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Introduction

Concerns about the performance of American students in mathematics have been at the forefront on policy discussions.  Most recent test scores indicate that less than 40 percent of fourth through eighth graders are considered proficient in math.
  Additionally, there remains a persistent racial gap among students.
 
Deteriorating math comprehension among American students is a long standing concern.  In 2000 the National Council of Teachers in Mathematics (NCTM) set forth comprehensive standards as a foundation for strengthening mathematics curricula for students from kindergarten through high school (McKinney and Frazier 2008).  Even prior to this, NCTM encouraged teachers to explore constructive methods of teaching mathematics that allowed students to make mistakes, and learn from them, in solving complex problems to challenge students and help build confidence (Bottge 1999).
EnterpriseMath occurs in this context of finding ways to assist teachers in improving the math curriculum through challenging students and developing practical problems relevant to the students’ experiences to emphasize the practicality of the subject.
Review of the Literature

Heckman demonstrated that early interventions aimed at improving the academic performance of disadvantaged children can have long-term effects in improving their outcomes (Heckman 2006).  Heckman asserted that early interventions are most effective at closing performance gaps.  The younger children can be initially influenced, the greater and longer lasting the impacts of the intervention; although interventions at later stages of adolescence are also beneficial.  Todd and Wolpin (2007) similarly note that tests scores from children as young as seven years old have been shown to be correlated with future earnings, education and other labor market choices. EnterpriseMath, while focused on middle school students as opposed to even younger, is designed to aid preparation for high school and potentially college.
EnterpriseMath supplements a traditional math curriculum by using real world problems to give context to math techniques and tools.  In this sense, EnterpriseMath may be considered a form of problem based learning (PBL) or context based learning.  Much of the literature on PBL that exists focuses on medical school students (see de Leng at al 2006, Kerfoot et al 2005, Nuala et al 2004, Wood 2003);  however, there is some work focused on middle schoolers.  Hmelo-Silver (2004) acknowledges the paucity of research on PBL in the K-12 environment and that there is a need to understand how PBL may work in less specialized and skilled settings.  The current research project on Enterprise Math helps to fill this gap.
In general, problem based learning is an approach that combines traditional classroom curriculum with contextual scenarios to facilitate both the learning of the concepts and also appropriate applications of those concepts.  Kolodner et al (2003) notes that “too often, science instruction fails to engage students’ interests and is divorced from their everyday experience”.  Thus there is a general recognition that effective teaching depends on making curriculum relevant for students, similar to the recommendation from the NCTM.  PBL can be used to combine subjects, such as science and social studies (Metz 2007), to integrate contextual problem solving into science curricula (Kolodner et al 2003, Sungur et al 2006).  There is also some research on PBL as applied to mathematics (Jurow 2005, Bottge 1999, Erickson 1999, Cain 2002).  Thus applications of PBL can vary across subjects.  
There is a body of literature focused on the need for great context and complexity in mathematics teaching and learning in middle school.  Bottge (1999) documented the inability of American children, in general, to display adequate mathematics comprehension, with the problem being more acute for disadvantaged children.  He concluded that incorporating context and complex problem solving into the mathematics curriculum can improve achievement.  Erickson (1999) also discusses the need for context to given otherwise rote mathematics tasks meaning for students, and the criteria for a sufficient PBL approach to mathematics.

In 2002, a program similar to EnterpriseMath was implemented in low-performing schools in Lafayette Parish, Louisiana (Cain 2002).  The program, the Connected Mathematics Project (CMP), developed at Michigan State University, embedded traditional mathematics curriculum into real-life stories and group activities.  CMP was piloted in four schools with encouraging results. The low-performing pilot schools improved their comprehension to score ahead of other middle schools in the parish.  More recently, Jurow (2005) evaluated the experience of eighth grade students learning a math curriculum embedded in an architectural project.  In designing the imaginary facility, students grapple with geometry, arithmetic, optimization and graphing.  
EnterpriseMath is unique in that it expressly integrates economic concepts into the mathematics curriculum.  The program connects math concepts to real world situations, such as exploring the link between education and earnings, and introduces students to the economic concepts that they will be exploring in more detail in later social studies or economics courses, such as supply and demand.  This work augments the existing literature by focusing exclusively on the experience of middle school students and addressing a subject that has long been recognized as crucial for success yet suffering from deteriorating performance over all.
Project Description 

