.  The effects on student achievement that result when the 

student is taught by an MMI-trained teacher were explored by examining the relationship 
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of mathematics achievement scores to the independent variables of (a) ethnic back-

ground, (b) gender, (c) socioeconomic status, (d) level of English proficiency, (e) level of 

special education needed, and (f) school student attended.  The three null hypotheses 

were examined with the use a factorial ANOVA with repeated measures. 

 

MMI Professional Development   

The ensuing description outlines the professional development provided to the 

teachers of student participants in the present study.  The MMI training consists of the 

following elements:  Consultants who have been trained in MMI strategies and who are 

employed by Mathworks under the direction of Dr. Honi Bamberger conduct the profes-

sional development workshops.  Mathematics coaches and experienced MMI teachers co-

present with the Mathworks presenters.  Included in the workshops are opportunities for 

participants to individually practice their newly learned skills by teaching students en-

rolled in summer school. Feedback is provided to each teacher by a peer observer for five 

mornings during the midpoint of this 2-week intervention. Each day for 5 days, the ob-

server facilitates a reflective conversation with the teacher.  In addition, principals and 

teachers have faculty planning time during the workshop to restructure their curriculum 

to include the MMI strategies.   

Four unique strategies that are daily routines for the MMI teachers and their stu-

dents are as follows:  Daily Data activities, Early Bird math activities, and THINK-PAIR-

SHARE and other management activities. Daily Data activities that include Venn dia-

grams and graphs are used to engage students in activities that make connections between 

real life and mathematics. Early Bird math activities are short, 10 min, independent, 

hands-on activities that reinforce mathematics skills and concepts. THINK-PAIR-
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SHARE, a cooperative learning strategy, is a way to manage discussions with students 

and provide them with thinking time. “Equity sticks” are an additional strategy for man-

aging any discussion with students.         

Specific strategies expected of teachers in the MMI workshops are congruent with 

best practices in mathematics (NCTM, 2000) and include the following strategies:   

1.  Plan instruction that is based on students’ prior knowledge. 

2.   Facilitate additional learning opportunities by allowing adequate time for stu-

dents to think and listen to each other. 

3.   Use questioning strategies that promote deep levels of understanding by the 

students.  Teachers ask questions such as “How do you know that?” and “Will 

that work every time?” and “Did anyone get a different answer or work the 

problem another way?” In addition, students provide answers that justify 

mathematics concepts. 

4.  Focus on students’ thinking and problem-solving strategies instead of only on 

obtaining the correct answer. 

5.  Reinforce skills that enhance estimation and mental math.   

6.   Reinforce computational skills by connecting problem solving to real-world 

applications. 

7.  Integrate mathematics throughout and across the curriculum. 

8.  Assess student knowledge and spontaneously modify instruction (NCTM, 

2000).  

In an MMI classroom, desks are grouped together for collaborative problem solv-

ing, and mathematic manipulatives are available for easy access.  Calendar Math is evi-
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dent in all classrooms.  Student writing samples that show their mathematical thinking are 

displayed throughout the school building. 

After the 2-week training, additional training opportunities are provided, includ-

ing a 3-day advanced training workshop that teachers attend the summer after their 2-

week training.  Teachers are paid a stipend to attend workshops and are given several 

hundred dollars’ worth of preselected grade-level-specific materials that are similar to the 

materials used in the 2-week summer institute to use in their classrooms; these materials 

include math manipulatives.  Teachers attend a priming workshop during the first sum-

mer, a 2-week institute during the second summer, and a 3-day advanced institute during 

the third summer.  

Although several unique features of the MMI are described in the literature, a 

specific feature of interest is that of the inclusion of mathematics coaches hired to assist 

teachers in the classroom.  Mathematics coaches focus on teachers who have been 

through the 2-week professional training.  The coaches provide coaching and mentoring 

support to teachers, assist in planning, demonstrate lessons, co-plan, co-teach, conduct 

observations, conduct monthly mathematics presentation to faculties, coordinate MMI 

plans with principals, coordinate follow-up classroom visits with consultants, participate 

in additional training, and keep records.  Teachers from all eight of the MMI schools 

meet together monthly and are provided with release time for planning sessions con-

ducted within their schools.  Additionally, the MMI consultants provide quarterly visits to 

the classrooms of the MMI teacher participants to provide feedback.  

To support, enhance, and sustain the MMI innovation, teachers may apply to be 

selected to participate in the rigorous Teacher Leadership Program. The 3-year profes-

sional development program focuses on mathematics pedagogy, content, and leadership.  
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In the 2nd and 3rd years of the program, participating teachers immerse themselves in a 

school-based leadership practicum.   

To assist with implementing and sustaining the MMI, additional structures are 

necessary.  One structure for both implementing the MMI with integrity and sustaining 

the MMI is the schools’ Implementation Committee.  High implementers of the MMI are 

grade-level teachers who have integrated the MMI strategies into most of their teaching.  

