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Overview

During the years 2005 through 2009, Bartholomew Consolidated School Corporation (BCSC) has experienced a “dual adoption” in mathematics. It has created a system in which elementary teachers could choose to use for their own classrooms either a tradi-tional mathematics program or a reform mathematics program. Some teachers imple-mented Math Expressions, the reform mathematics program that came out of the Children’s Math Worlds research project at Northwestern University. Other teachers (often in the same school) used the traditional Houghton Mifflin Mathematics series. This paper considers passing rates on the Indiana Statewide Test for Educational Progress (ISTEP) for students in grades 2, 3, and 4 using the reform material and those using traditional material during the 2007–08 school year. The data were also broken down to look for differences between the two programs for students on free or reduced lunch and for special education students. Of the nine different measures between traditional math classrooms and Math Expressions classrooms at those grade levels, the Math Expressions students had a higher proportion of students earning a “Pass” or “Pass Plus” in eight of the measures, although not all of those differences were statistically significant.

Background

Bartholomew Consolidated School Corporation is one of eight Indiana school districts that partnered with Indiana University in the National Science Foundation–funded Indiana Mathematics Initiative (IMI). During the first year of the partnership, some second and fifth grade teachers in each district piloted Everyday Mathematics and participated in professional development focused on the implementation of a standards-based mathematics program in general and the implementation of Everyday Mathematics in particular. The following year all districts in the state adopted mathematics textbooks.
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BCSC was the only one of the eight IMI districts that did not adopt Everyday Mathematics during that text book adoption cycle. The BCSC teachers voted to go with Houghton Mifflin Mathematics because, among other things, the publisher offered all teachers the choice between the traditional Houghton Mifflin Mathematics and the new reform program that they were about to publish. The reform program came out of the Children’s Math Worlds research project directed by Karen Fuson of Northwestern University. During the first year of the adoption, all teachers used the traditional textbook because the reform textbook was not yet available. In 2005, during the second year of the adoption, some teachers went through two days of training, designed by Karen Fuson and implemented by Chicago-area teachers who had been involved in piloting the original program as it was being developed and researched. Four times during the school year, as teachers were implementing the program, these teachers returned for Saturday follow-up sessions. In following years, BCSC lead teachers served as trainers to train teachers interested in implementing Math Expressions, the title of the published version of the reform material that came out of the Children’s Math Worlds research project.
Several issues regarding the implementation of the material and the state’s testing cycle made an analysis of the results a challenge. During the first year, all teachers involved in the implementation of Math Expressions were provided with not the complete text of Math Expressions, but with units of the text. The first unit did not arrive for the start of the year. Subsequent units often arrived late. Moreover, all units had a significant number of mistakes, which were corrected before the final printing. During the second year, the textbook company would supply teachers in grades three through five with only a blackline master of the student books. Teachers had to make photocopies for their students. Because of this extra work, several teachers went back to the traditional textbook. Interestingly, a number of teachers went back to the traditional textbook for one year and then made the decision that it was worth the extra time and effort to photocopy the student material for use with the Math Expressions reform program.

Math Expressions is built on five components or classroom beliefs and procedures. They are 1) Math Talk, 2) Quick Practice, 3) Building Concepts, 4) Student Leaders, and 5) Helping Community. Teachers who stopped using the program because of the issue of photocopying often commented that they applied one or more of the five components to their traditional mathematics classroom.
The Indiana Statewide Testing for Educational Progress (ISTEP) consists of tests in grades 3 through 10. The tests take place in the fall. For statistical analysis purposes, student test scores must be connected back to their teacher from the previous year. Because of student mobility, which varies from school to school, only test scores for students that stayed within BCSC could be used. If the students changed schools, but stayed within BCSC, their scores could be tracked and tied back to their previous year’s teacher. To account for that, scores for students not in a Math Expressions classroom were included in the analysis only if they were active BCSC students the year before the fall testing. That meant that some of the most highly mobile students were excluded from both groups of scores. 