Description of EnterpriseMath

In the state of Ohio, Reading and Mathematics are the only two disciplines that are monitored via statewide standardized test at virtually every grade level.  From student scores on these assessments, each public school building and district is given a “report card” on its effectiveness.  From a publicity, accountability, and in some cases, funding standpoint, these tests are high stakes for the school, district and perhaps teacher.  From a student standpoint, these students are told of the “importance” of doing well on these tests; but they realize by the time they enter Middle school, that failure to do well on them has no consequence to them as individuals.  
Under potentially intense pressure from their districts and schools for students to perform, teachers appear to be focusing on these exams and in many cases “teaching to the test”.  This does not make for the most innovative teaching methods.  Motivating the student to learn so that they “do good” on the state test is an ongoing challenge.  EnterpriseMath was designed as a supplemental resource to allow middle school teachers (grades 6-8) to bring math “to life” and put their standards for teaching into a context that most appeals to students of this age.  

The purpose of this research study was to gauge the effectiveness of adding these context lessons into a standardized classroom experience with minimal teacher training, therefore obtaining data focused on the effectiveness of the lessons themselves rather than the result of increased teacher training.  The final implementation model chosen was built around a compromise of extremes – Teachers would receive a limited amount of training; but be required to follow a structured implementation plan with a common minimum number of lessons to be used.  The EnterpriseMath curriculum did not substitute for the standard mathematics curriculum, but rather was a value-added component designed to supplement the existing curriculum.
The curriculum and lessons used in EnterpriseMath was designed in 2007 by the Economics Center for Education & Research, University of Cincinnati.  All lessons are linked to the State of Ohio’s Mathematics Academic Content Standards. These lessons target grades six through eight with a content focus on a motivating subject for middle school: money, choices and economics. Each lesson includes a life experience connection so students can see the relevancy of the mathematics to their lives.
The primary expectation of teachers was that they teach at a minimum three EnterpriseMath lessons per benchmark period, approximately six weeks of instruction focused on a particular content area within the standard curriculum, at the end of which an assessment is given to measure student’s progress toward mastery of indicators taught.  Some lessons could span several days. In addition to those experiences, the researcher went into each classroom once per benchmark period to teach an entrepreneurial lesson that concluded with a 30 minute business computer simulation. Each student in the treatment was to be exposed to at least sixteen EnterpriseMath experiences.  Upon completion of lessons, teachers were expected to complete a feedback survey. Two different ones were provided for their use, one simply asking them to bubble in responses and one more statement driven requiring comments.  

The EnterpriseMath sixth grade curriculum was aligned to existing curriculum maps to layout the course of study into the four benchmark periods. Teachers were given an EnterpriseMath book for each benchmark period containing lessons aligned to what is to be covered.  
Sample Design

EnterpriseMath was implemented in a sample of sixth grade classrooms in an urban, public school district during the 2008-2009 academic year.  This district is characterized by a high proportion of minority students and students living in poverty, similar to other urban, public school districts.  Nearly 69 percent of students are non-Hispanic African-American, and about 68 percent are characterized as economically disadvantaged.  Additionally, 20 percent of the district’s students are characterized as learning disabled.
  There are 41 K-8 schools in the district, from which a random sample of eight schools were selected to receive the treatment.  Of the remaining 33 schools, eight schools were excluded from the sample as they were known, or strongly believed, to be facing closure or reorganization.  
Teachers in the treatment schools were given the EnterpriseMath lessons to administer alongside the standard math curriculum. All sixth grade students in the treatment school were provided the treatment, unless excluded from the regular math curriculum, such as in the case of severe learning disability.
  Additionally, all sixth grade students were administered an attitudinal survey at the beginning of the academic year and again at the end of the year to capture their perceptions about math.
This yielded an initial sample of 1,007 unique students.  Data gathered from attitudinal surveys were merged with academic and demographic data received from the district.  After eliminating students with no district data, likely due to transition out of the district, 1,001 unique students with complete data records remained in the sample.  After eliminating students who transferred to other schools within the district, the initial sample for analysis contained 935 unique students.  Finally, students who did not have more than one recorded benchmark test score in math were excluded, bringing the final sample for analysis to 655 unique students and 19 total schools.  
Data and Variables