These teachers are selected by the principals in the winter after their initial 10-day profes-

sional development.  The primary functions of committee members are (a) to serve as a 

sounding board for coaches and district liaisons, (b) to be highly informed about the 

MMI, (c) to be advocates of the MMI, (d) to administer quarterly problems to students 

and to participate in discussion about student thinking related to these quarterly problems, 

and (e) to participate in professional learning teams (S. Pruet, personal communication, 

August 13, 2006).    

The population for this study consisted of 89 students who were enrolled in three 

MMI schools in the selected school district; were second-grade students during the 2003-

2004 school year; and remained in the same school through the 2005-2006 school year, 

when they were fourth-grade students.  Enrollment in these three MMI schools includes 

Caucasian, African American, and Hispanic students.  Combined demographics for the 

schools are summarized in Table 36.    
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Table 36 

Combined Demographics for Elementary Schools A, B, and C by Ethnicity, Gender, So-
cioeconomic Status, Level of English Proficiency, and Level of Special Education Needed 
 
                  Variable f % of sample 
Ethnicity   

White 16   18.0 
Black 42   47.2 
Hispanic 31   34.8 

Gender   
Male 43   48.3 
Female 46   51.7 

Socioeconomic status   
Paid lunch   6     6.7 
Free and reduced lunch 83   93.3 

Level of English proficiency   
Non-limited English proficiency 60   67.4 
Limited English proficiency 29   32.6 

Level of special education needed   
Non-special education 78   87.6 
Special education 11   12.4 

 
 

These schools were selected because they are composed of high poverty students, 

with over 80% receiving free or reduced-price lunch.  Principals of these schools agreed 

to administer the SAT 10 to the school’s second-grade students; the results of this testing 

provided pre-MMI baseline data.  The demographics included frequency and sample size 

for gender, ethnicity, level of English proficiency and level of special education needed.  

  To arrive at findings for the null hypotheses, data analyses using ANOVA with 

repeated measures were performed.  Assumptions of this statistical procedure were dis-

cussed in chapter 4, included assumptions of sphericity, an index of variability among 

schools.  Data from the 89 students enrolled in the three MMI schools were analyzed by 

using the SPSS (Version 15.0).  
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Findings of the Null Hypotheses 

 The purpose of chapter 4 was to report findings for the three null hypotheses.  

ANOVA with repeated measures was used to test the hypotheses.  For Null Hypothesis 1, 

the null hypothesis of no significant interaction was rejected for the independent variable, 

school. These findings showed statistical significance between time (testing occasions) 

and school.  Schools A and B experienced statistically significant gains in NCE scores for 

the SAT 10 Procedures subtest between 2004 and 2006; furthermore, School A experi-

enced statistically significant gains at each testing occasion.  School C experienced gains 

in SAT 10 Procedures subtest NCE scores that were not found to be statistically signifi-

cant.  In addition, there was significant interaction between scores and time (testing occa-

sions).  There was insufficient evidence to reject Null Hypothesis 1 for the other inde-

pendent variables.  This finding can be explained in part by the small sample sizes in 

many of the cells.  

Findings for each independent variable in Null Hypothesis 1 are as follows: 

1. At baseline, mean NCE scores for the SAT 10 Procedures subtest for Black 

and Hispanic students were similar to mean NCE scores for White students; 

after 2 years of intervention by an MMI-trained teacher, mean NCE scores for 

the SAT 10 Procedures subtest for Black and Hispanic students were higher 

than mean NCE scores for White students.  On the basis of results of one-way 

ANOVA, the difference in mean NCE scores for the SAT 10 Procedures for 

ethnicity was not found to be statistically significant at baseline, or after 2 

years of intervention.  Findings of paired t tests for mean NCE scores for the 

SAT 10 Procedures subtest for Black students over the 3 years of the study 

showed a statistically significant gain.  Findings of paired t tests for mean 
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NCE scores for the SAT 10 Procedures subtest for Hispanic students over the 

3 years of the study showed a statistically significant gain.  Findings of paired 

t tests for mean NCE scores for the SAT 10 Procedures subtest for White stu-

dents over the 3 years of the study failed to show a significant gain.  

2. At baseline, mean NCE scores for the SAT 10 Procedures subtest for female 

students were slightly higher than mean NCE scores for male students; after 2 

years of intervention by an MMI-trained teacher, mean NCE scores for female 

students were considerably higher than mean NCE scores for male students.  

On the basis of results of independent t tests, the difference in mean NCE 

scores for the SAT 10 Procedures subtest for gender was not found to be sta-

tistically significant at baseline, or after 2 years of intervention.  Findings of 

paired t tests for mean NCE scores for the SAT 10 Procedures subtest for male 

students over the 3 years of the study showed a statistically significant gain.  

Findings of paired t tests for mean NCE scores for the SAT 10 Procedures 

subtest for female students over the 3 years of the study showed a statistically 

significant gain.     

3. At baseline, mean NCE scores for the SAT 10 Procedures subtest for students 

who received subsidies for lunches were similar to mean NCE scores for stu-

dents who paid for their lunches; after 2 years of intervention by an MMI-

trained teacher, mean NCE scores for Procedures subtest for students who 

paid for their lunches remained higher than mean NCE scores for students 

who received subsidies for their lunches.  On the basis of independent t tests, 

the difference in mean scores for the SAT 10 Procedures subtest for socioeco-

nomic status was not found to be statistically significant at baseline, or after 2 
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years of intervention.  Findings of paired t tests for mean NCE scores for the 

SAT 10 Procedures subtest for students who received subsidies for their 

lunches showed a statistically significant gain over the 3 years of the study.     