A data management system was just recently put into place for the school system. This data management system makes it possible to connect student test results from the fall with their classroom teacher (and programs) from the previous year. For most schools, the data does not go back to the beginning of the project (2005), and for no schools does the data go back to the year before the project. That means that school and district results are available prior to 2005, but individual student results cannot be tracked back to specific teachers or programs. It was originally hoped to compare test results for individual teachers before and after implementing Math Expressions. That would mean the students would be different, but it would be the same teachers before and after the implementation of Math Expressions. Fall testing and lack of teacher-specific data made that impossible.
The Teachers and Classrooms
In the last four years, almost one hundred teachers have been involved and participated in the reform program training. Over the course of the four years, some of those teachers have retired; others have returned to the traditional textbook. As already mentioned. Kindergarten and first grade classrooms could not be included in the analysis, because students do not take the ISTEP test until the fall of their third grade year. That makes second grade the first year with follow-up data. First grade students have follow-up data two years after the class. when they are third graders, but in most schools, the year in-between could be a Math Expressions classroom or a traditional classroom. Finally, some of the teachers were trained in 2008 and began implementation during the 2008–2009 school year. Their students do not yet have ISTEP data following their year studying Math Expressions. Table 1 below gives the numbers of teachers at each grade level for whom data was used in the analysis and the number of schools out of the district’s 11 elementary schools that were represented. 
Table 1
	Grade
	Teachers/classrooms
	Schools

	2
	9
	5

	3
	8
	6

	4
	5
	3

	Total
	22
	8


Participation by teachers was mainly by self selection, which means they were not a random sampling of classrooms throughout the district. The classrooms did cover a range of elementary schools in terms of size and socio-economic factors. The classrooms involved did include two classrooms from the district’s elementary school with the highest percentage of free or reduced lunch students. A total of eight of the eleven elementary schools was included. The students in the Math Expressions classrooms appear to be statistically similar to the students in the school system at large. In Math Expressions classrooms used in this analysis, 42.0% qualified for free or reduced lunch, while the district rate of free or reduced lunch for those same grade levels was 43.7% for the same school year. The percentages of special education students were also reflective of district-wide rates. The Math Expressions classrooms for grades 2, 3 and 4 had 14.3% special education students, while the overall rate for grades 2, 3, and 4 for the district was 13.9%. For both groups these data do not include students who did not return during the 2008–2009 school year to take the ISTEP test in the fall.
The data within each grade level were pooled in order to have enough students in each of the categories to check for statistical significance. (Testing for difference between proportions requires that the expected number having the attribute and the expected number not having the attribute be at least ten in each category.) The data for Pass and Pass Plus on the ISTEP test were also pooled for the same reason. The data for free lunch and reduced lunch were also pooled. 
Data
Table 2 shows for each grade level the percent of students within that group who earned a Pass or Pass+ for all students and for the two subgroups, Free or Reduced (F/R) Lunch and Special Education students with IEP’s (Individualized Educational Plan). 
Table 2

	
	All students tested
	Students with F/R Lunch
	Students with an IEP

	Grade
	M. E.
% Passing
	Traditional % Passing
	M. E.
% Passing
	Traditional % Passing
	M. E.
%Passing
	Traditional % Passing

	2
	70.3%
	66.1%
	58.1%
	46.4%
	36.7%
	36%

	3
	79.0%
	71.3%
	70.2%
	60.4%
	45.2%
	47.4%

	4
	75.4%
	72.3%
	58.5%
	47.5%
	45.5%
	25.3%


At each grade level ISTEP passing rates were compared for three groups; 1) all students tested the following fall, 2) students qualifying for free or reduced lunch, and 3) students with an IEP for special education services. That resulted in a total of nine comparisons. In all except one of those comparisons, students in the Math Expressions program passed ISTEP at a higher rate than the students in the traditional math program. The one exception was third grade students with an IEP. In that category Math Expressions students had a passing rate of 45.2% compared to a passing rate of 47.4% for the traditional program.
Analysis

A statistical test for the difference between proportions was done on each of the nine comparisons. For each category the null hypothesis was “The Math Expressions students passed ISTEP at a lower or equal rate when compared to students in the traditional math program.” The alternative hypothesis in each of the nine categories was “The Math Expressions students passed ISTEP at a higher rate than students in the traditional mathematics program.”
In the “all students tested” category, the Math Expressions students outperformed the traditional students at all three grade levels. The difference was only significant, however, at the third grade level. (z= 2.032, p = 0.02). For second grade, z = 1.16 and p = 0.12 and for fourth grade, z = 0.74 and p = 0.23.
For students qualifying for free or reduced lunch, the Math Expressions passed ISTEP at a greater rate than traditional students at all three grade levels. All three differences were statistically significant. For second grade, z = 1.86 and p = 0.03; for third grade, z = 1.65 and p = 0.49; and for fourth grade z = 1.645 and p = 0.04996.