Demographic characteristics controlled for included student age, gender and race.  On average, the age of students was similar in both control and treatment schools; however, as the table below illustrates, despite the random assignment, treatment schools had a higher proportion of African-American students and a lower proportion of female students than the control schools.  As there are both racial and gender gaps typically observed in mathematics (see Ma and Klinger 2000), it is unclear if such a gap will exist between treatment and control schools as the proportions of females and minority students may have offsetting impacts on the average school scores.
	Table 1

	Average Demographic Characteristics (standard deviations in parentheses)

	
	Full Sample
	Control Schools 
	Treatment Schools

	Age
	11.24
	11.25
	11.23

	
	(0.623)
	(0.637)
	(0.6)

	Percent African-American
	74.05
	68.88
	83.33

	
	(0.44)
	(0.464)
	(0.833)

	Percent Female
	49.47
	50.59
	47.4

	
	(0.5)
	(0.506)
	(0.5)

	Number of students
	655
	421
	234


School-level variables controlled for included teacher credentials – highest degree earned, years teaching sixth grade math, and teacher confidence in teaching sixth grade math, as well as indicators of overall school performance.  School performance variables included the average score on the Ohio Achievement Test (OAT) 5th grade math test and school rating characteristics as determined by the state school report card.  The Ohio Achievement Test is the standardized annual assessment test given statewide to third through eighth graders.
  Subjects covered vary between grades beginning with only math and reading for the youngest students and later including writing, social studies, and science.  The state school report card is also a standardized reporting tool based on data received from each district.  The school receives an overall rating based on the academic performance of students, and other characteristics such as attendance and graduation rates.
  School rating characteristics in the analysis include the school designation (five categories ranging from academic emergency to excellent with distinction), the percent of standards the school met, and the size.
As the table on the next page illustrates, school-level characteristics were similar for both treatment and control schools with one exception.  On average, treatment schools had a higher proportion of state standards met than control schools.   In general, both treatment and control schools had generally unfavorable designations.  Also, teachers in treatment schools in general responded that they had slightly less confidence on average, yet had slightly more training (higher degrees) and reported teaching sixth grade math slightly longer than control school teachers but the difference was not statistically significant.
	Table 2

	Average Teacher and School Characteristics (standard deviations in parentheses)

	
	Full Sample
	Control Schools 
	Treatment Schools

	Teacher Confidence
	4.2
	4.42
	3.86

	
	(0.787)
	(0.669)
	(0.9)

	Average OAT 5th grade pre-test score
	384.33
	385.85
	381.74

	
	(10.86)
	(11.07)
	(10.82)

	Percent of Standards Met
	13.75
	11.24
	18.04

	
	(0.14)
	(0.11)
	(0.18)

	Designation

	1.89
	1.83
	2

	
	(0.737)
	(0.718)
	(0.82)

	Teacher's highest Degree

	2.63
	2.5
	2.86

	
	(0.83)
	(0.9)
	(0.69)

	Size
	518.11
	531.67
	494.86

	
	(136.1)
	(127.89)
	(156.81)

	Years teaching 6th grade math
	6.32
	5.83
	7.14

	
	(4.61)
	(4.13)
	(5.58)

	Number of schools
	19
	12
	7


The research design centers on two hypotheses.  The primary hypothesis is that EnterpriseMath is effective at increasing mathematics achievement.  The second hypothesis is that EnterpriseMath positively impacts students’ attitudes towards math.  To assess the first, data were collected from the school district at the student level on demographic characteristics and academic performance.  These data were collected for students receiving the EnterpriseMath treatment and students in control schools.  The survey responses for an attitudinal post-test, a modified form of the Attitudes Towards Mathematics Inventory (ATMI) (Tapia & Marsh II, 2004), given at the end of the year, were merged with the student level demographic and academic characteristics to assess the second hypothesis.
Academic achievement was measured using the student math scores on the four standardized benchmark tests given within the district and math score on the state standardized test, the OAT.   The benchmark test content is standardized throughout the district, and although each test focuses on a particular unit of the math curriculum, scores are treated as longitudinal.  Not all students in the sample took all four benchmarks, thus to permit longitudinal analysis missing values were imputed from existing data to construct a balanced and complete panel.
To control for initial ability, data were collected on the fifth grade OAT math test given to the incoming students at the end of the fifth grade year.  Other covariates included student age, gender, and race, as well as teacher characteristics collected from a survey and school characteristics published by the Ohio Department of Education as part of the state rating system.  Designation captures the state’s composite rating of school effectiveness and ranges from a rating of ‘Excellent’ to ‘Academic Emergency’.  There are five possible designation categories.  A teacher survey collected information on the teacher’s highest degree earned, the number of years teaching sixth grade math, and the teacher’s perceived confidence and effectiveness in teaching math.  Additionally, student attitudes towards math were recorded with the ATMI pre- and post-tests.  Initial attitudes towards math were included as a covariate in the analysis.
The table below contains the unconditional mean test scores for the full sample, and control and treatment schools.  These statistics indicate that, a priori, the control and treatment schools display similar profiles in terms of standardized testing scores, progress on the benchmark tests, and also student attitudes towards math.  These data do not indicate an initially observable effect of the treatment.
	Table 3