Findings of paired t tests for mean NCE scores for the SAT 10 Procedures 

subtest for students who paid for their lunches showed a statistically signifi-

cant gain.       

4. At baseline, mean NCE scores for the SAT 10 Procedures subtest for LEP stu-

dents were lower than mean NCE scores for non-LEP students; after 2 years 

of intervention by an MMI-trained teacher, mean NCE scores for the SAT 10 

Procedures subtest for LEP students remained lower than mean NCE scores 

for non-LEP students.  On the basis of results of independent t tests, the dif-

ference in mean NCE scores for the SAT 10 Procedures subtest for English 

proficiency was not found to be statistically significant at baseline, or after 2 

years of intervention.  Findings of paired t tests for mean NCE scores for the 

SAT 10 Procedures subtest for LEP students over the 3 years of the study 

showed a statistically significant gain.  Findings of paired t tests for mean 

NCE scores for the SAT 10 Procedures subtest for non-LEP students over the 

3 years of the study showed a statistically significant gain.     

5. At baseline, mean NCE scores for the SAT 10 Procedures subtest for special 

education students were lower than mean NCE scores for non-special educa-

tion students; after 2 years of intervention by an MMI-trained teacher, mean 

NCE scores for the SAT 10 Procedures subtest for special education students 

continued to be lower than mean NCE scores for non-special education stu-

dents.  On the basis of results of independent t tests, the difference in mean 
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NCE scores for the SAT 10 Procedures subtest for special education was 

found to be statistically significant at baseline, and after 2 years of interven-

tion.  Findings of paired t tests for mean NCE scores for the SAT 10 Proce-

dures subtest for special education students over the 3 years of the study failed 

to showed statistically significant gain; however, a trend was noted toward 

statistical significance.  Findings of paired t tests for mean NCE scores for the 

SAT 10 Procedures subtest for non-special education students over the 3 years 

of the study showed a statistically significant gain.     

 For Null Hypothesis 2, the null hypothesis of no significant interaction was re-

jected for the independent variable, school.  Schools A and B experienced statistically 

significant gains in NCE scores for the SAT 10 Problem Solving subtest between 2004 

and 2006; furthermore, Schools A and C experienced statistically significant gains in the 

first year of the study, 2004-2005.  Last, School C experienced a statistically significant 

loss in NCE scores for the SAT 10 Problem Solving subtest between 2005 and 2006.  In 

addition, there was significant interaction between scores and time (testing occasions).  

There was insufficient evidence to reject Null Hypothesis 2 for the other independent 

variables.  This lack of evidence can be explained in part by the small sample size of the 

cells.   

Findings for each independent variable are described below: 

1. At baseline, mean NCE scores for the SAT 10 Problem Solving subtest for 

Black and Hispanic students were lower than mean NCE scores for White stu-

dents; after 2 years of intervention by an MMI-trained teacher, mean NCE 

scores for the SAT 10 Problem Solving subtest for Black and Hispanic stu-

dents were higher than mean NCE scores for White students.  Although the 



104 

 

difference in mean NCE scores for the SAT 10 Problem Solving subtest for 

ethnicity was not found to be statistically significant at baseline, or after 2 

years of intervention, the researcher believes the difference is noteworthy in 

that mean NCE scores for Black and Hispanic students were lower than mean 

NCE scores for White students at baseline but were higher after 2 years of in-

tervention.   Findings of paired t tests for mean NCE scores for the SAT 10 

Problem Solving subtest for Black students over the 3 years of the study 

showed a statistically significant gain.  Findings of paired t tests for mean 

NCE scores for the SAT 10 Problem Solving subtest for Hispanic students 

over the 3 years of the study showed a statistically significant gain.  Findings 

of paired t tests for mean NCE scores for the SAT 10 Procedures subtest for 

White students over the 3 years of the study failed to show a significant gain.   

2. At baseline, mean NCE scores for the SAT 10 Problem Solving subtest for 

male students were higher than mean NCE scores for female students; after 2 

years of intervention by an MMI-trained teacher, mean NCE scores for the 

SAT 10 Problem Solving subtest for male students remained higher than mean 

NCE scores for female students.  The difference in mean NCE scores for the 

SAT 10 Problem Solving subtest for gender was not found to be statistically 

significant at baseline, or after 2 years of intervention.  Findings of paired t 

tests for mean NCE scores for the SAT 10 Problem Solving subtest for male 

students over the 3 years of the study showed a statistically significant gain.  