For special education students (identified as those students with an IEP), the Math Expressions students passed ISTEP at a higher rate than the traditional students in grades two and four and the traditional students passed at a slightly higher rate in grade three. The difference at grade four, where the Math Expressions students passed at a higher rate of 45.5% compared to a passing rate of 25.3% for the traditional students, was the only one that showed statistical significance (z = 1.79, p= 0.04). In second grade, Math Expressions students slightly outperformed the traditional with z = 0.0642 and p = 0.47; and at grade three the traditional students slightly outperformed the Math Expressions students with z = -0.215 and p = 0.58. Neither of these showed a significant difference.
Discussion
One of the greatest challenges in education is to create a learning system that is effective at helping all students to learn. Important in terms of No Child Left Behind legislation and meeting Annual Yearly Progress (AYP) based on student achievement, two of the more challenging subgroups are the students on free or reduced lunch and the students with a special education IEP. Both groups historically pass the ISTEP test at much lower rates than the general population. While improvement in achievement for all students is important, any improvement in passing rates for students in these two subgroups is especially welcome news. While the data show a slight gain for students in the Math Expressions program overall, this gain was statistically significant only at the third grade level. Achievement gains by special education students were mixed. At the fourth grade level, the special education Math Expressions students significantly outperformed the special education students in the traditional program. The most profound difference between the two programs was found in the free or reduced lunch students. At all three grade levels, the Math Expressions classrooms showed significantly higher passing rates among students on free or reduced lunch. While there was no statistical analysis of the root cause of these gains, in a follow-up survey, some of the teachers attributed student achievement gains to the conceptual development built into the program. In identifying the program’s strengths, the following ideas were suggested: 
•  “The proof pictures help students understand the process.” 

•  “I thought the processes taught helped the students develop great understanding of the math concepts.”

•  “I saw them [the students] grow as mathematical thinkers.”  
•  “Students benefited from the ‘Math Talk.’ [It is] purposeful talk about how to solve problems.” 

•  “The program adapts to all learners’ different ways of discovering answers to problems.”
•   “Students are confident when they encounter a variety of math concepts.” 

A significant difference between Math Expressions and the traditional mathematics program is the inclusion of alternative algorithms. The alternative algorithms were seen by some teachers as a program strength providing for alternative learning styles, while other teachers saw them as confusing for students (and teachers). Other than materials issues and the need to make photocopies of student materials, the most frequent criticism teachers made of the program was the lack of “drill and practice.” Teachers were also asked to complete a self-assessment on the implementation of the five program components in their classroom. The components are: 1) Math Talk, 2) Quick Practice, 3) Building Concepts, 4) Student Leaders, and 5) Helping Community. Very few of the teachers assessed themselves as implementing all five components. About 45% of the teachers said they had not implemented or only partially implemented the Quick Practice component of the program, and only 25% said they had implemented the Student Leaders component. Both of these components of the program serve the purpose of “drill and practice” without using the traditional worksheet method. It could be that teachers felt there was not enough “drill and practice” because they had not fully implemented that part of the program, or it could be that they had implemented it, but did not recognize those activities as “drill and practice.” 
It does appear that Math Expressions is at least as effective as the traditional program for the general population of students, while making a significant difference for students in the free or reduced lunch categories. It also appears that it was as effective for special education students, showing significant gains at grade four, but both programs had significantly lower passing rates for students in special education. There were not large enough numbers to do a statistical analysis on special education students separated into free or reduced lunch and regular paid lunch, but it appears that the combination of free or reduced lunch and special education is the toughest “label” for students to overcome in terms of mathematics achievement. 

While some aspects of Math Expressions are unique as a mathematics program, other aspects are common to most reform mathematics programs. Things like an emphasis on conceptual understanding and alternative algorithms seem to be a common theme among most reform programs. It is clear in Math Expressions, as with other reform programs, that continued teacher training is paramount. 

The fact that this program is based on five components and most teachers felt they had only implemented some of those components points to the need for ongoing teacher support through grade-level meetings, math coaches, or some form of professional development. The fact that most teachers were trained locally by other classroom teachers and significant gains were made among free or reduced lunch students is profound. 

The fact that fewer than half of the participants felt they had implemented two of the five components, is also profound. Both speak to the importance of professional development for continual improvement at the classroom level. Part of that professional development should include rationale for program design. Some of the most effective aspects of the training designed by Karen Fuson were the inclusion of the research base for certain aspects of the program. For example, teachers were told about research that showed when subtraction with and without regrouping were taught simultaneously in second grade, the number of student errors made in subtraction with regrouping diminished significantly. That kind of information helps teachers to see the purpose of program design and helps encourage complete implementation. Similarly, continued emphasis on professional development and grade-level meetings (where skill components like Quick Practice, Student Leaders, or playing math games serve as an alternative to “drill and practice”) helps to ensure that the program is implemented as designed, which should also help to maximize student achievement.
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