	Average Test Scores (standard deviations in parentheses)

	
	Full Sample
	Control Schools 
	Treatment Schools

	ATMI Pretest
	3.86
	3.87
	3.85

	
	(0.604)
	(0.627)
	(0.56)

	ATMI Post-test
	3.74
	3.77
	3.72

	
	(0.639)
	(0.659)
	(0.602)

	OAT 5
	383.14
	384.82
	380.12

	
	(29.92)
	(31.48)
	(26.68)

	OAT 6
	396.76
	397.24
	395.88

	
	(33.53)
	(34.26)
	(32.25)

	Math Benchmark 1
	44.36
	46.2
	41.11

	
	(15.67)
	(16.68)
	(13.11)

	Math Benchmark 2
	42.65
	44.22
	36.65

	
	(18.03)
	(18.28)
	(17.35)

	Math Benchmark 3
	43.03
	44.44
	40.56

	
	(22.3)
	(23.13)
	(20.59)

	Math Benchmark 4
	57.83
	57.2
	58.92

	
	(19.8)
	(20.96)
	(17.6)


As students are clustered at the classroom/teacher level, hierarchical linear modeling is used to examine the impact of the treatment on the outcomes of interest, standardized test scores.  Additionally, benchmark scores are a repeated measure clustered at the student level.
For examining the impact on EnterpriseMath on academic achievement two analyses were conducted.  The first considered the math score the district benchmark tests and utilized the sample of students who had at least two recorded benchmark scores, yielding a sample of 651 students in 19 schools.  The second test analyzed math scores on the state achievement test, OAT, for a sample of 655 students. 

Methodology
Hierarchical linear modeling is an established analytical tool for education research (see Raudenbush 1988, Raudenbush and Bryk 1986, Ma and Klinger 2000, Raudenbush and Bryk 2002).  Hierarchical linear modeling is similar to ordinary least squares in that it estimates the impacts of a linear relationship between the outcome of interest and the covariates.  Additionally, it allows the intercept of the equation to vary for different groups of observations, or clusters, to account for any effects that may be a result of the grouping.  For example, all students in a given class are instructed by the same teacher.  Thus, characteristics of the teacher influence the performance of all students in the class.
As mentioned previously, benchmark test scores are treated as a repeated measure, thus each score is clustered at the student level.  Additionally, students are clustered at the classroom, or teacher, level.  Thus, the model for assessing the impact on benchmark scores contains three levels – score, student, and class.  For examining the impact on the OAT and the ATMI post-test, the models each contain two levels, student and class.  Additionally, student level characteristics are included as deviations from means.
To estimate the impact of the treatment, EnterpriseMath, on students, benchmark scores were modeled in the first level as a function of an intercept, time and its square, and a random error to assess the impact of EnterpriseMath on both the change in scores and the rate of change:

Yij = π0 + π1ij*time + π2ij*time squared + εij 

(1)
Where Yij  is the student’s math benchmark test score.

The intercept, change in score and rate of change all depend on the individual characteristics of the students.  Thus, the second level models these parameters as functions of the students initial ability (OAT 5), initial attitudes towards math, age, gender, and race.