Findings of paired t tests for mean NCE scores for the SAT 10 Problem Solv-

ing subtest for female students over the 3 years of the study showed a statisti-

cally significant gain.   
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3. At baseline, mean NCE scores for the SAT 10 Problem Solving subtest for 

students who received subsidies for lunches were lower than mean NCE 

scores for students who paid for their lunches; after 2 years of intervention by 

an MMI-trained teacher, mean NCE scores for the SAT 10 Problem Solving 

subtest for students who received subsidies for their lunches remained lower 

than mean NCE scores for students who paid for their lunches.  The difference 

in mean NCE SAT 10 Problem Solving subtest scores for socioeconomic 

status was not found to be statistically significant at baseline, or after 2 years 

of intervention.  Findings of paired t tests for mean NCE scores for the SAT 

10 Problem Solving subtest for students who received subsidies for their 

lunches showed a statistically significant gain over the 3 years of the study.  

Findings of paired t tests for mean NCE scores for the SAT 10 Problem Solv-

ing subtest for students who paid for their lunches showed a statistically sig-

nificant gain.         

4. At baseline, mean NCE scores for the SAT 10 Problem Solving subtest for 

LEP students were lower than mean NCE scores for non-LEP students; after 2 

years of intervention by an MMI-trained teacher, mean NCE scores for the 

SAT 10 Problem Solving subtest for LEP students were higher than mean 

NCE scores for non-LEP students.  Although the difference in mean NCE 

scores for the SAT 10 Problem Solving subtest for English proficiency was 

not found to be statistically significant at baseline, or after 2 years of interven-

tion, the researcher believes it is noteworthy that scores of LEP students 

started lower than but ended higher than non-LEP students on this subtest af-

ter 2 years of intervention.  Findings of paired t tests for mean NCE scores for 
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the SAT 10 Problem Solving subtest for LEP students over the 3 years of the 

study showed a statistically significant gain.  Findings of paired t tests for 

mean NCE scores for the SAT 10 Problem Solving subtest for non-LEP stu-

dents over the 3 years of the study showed a statistically significant gain.     

5.  At baseline, mean NCE scores for the SAT 10 Problem Solving subtest for 

special education students were significantly lower than mean NCE scores for 

non-special education students; after 2 years of intervention by an MMI-

trained teacher, mean NCE scores for Problem Solving for special education 

students continued to be significantly lower than mean NCE scores for non-

special education students.  Although the significant difference in mean NCE 

scores for the SAT 10 Problem Solving subtest for special education was ex-

pected at both baseline and after 2 years of intervention by an MMI-trained 

teacher, the researcher believes it is noteworthy that special education students 

made substantial gains on this subtest after 2 years of intervention.   Findings 

of paired t tests for mean NCE scores for the SAT 10 Problem Solving subtest 

for special education students over the 3 years of the study failed to showed a 

statistically significant gain; however, a trend was noted toward statistical sig-

nificance.  Findings of paired t tests for mean NCE scores for the SAT 10 

Problem Solving subtest for non-special education students over the 3 years of 

the study showed a statistically significant gain.     

Findings for Null Hypothesis 3 showed statistical significance between testing oc-

casions for the ARMT Math subtest across all schools, but there was insufficient evi-

dence to reject Null Hypothesis 3 for the other independent variables.  School A experi-

enced a statistically significant gain in scale scores for the ARMT Math subtest during 
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the second year of the study (2005-2006), and Schools B and C experienced a decline in 

test scores for the ARMT Math subtest that was not found to be statistically significant.  

It is not possible to evaluate the overall gain in mathematics learning by using the ARMT 

Math subtest because this test did not provide baseline data for the study. 

Findings for each independent variable are as follows: 

1. In 2005, after the first year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for Black and Hispanic students were 

higher than mean scale scores for White students; in 2006, after the 2nd year 

of intervention by an MMI-trained teacher, mean scale scores for the ARMT 

Math subtest for Black and Hispanic students continued to be higher than 

mean scale scores for White students.  The difference in mean scale scores for 

the ARMT Math subtest for ethnicity was not found to be statistically signifi-

cant after the first year of intervention, or after the 2nd year of intervention.  

Findings of paired t tests for mean scale scores for the ARMT Math subtest 

for Black students between 2005 and 2006 did not show a statistically signifi-

cant gain.  Findings of paired t tests for mean scale scores for the ARMT Math 

subtest for Hispanic students between 2005 and 2006 did not show a statisti-

cally significant gain.  Findings of paired t tests for mean scale scores for the 

ARMT Math subtest for White students over the 3 years of the study failed to 

show a significant gain.   

2. In 2005, after the first year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for male students were higher than 

mean scale scores for female students; in 2006, after the 2nd year of interven-

tion by an MMI-trained teacher, mean scale scores for the ARMT Math sub-
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test for male students continued to be higher than mean scale scores for fe-

male students.  The difference in mean scale scores for the ARMT Math sub-

test scores for gender was not found to be statistically significant after the first 

year of intervention, or after the 2nd year of intervention.  Findings of paired t 

tests for mean scale scores for the ARMT Math subtest for male students be-

tween 2005 and 2006 failed to show a statistically significant gain.  Findings 

of paired t tests for mean scale scores for the ARMT Math subtest for female 

students between 2005 and 2006 failed to show a statistically significant gain.      

3. In 2005, after the first year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for students who received subsidies 

for lunches were lower than scores for students who paid for their lunches; in 

2006, after the 2nd year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for students who received subsidies 

for their lunches continued to be lower than mean scale scores for students 

who paid for their lunches.  The difference in mean scale scores for the 

ARMT Math subtest for socioeconomic status was not found to be statistically 

significant after the first year of intervention, or after the 2nd year of interven-

tion.  Findings of paired t tests for mean scale scores for the ARMT Math sub-

test for students who received subsidies for their lunches failed to show a sta-

tistically significant gain between 2005 and 2006.  Findings of paired t tests 

for mean scale scores for the ARMT Math subtest for students who paid for 

their lunches failed to show a statistically significant gain between 2005 and 

2006.       
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4. In 2005, after the first year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for LEP students were higher than 

mean scale scores for non-LEP students; in 2006, after the 2nd year of inter-

vention by an MMI-trained teacher, mean scale scores for the ARMT Math 

subtest for LEP students continued to be higher than mean scale scores for 

non-LEP students.  The difference in mean scale scores for the ARMT Math 

subtest for English proficiency was not found to be statistically significant af-

ter the first year of intervention, or after the 2nd year of intervention.  Find-

ings of paired t tests for mean scale scores for the ARMT Math subtest for 

LEP students between 2005 and 2006 failed to show a statistically significant 

gain.  Findings of paired t tests for mean scale scores for the ARMT Math 

subtest for non-LEP students between 2005 and 2006 failed to show a statisti-

cally significant gain.      

5. In 2005, after the first year of intervention by an MMI-trained teacher, mean 

scale scores for the ARMT Math subtest for special education students were 

significantly lower than mean scale scores for non-special education students; 

after 2 years of intervention by an MMI-trained teacher, mean scale scores for 

the ARMT Math subtest for special education students continued to be sig-

nificantly lower than mean scale scores for non-special education students.  

Although the significant difference in mean scale scores for the ARMT Math 

subtest for special education was expected at both the first and 2nd years of 

intervention by an MMI-trained teacher, the researcher believes it is notewor-

thy that special education students made substantial gains on this subtest after 

2 years of intervention.   Findings of paired t tests for mean scale scores for 
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the ARMT Math subtest for special education students between 2005 and 

2006 showed a statistically significant gain.  Findings of paired t tests for 

mean scale scores for the ARMT Math subtest for non-special education stu-

dents between 2005 and 2006 failed to show a statistically significant gain.     

In each of the null hypotheses, the null hypothesis of no significant interaction 

was rejected for the independent variable, school.  In addition, for Null Hypotheses 1 and 

2, there was significant interaction between scores and time (testing occasions).  In each 

case, there was insufficient evidence to reject the null hypothesis for the other independ-

ent variables.    

 

Discussion 

Results of the present study were congruent with findings of Peske & Haycock 

(2006), who stated that a high-quality, well-trained teacher is one resource that minority 

students need in order to reach their potential.  Fosnot & Dolk (2002) stated that “chil-

dren will rise to the challenge when they are able to construct meaning for the world in 

which they live” (p. 18).  One of the key components of the MMI is the daily focus on 

students’ thinking and constructing meaning rather than on their arriving at the correct 

answer. The MMI-trained teachers are taught the importance of understanding the think-

ing of their students by using strategies such as asking probing questions that prompt stu-

dents to explain their thinking; displaying students’ work containing narratives by the 

students that explain their thinking about mathematics procedures; and utilizing ME 

TOO, POINT OF INTEREST, and THINK-PAIR-SHARE.  Teachers learn that all of 

these strategies are types of formative assessments that help them deeply understand the 
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thinking of their students.  The ability to help students articulate their thinking in mathe-

matics class transfers to other areas of study.  

The study findings demonstrated that students of MMI-trained teachers improved 

their NCE scores for the SAT 10 Procedures and Problem Solving subtests from baseline 

scores (2004) to the end of the study (2006).  This study corroborated findings from Bam-

berger (2005) about MMI training of teachers of minority students.  Over the 3 years of 

the study, mean NCE scores for the SAT 10 Procedures subtest rose significantly for each 

year of the study; however, mean NCE scores for the SAT 10 Problem Solving subtests 

rose significantly only in the first year of the study (2004-2005).  Scores for the SAT 10 

Problem Solving subtest increased in the 2nd year of the study (2005-2006); however, the 

increase was not found to be statistically significant.  This pattern for the SAT 10 

Problem Solving subtest scores of significant increase in the first year of the study and a 

non-statistically significant increase in the 2nd year of the study may well have been seen 

in the ARMT math subtest if there had been baseline data to use for comparison.  The 

extremely high correlation between the ARMT Math Subtest and the problem solving 

subtest (.99) provides the basis of this assumption.  Mean scale scores for the ARMT 

Math subtest increased during the 2nd year of the study (2005-2006); like the increase 

found for the SAT 10 Problem Solving subtest this increase was not found to be statisti-

cally significant.  While considering potential explanations for this finding, the researcher 

examined the ratio of mathematics coaches to MMI-trained teachers throughout the 

study.   

In 2004-2005, there were four mathematics coaches who served 57 MMI-trained 

kindergarten and third-grade teachers in the eight MMI schools at the time of the study.  