The parameters associated with each of the student effects depend on teacher and school characteristics.  The third level models the student parameters as functions of the school designation, whether the school is a recipient of the treatment, the proportion of African-American students, the average initial math ability of the class, (average fifth grade OAT math score), the average initial attitude towards math, the teacher’s reported confidence, teacher’s highest degree earned, and the number of years teaching sixth grade math.  

To estimate the impact of EnterpriseMath on the state standardized test, the 6th grade OAT math score was modeled in two levels.  The first level specified the score as a function of student characteristics and a random error:
Yij = β0 + β1ij*initial ability + β2ij*initial attitudes + β3ij*race + εij

(2)
Where Yij  is the student’s OAT math  score.

As with the benchmark score model, the intercept, or group average score, was modeled as a function of school and teacher characteristics, treatment, as was the coefficient on race.  Coefficients on ability and attitudes were treated as random effects depending only on an intercept term and random error.


To estimate the impact of EnterpriseMath on student attitudes, the score from the AMTI post-test was modeled in two levels.   The first level specified the attitudinal score as a function of student characteristics and a random error:

Yij = β0 + β1ij*initial ability + β2ij*initial attitudes + β3ij*age + β4ij*gender + β5ij*race + εij  (3)
Where Yij  is the student’s ATMI post-test score.

The intercept, or group average, was modeled as a function of school level characteristics, including the treatment.  The impacts of the student characteristics were also modeled as functions of the treatment and other school and teacher characteristics.
Results
Achievement Test Scores


The results presented here are preliminary and subject to revision.  To simplify the presentation of the benchmark test results, the discussion presented here focuses on the impact of the treatment and abstains from presenting the impacts of other covariates.  For all model results, please see the appendix.  As the estimates in table 4 indicate, the initial benchmark math test score was negatively related to being in a treatment school, indicating that despite random assignment of the treatment, on average students subject to the treatment had lower initial benchmark test scores, nearly eight percentage points lower than their control counterparts.  The impact of the initial achievement gap is even more acute for students with initially negative attitudes towards math.  The initial achievement gap is statistically significant at the 1-percent level.
	Table 4

	Dependent Variable: Benchmark Test Scores

	Fixed Effects
	Coefficient
	S.E.
	t-value
	p-value

	Intercept (Initial group average Benchmark score) π0

	
	
	
	

	Student Intercept (Initial student Benchmark score) β00 

	
	
	
	

	Class Intercept (Initial class average) γ000
	48.912
	1.785
	27.397
	0

	Treatment 
	-7.909
	2.558
	-3.092
	0.01

	Student initial attitude β02

	
	
	
	

	Intercept (class average) γ020
	4.293
	0.955
	4.493
	0

	Treatment
	-4.474
	1.583
	-2.827
	0.005

	Change in Score π1

	
	
	
	

	Student Intercept (student average change) β10

	
	
	
	

	Class Intercept (class average change) γ100
	-6.367
	1.624
	-3.92
	0

	Treatment
	1.119
	1.473
	0.759
	0.448

	Student initial attitude β12

	
	
	
	

	Class Intercept (class average) γ120
	-2.468
	1.393
	-1.771
	0.076

	Treatment
	6.626
	2.356
	2.812
	0.005

	Growth rate of score change π2

	
	
	
	

	Student Intercept (Student average rate) β20
	
	
	
	

	Class Intercept (class average rate) γ200
	3.047
	0.523
	5.824
	0

	Treatment
	0.658
	0.466
	1.412
	0.158

	Student initial attitude β22

	
	
	
	

	Class Intercept (class average) γ220
	0.745714
	0.447962
	1.665
	0.096

	Treatment
	-1.926188
	0.758591
	-2.539
	0.011


Estimates associated with the change in score indicate that the treatment was associated with a larger change in benchmark scores for students with more favorable attitudes towards math.  Estimates for the rate of change further confirm this result, suggesting that for students with initially positive attitudes towards math, the treatment accelerated the narrowing of the initial achievement gap.  Both estimates are statistically significant at the 1-percent level.