Total time spent by mathematics coaches in each school averaged 8 hr per week, which 



112 

 

was considered to be an ideal scenario in the MMI program.  Of the eight MMI schools, 

three were identified for use in the study on the basis of criteria stated in chapter 1.  In 

2005-2006, funding issues caused the number of mathematics coaches to be decreased to 

two coaches serving 109 MMI-trained teachers.  During the summer of 2005, first- and 

fourth-grade teachers received training in the MMI; therefore, the number of teachers 

who received mathematics coaching services for the MMI increased from 57 to 109 at the 

same time that the number of mathematics coaches declined from four to two.  Because 

of the reduction in the coach-to-teacher ratio, the total time spent by mathematics coaches 

in each school dropped to 8 hr every other week, with less time spent per teacher.   

Because support and accountability for the MMI-trained teachers by the mathe-

matics coaches are integral aspects of the MMI, the shift in the ratio of coaches to teach-

ers may well have influenced the results of the study.  For example, the plateau of NCE 

scores for the SAT 10 Problem Solving subtest and an insignificant gain in the scale 

scores for the ARMT Math subtest were seen during the 2005-2006 school year, the year 

in which fewer mathematics coaches were available to work with the MMI-trained teach-

ers.  The SAT 10 Problem Solving subtest and the ARMT Math subtest primarily focus 

on problem solving skills that are more difficult to teach on the part of the teacher and 

more difficult to understand on the part of the student.  The basis of the MMI is to train 

teachers to teach for understanding by establishing in teachers a deep understanding of 

mathematics and by supporting the use of teaching strategies that create a deep under-

standing of mathematics for students.   

The historical overview of mathematics education described in the literature re-

veals that Chinese teachers have a much deeper understanding of elementary mathemati-

cal concepts than their U.S. counterparts do.  A goal of the MMI is to ensure that mathe-
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matics coaches have this deep level of understanding of mathematics and can transfer that 

deep understanding to the MMI-trained teachers.  Mathematics coaches are able to teach 

and model higher level teaching strategies through planning meetings with the MMI-

trained teachers and through follow-up in the classroom.  Mathematics coaches are a tre-

mendous and valuable resource for the MMI-trained teacher, who returns to the class-

room with teaching manuals and new manipulatives to incorporate into lesson plans.  

When the mathematics coaches are removed, the huge support piece sustaining the gains 

made by the MMI-trained teacher in the knowledge of more effective teaching practices 

no longer exists.  Coaches who have been answering questions, modeling strategies, and 

offering feedback are no longer available at the necessary level of support; the impor-

tance of the newly acquired knowledge and of the experience of teaching mathematics on 

a deeper level is no longer adequately reinforced.   

 

Implications 

 The critical-thinking model of focusing on problem solving and on the ability to 

articulate one’s thinking is often denied to high poverty students.  The MMI provides this 

model and constitutes a pedagogy that is atypical for poverty.  This model of high expec-

tations could equate with the way gifted children were taught 20 years ago.  The MMI is 

not a pull-out program; it is a method of teaching.  In this study of three high poverty 

schools, the Hispanic and Black students, who comprised 82% of the combined popula-

tions of the three schools, as well as the subset of LEP students, made statistically signifi-

cant gains in achievement scores with the use of this teaching method; in all schools, stu-

dents of MMI-trained teachers seemed to find success.  The implication for mathematics 

education is that this method of constructivist teaching and learning seems to be effective 
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for all students and would be appropriate for any school working on improving under-

standing of mathematics; however, the method seems to be effective for high poverty 

schools. 

 Schools that choose to utilize effective teaching methods to improve student un-

derstanding of mathematics must be prepared to make a substantial investment.  Fully 

implementing the MMI requires a financial commitment for at least 4 years.  Clear ex-

pectations related to the initiative must be met.  There must be district commitment and 

curriculum alignment.  There are expectations for strong principal leadership, low teacher 

turnover, coaching support, training, materials, follow-up, and leadership training.  When 

discussing the MMI with its director, Susan Pruet, the three most important elements for 

success that emerge after teacher training are, in order of importance, principal leader-

ship, teacher turnover, and mathematics coach involvement.  Pruet reported that, in Mo-

bile, Alabama, the two schools that had those elements in place when the initiative began 

emerged as the achievement leaders among the MMI schools.  As the other MMI-trained 

schools were able to get all three elements in place, the gain in scores equalized over the 

MMI schools in approximately 5 years.   

In this study, the researcher noted that many factors could account for the differ-

ences in the scores of the study schools; however, additional variables would be needed 

to more fully understand the differences.  School A started out with a substantially lower 

mean NCE score for the SAT 10 Procedures and Problem Solving subtests than the other 

schools did but was able to more than double the mean score for the SAT 10 Procedures 

subtest from baseline to the final testing occasion (NCE scores = 26.63 and 53.77, respec-

tively) and to substantially increase the mean score for the SAT 10 Problem Solving sub-

test (NCE scores = 30.73 and 43.98, respectively). School C made gains in NCE scores 
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for the SAT 10 Procedures subtest over the three testing occasions (NCE scores = 44.46, 

44.88, and 46.27) and for the SAT 10 Problem Solving subtest (NCE scores = 41.12, 

46.79, and 42.47); however, the net gains were not significant and were not as great as 

those made in the other schools (School A NCE scores for Procedures = 26.63, 44.85, 

and 53.77; School B NCE scores for Procedures = 45.11, 49.52, and 60.76; School A 

NCE scores for Problem Solving = 30.73, 39.29, and 43.89; School B NCE scores for 

Problem Solving = 41.18, 48.08, and 48.37; no data are reported here for the ARMT 

Math subtest because there were no baseline data available for comparison across all 

three testing occasions).  After thinking this study and the possible reasons School C did 

not make significant gains, the researcher concluded that investigating the three elements 

of principal leadership, teacher turnover, and mathematics coach involvement may help 

to elucidate the findings that cannot be explained at the present time and may prove to 

have an equalizing effect in the school system used in the study, as such an investigation 

did in Mobile, Alabama, in Pruet’s (2005) study.   

It is noted that, at the time of this writing, Dr. Honi Bamberger is the key trainer 

in the MMI initiative.  Dr. Bamberger is known for her expert teaching and integral in-

volvement in the MMI initiative.  She relates to teachers in a respectful, intelligent man-

ner and models her methods of teaching and classroom management.  Bamberger con-

ducts the 2-week institute in a simulated classroom, and teachers and principals follow 

her like children followed the Pied Piper.  The benefit of her master teaching abilities to 

the MMI is her positive influence on those she trains; however, because one individual 

will not sustain an initiative indefinitely, the issues of leadership and sustainability must 

be addressed.  The implication for the present study is that, in any “train-the-trainer” 

model, the key trainer must be extremely competent and effective.   
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Last, the benefit over time (between testing occasions) is that there were statisti-

cally significant gains made in the SAT 10 Procedures and Problem Solving subtest 

scores over the 2 years of intervention.  Because gains were seen over time (testing occa-

sions) the researcher surmises and anticipates that those gains will continue over addi-

tional testing occasions and that there will be a correlation between the number of con-

secutive years that a student has been taught by an MMI-trained teacher and the students’ 

understanding of mathematics as evidenced by student achievement scores.  The implica-

tion is that, if the MMI strategies used in elementary school mathematics instruction con-

tinue to be used in middle school mathematics instruction, there will be a continued 

deepening of mathematics understanding despite the concepts’ becoming would become 

more sophisticated.  John Mayer (as cited in Powell & Shuler, 2006), associate chair and 

professor of mathematics at the University of Alabama at Birmingham, recognizes the 

need “for more specialized training for people who teach math at the middle-school 

level” (p. 1).  Mayer (as cited in Powell & Shuler) is involved in teacher-training efforts 

at the middle-school level that are based on the concept of  

helping teachers construct practical exercises that will allow their students to dis-
cover basic math concepts instead of just being told about them.  The idea is to 
show students how to use math as a tool for solving real-world problems, which 
in turn should spark their curiosity and make them want to learn more. . . . The 
new classes are being designed to give future teachers a deeper understanding of 
the material they will be teaching in middle school.  That way, they will be able to 
explain their reasoning algebraically and geometrically. (pp. 1-2)   
 
 
 

Conclusions 

 In analyzing the study data for each of the null hypotheses, the researcher noted a 

statistical significance for the interaction between time (testing occasions) and schools.  

Additionally, there was a significant interaction between mean NCE scores for the SAT 
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10 Procedures and Problem Solving subtests and time (testing occasions).  Important re-

sults from the study are that two findings were consistently identified:  

1.  Findings for Null Hypotheses 2 and 3 showed that LEP students consistently 

outperformed non-LEP students on the ARMT Math subtest and the SAT 10 

Problem Solving subtest after 2 years of intervention by MMI-trained teachers. 

2.  Findings for Null Hypotheses 1, 2, and 3 showed that Black and Hispanic stu-

dents outperformed White students on the ARMT Math subtest and the SAT 

10 Procedures and Problem Solving subtests after 2 years of intervention by 

MMI-trained teachers. 

 

Recommendations for Improving the Research 

For the purposes of this study, it was important to have an established baseline for 

measuring gains caused by the MMI teacher training.  This study utilized data from the 

three high poverty schools that chose to give the SAT 10 in the second grade.  These 

baseline data were provided through this second-grade SAT 10 testing that is not required 

by the school system or the Alabama Department of Education.  Only three MMI schools 

conducted second-grade SAT 10 testing; therefore, the number of students and schools to 

study was limited.  The sample sizes for the independent variables were too small in 

many of the cells to detect a statistically significant interaction (if one existed) by using 

ANOVA with repeated measures; therefore, paired and independent t tests were neces-

sary to explore significant changes in the data over testing occasions.  The research find-

ings possibly would have been more robust if there had been more students and schools 

to include in the data analysis so that cell sizes would have been large enough to utilize 

ANOVA with repeated measures.  Perhaps the study design could have included schools 
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from other school districts to increase sample sizes in the independent variable sub-

groups.   