When examining the impact of EnterpriseMath on the OAT math score, the results indicate that the treatment was associated with higher average scores, about 4.5 percentage points on average, other factors constant.  The results also indicate, however, that the treatment is most effective for non-African-American students.  African-American students had lower OAT scores on average, and students in the treatment schools specifically have lower OAT math scores, about 6.3 percentage points lower than their control counterparts.
	Table 5

	Dependent Variable: OAT Math Score

	Fixed Effects 
	Coefficient
	S.E.
	t-value
	p-value

	Intercept (group average score) β0
	
	
	
	

	Class Intercept (class average) γ00
	399.557
	1.174
	340.208
	0.000

	Treatment
	4.514
	1.751
	2.578
	0.023

	School Designation
	13.778
	2.043
	6.745
	0.000

	Class average initial Math ability
	-0.787
	0.167
	-4.701
	0.000

	Teacher's highest Degree
	-6.302
	0.979
	-6.438
	0.000

	Years teaching 6th grade Math
	0.944
	0.304
	3.107
	0.009

	Student Initial Math Ability β1
	
	
	
	

	Intercept (class average) γ10
	0.768
	0.040
	19.269
	0.000

	Student initial attitude β2
	
	
	
	

	Intercept (class average) γ20
	4.723
	2.138
	2.209
	0.040

	Student African-American  β3
	
	
	
	

	Intercept (class average) γ30
	-2.192
	1.205
	-1.819
	0.086

	Treatment
	-6.344
	1.964
	-3.230
	0.005


Attitudes


The impact of the treatment on student attitudes was considered as a school-level fixed effect influencing the impact of other student level characteristics on math attitudes.  The results indicate that EnterpriseMath was not effective at improving attitudes towards math.  On average, students in the treatment group had lower attitudinal post-test scores, about 12.5 percent, than students in the control schools.  Further, the treatment appears to be associated with even lower post-test attitudes for students with lower levels of initial math ability and those with initially less favorable attitudes towards math.  The effects are statistically significant at the 1-percent level.  
	Table 6

	Dependent Variable: Post-ATMI Score

	Fixed Effect
	Coefficient
	S.E
	t-value
	p-value

	Student Intercept β0
	
	
	
	

	Class Intercept (class average) γ00
	3.715
	0.066
	56.048
	0.000

	Treatment
	-0.125
	0.059
	-2.110
	0.051

	Proportion African-American
	0.580
	0.174
	3.343
	0.005

	Student Initial Math Ability β1
	
	
	
	

	Intercept (class average) γ10
	0.003
	0.001
	5.042
	0.000

	Treatment
	-0.005
	0.001
	-5.165
	0.000

	Proportion African-American
	-0.010
	0.002
	-4.114
	0.001

	Class average initial Math ability
	0.000
	0.000
	-2.840
	0.013

	Student initial attitude β2
	
	
	
	

	Intercept (class average) γ20
	0.545
	0.043
	12.749
	0.000

	Treatment
	-0.362
	0.080
	-4.504
	0.000

	Percent of standards met
	1.309
	0.309
	4.239
	0.001

	Student age β3
	
	
	
	

	Class Intercept (class average) γ30
	0.038
	0.036
	1.082
	0.295

	Treatment
	-0.193
	0.056
	-3.426
	0.004

	Student Female β4
	
	
	
	

	Class Intercept (class average) γ40
	-0.001
	0.043
	-0.034
	0.973

	Class average initial attitude
	0.439
	0.088
	4.990
	0.000

	Student African-American  β5
	
	
	
	

	Class Intercept (class average) γ50
	0.102
	0.077
	1.320
	0.206

	Proportion African-American
	-0.841
	0.230
	-3.651
	0.002

	Class average initial Math ability
	-0.016
	0.005
	-3.654
	0.002


Discussion


The estimates indicate that the treatment is effective at improving academic achievement, but only among students who have a preexisting facility with math or an otherwise favorable attitude.  Thus, the results suggest that EnterpriseMath is effective when conditions are most conducive.  The results also indicate that EnterpriseMath does not create conducive conditions as it appears ineffective at improving students’ attitudes towards math.  
  
The analysis presented is limited by data availability in some important ways.  Firstly, while we know that some of the students included in the study are diagnosed as having a learning disability, we cannot identify such students nor their level of disability.  We cannot isolate the impact of learning disabilities on the outcome.  