Another improvement would be to control for other variables that could have af-

fected the results of the study, such as the variables of (a) amount of time the MMI-

trained teachers spend with mathematics coaches, (b) level of implementation of the 

MMI (i.e., teacher implementation, principal commitment), and (c) rate of MMI-trained 

teacher turnover.  First, the mathematics coach is a critical and vital component of the 

MMI.  Although the researcher did not anticipate a change in the ratio of mathematics 

coaches to MMI-trained teachers during the study, a change took place in this variable 

that could have significantly affected the results of the study.  Second, the level of im-

plementation of the MMI could have been different for the study schools; recommenda-

tions to improve the research include defining levels of implementation of the MMI pro-

gram elements and including these in analyses.  Last, including MMI-trained teacher 

turnover as a factor in future research is important. 

 

Recommendations for Future Research 

      Because schools that are not considered high poverty also participate in the MMI, 

future research could focus on those schools, as well. The current study was intentionally 

designed to study high poverty schools because the MMI originated to serve this popula-

tion.  However, researching the impact of the MMI on all students will potentially 

broaden the usefulness of the MMI to other schools that may choose to participate and 

will expand the generalizability to students in other socioeconomic groups. 

      Another potentially beneficial study would be one that compares the achievement 

of students whose teacher has been trained in the MMI and the Alabama Math, Science 
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and Technology Initiative (AMSTI) with that of students whose teacher has been trained 

in only the MMI or the AMSTI.  The AMSTI is relatively new to Alabama schools at the 

time of this writing and follows the same philosophy that the MMI does.  In some 

schools, MMI-trained teachers are also being trained in the AMSTI.  The proposed study 

would help school systems that have participated in the MMI training decide whether 

training teachers in both initiatives would further improve student achievement.   

Future research focusing on the impact of the mathematics coach on student 

achievement is recommended.  As stated previously, there were four mathematics 

coaches who served 57 MMI-trained teachers in eight MMI schools in 2004-2005.  Total 

time spent by mathematics coaches in each MMI school in the school system averaged 8 

hr per week.  In 2005-2006, funding issues caused the number of mathematics coaches to 

be decreased to two coaches serving 109 MMI-trained teachers.  Because of the change 

in the coach-to-teacher ratio, the total time spent by mathematics coaches in each MMI 

school dropped to 8 hr every other week, with less time spent per teacher.  Because sup-

port and accountability for the MMI-trained teachers by the mathematics coaches is an 

integral aspect of the MMI, the shift in the ratio of coaches to teachers and the corre-

sponding reduction in the rate of increase in student achievement caused the researcher to 

conclude that a subsequent study including this variable is necessary and important.  At 

the time of this writing, the school system has increased the staff of mathematics coaches 

to four mathematics coaches serving 140 MMI-trained teachers.  A carefully designed 

study that captures the amount of time that mathematics coaches expend in support of 

each MMI-trained teacher would facilitate research into the effect of this variable and 

provide more detailed examination of this obviously successful learning initiative that has 
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helped high poverty students learn mathematics in the schools incorporated into the cur-

rent study.      

 In conclusion, the study findings lead the researcher to believe that the MMI has a 

positive impact on student achievement in high poverty schools.  Furthermore, the MMI 

warrants continued investigation to more fully explore its potential to impact student 

achievement in the 21st century. 
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 Teaching the Mobile Math Initiative Way is often described as “teaching all chil-

dren mathematics for meaning and mastery so they can make sense of the mathematics 

they do, and thus ‘own their mathematics’” (Pruet, 2005, p. 1).  According to the director 

of the Mobile Math Initiative, Dr. Susan Pruet, the initiative  

is an intensive, comprehensive and year round professional development program 
for teachers and administrators that transforms the quality of mathematics instruc-
tion, the school climate, and culture in order to raise student achievement. . . . The 
focus of Mobile Math Initiative is student learning; therefore, the teachers’ pro-
fessional development is considered to be extremely important because there is a 
direct correlation between high levels of teacher quality and increased student 
achievement. (p. 1)  
 
The Mobile Area Education Foundation and the Mobile County public school sys-

tem formed a partnership with the goal of improving students’ mathematics achievement, 

which in turn would help to raise the graduation rate.  The development of the Mobile 

Math Initiative began in 1998; after several years of planning, seven key components 

evolved: (a) school-wide commitment, (b) professional development and support, (c) cur-

riculum and assessment, (d) family involvement, (e) leadership, (f) school climate, and 

(g) partnerships.  The initiative was started Maysville, a lower socioeconomic area of 

Mobile with four elementary schools, two middle schools, and one high school.  The ini-

tiative is being replicated in other schools in Mobile, as well as in the Hoover school sys-

tem and the targeted school district. 

When planning the initiative, Dr. Pruet saw a need to hire a professional devel-

oper for the initiative.  Dr. Honi Bamberger was hired to fill this position.  She is a for-

mer elementary mathematics resource teacher and college professor.  Dr. Bamberger 

served as the co-principal investigator of Project IMPACT, a successful mathematics ini-

tiative in the 1990s with goals that served as a foundation for the MMI.  Project IMPACT 
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focused on high poverty schools.  Dr. Bamberger also coordinates teams of mathematics 

professionals who assist school systems in implementing mathematics reform.  
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