Generally speaking, the impact of race on the outcomes is negative, and particularly so for the treatment.  The racial gap in academic achievement is well documented, although the underlying dynamics are less well understood.  Clotfelter et al (2009) find socio-economic characteristics explain a large portion of the gap, about one-third.  Similarly, Todd and Wolpin (2007) estimated that the racial gap in test scores could be narrowed by as much as 10-20 percent if home inputs were the same, and mother’s ability is a strong component of the home characteristic, while Fryer and Levitt (2006) find no compelling evidence of home inputs as a determinant of the racial gap in test scores.  Card and Rothstein (2007) find evidence that the racial achievement gap is influenced by the degree of racial segregation in schools and neighborhoods.  These effects are accounted for in the model to the extent that the impact of student race depends on the racial composition of the school.   While a measure of socio-economic status is currently not included in the analysis, a school-level measure is available and will be incorporated.
Other considerations for the future include the simultaneous nature of some student-level variables.  For example, students who have positive attitudes towards math may do better because they like math.  Similarly, they may like math because they do well.  While focusing exclusively on the attitudinal pre-test as a covariate for future values of math test scores can eliminate some of this simultaneity, it may still exist for first benchmark test scores.  Additionally, that attitudinal measure may be multicollinear with the initial ability measure
 Also, as mentioned previously, EnterpriseMath was a curriculum supplement, not a curriculum substitute.   It is possible that by adding to the amount of time spent doing math, the treatment was counterproductive for students who initially had a negative attitude towards math.  The negative impact on the ATMI post-test may be reflective of a true negative impact on student attitudes, particularly if the treatment classes were dominated by students who generally disliked math and/or did not do well in math; although from the summary statistics it did not appear that treatment students overall had more negative attitudes or considerably worse performance in math than control students at the beginning of the year.

Conclusion


The results indicate that EnterpriseMath is effective at improving student achievement; although the positive impacts are generally observed for students believed to be generally the least at-risk.  Additionally, the results indicate that EnterpriseMath was ineffective at creating an environment more conducive to achievement in that it did not produce significant improvement in student attitudes towards math.  
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Appendix
Full Results for Benchmark Test Model
	Table A1

	Dependent Variable: Benchmark Test Scores

	Fixed Effects for Benchmark Tests
	Coefficient
	S.E.
	t-value
	p-value

	Intercept (Initial group average Benchmark score) π0
	
	
	
	

	Student Intercept (Initial student Benchmark score) β00
	
	
	
	


	Class Intercept (Initial class average) γ000
	48.912
	1.785
	27.397
	0

	Treatment
	-7.909
	2.558
	-3.092
	0.01

	School Designation
	6.670
	2.427
	2.749
	0.018

	Proportion African-American
	19.067
	7.364
	2.589
	0.024

	Class average initial Math ability
	0.582
	0.262
	2.218
	0.046

	Class average initial attitude
	15.071
	5.727
	2.632
	0.022

	Teacher Confidence
	-6.450
	2.131
	-3.027
	0.011

	Student Initial Math Ability β01
	
	
	
	

	Intercept (class average) γ010
	0.268
	0.015
	17.462
	0

	Teacher's highest Degree
	0.047
	0.014
	3.228
	0.002

	Student initial attitude β02
	
	
	
	

	Intercept (class average) γ020
	4.293
	0.955
	4.493
	0

	Treatment
	-4.474
	1.583
	-2.827
	0.005

	Teacher Confidence
	-3.954
	1.327
	-2.98
	0.003

	Years teaching 6th grade Math
	0.408
	0.183
	2.23
	0.026

	Student African-American  β03
	
	
	
	

	Intercept (class average) γ030
	-0.914
	1.271
	-0.719
	0.472

	Proportion African-American
	-12.375
	5.307
	-2.332
	0.02

	Class average initial Math ability
	-0.471
	0.144
	-3.273
	0.001

	Change in Score π1
	
	
	
	

	Student Intercept (student average change) β10
	
	
	
	

	Class Intercept (class average change) γ100
	-6.367
	1.624
	-3.92
	0

	Treatment
	1.119
	1.473
	0.759
	0.448

	School Designation
	5.140
	1.364
	3.769
	0

	Proportion African-American
	-4.592
	2.110
	-2.176
	0.029

	Class Average Initial Ability
	-0.839
	0.146
	-5.735
	0

	Teacher's highest degree
	-2.639
	0.464
	-5.688
	0

	Teacher Confidence
	1.226
	0.604
	2.031
	0.042

	Student Initial Math Ability β11
	
	
	
	

	Class Intercept (class average) γ110
	0.128
	0.024
	5.4
	0

	Student initial attitude β12
	
	
	
	

	Class Intercept (class average) γ120
	-2.468
	1.393
	-1.771
	0.076

	Treatment
	6.626
	2.356
	2.812
	0.005

	Teacher Confidence
	4.462
	1.991
	2.242
	0.025

	Years teaching 6th grade Math
	-0.277
	0.092
	-3.005
	0.003

	
	
	
	
	

	Table A1 continued

	Student age β13
	
	
	
	

	Class Intercept (class average) γ130
	-0.458
	0.283
	-1.621
	0.105

	Proportion African-American
	-3.008
	1.125
	-2.675
	0.008

	Student Female β14
	
	
	
	

	Class Intercept (class average) γ140
	1.994
	1.125
	1.772
	0.076

	School Designation
	-2.656358
	0.593243
	-4.478
	0

	Student African-American  β15
	
	
	
	

	Class Intercept (class average) γ150
	-1.888
	1.725
	-1.095
	0.274

	Class average initial Math ability
	0.615
	0.153
	4.029
	0

	Class average initial attitude
	3.861
	1.476
	2.616
	0.009

	Years teaching 6th grade Math
	-0.194
	0.075
	-2.591
	0.01

	Growth rate of score change π2
	
	
	
	

	Student Intercept (Student average rate) β20
	
	
	
	

	Class Intercept (class average rate) γ200
	3.047
	0.523
	5.824
	0

	Treatment
	0.658
	0.466
	1.412
	0.158

	School Designation
	-1.021
	0.420
	-2.431
	0.015

	Class Average Initial Ability
	0.158
	0.043
	3.687
	0

	Student initial math ability β21
	
	
	
	

	Class Intercept (class average) γ210
	-0.028859
	0.007637
	-3.779
	0

	Student initial attitude β22
	
	
	
	

	Class Intercept (class average) γ220
	0.745714
	0.447962
	1.665
	0.096

	Treatment
	-1.926188
	0.758591
	-2.539
	0.011

	Teacher Confidence
	-1.302158
	0.64459
	-2.02
	0.043

	Student Female β23
	
	
	
	

	Class Intercept (class average) γ230
	-0.653919
	0.390948
	-1.673
	0.094

	Proportion African-American
	-1.070395
	0.536766
	-1.994
	0.046

	Student African-American  β24
	
	
	
	

	Class Intercept (class average) γ240
	0.649144
	0.552357
	1.175
	0.24

	Class average initial Math ability
	-0.171624
	0.048523
	-3.537
	0.001


� WSJ October 15, 2009


�See Fryer and Levitt (2006), Todd and Wolpin (2007), Card and Rothstein (2007), Clotfelter et al (2009)


� District report card for the 2008-2009 school year.  Ohio Department of Education.


� As the district has an inclusion model, some students diagnosed with learning disabilities receive the regular curriculum.  Only those students with the most severe disabilities are excluded.


� Ohio Department of Education.  http://www.ode.state.oh.us


� Ohio Department of Education.  http://www.ode.state.oh.us


� Designation: 1-Academic Emergency, 2-Academic Watch, 3-Continuous Improvement, 4-Effective, 5-Excellent with Distinction


� Teacher’s highest degree: 1-Bachelors, 2-Bachelors+, 3-Masters, 4-Doctoral


� Additional student fixed effects include student initial math ability as a function of teacher’s highest degree, and student race (African-American) as a function of the proportion of African-American students and class average initial math ability.


� Additional school fixed effects include school designation, proportion of African-American students, class average initial math ability, class average initial attitude, and teacher confidence


� Additional school fixed effects include teacher confidence and years teaching sixth grade math.


� Additional student fixed effects include student initial math ability, student age as a function of proportion African-American, student gender (female) as a function of school designation,  and student race (African-American) as a function of class average initial math ability, class average initial attitude, and years teaching sixth grade math.


� Other school fixed effects include school designation, proportion African-American, class average initial math ability, teacher’s highest degree and teacher confidence.


� Other school fixed effects include teacher confidence and years teaching sixth grade math.


� Other student fixed effects are student initial math ability, student gender (female) as a function of proportion African-American, and student race (African-American) as a function of class average initial math ability.


� Other school fixed effects include teacher confidence.
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