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Abstract

The black-white achievement gap is an inexplicable and damaging aspect of the school

system. Previous research has suggested that differences in school structure between ele-

mentary and middle school play a role in determining motivation and academic success for

black students. We utilize regression analysis on survey data previously collected through

the Tennessee Student Teacher Achievement Ratio project and incorporate various mea-

sures of academic success, such as GPA, ACT scores, and CTBS scores. We use these to

determine the impact of school structure on achievement across both races and confirm

that graduating from elementary to middle school in the 5th or 6th grade has a differential

negative impact on blacks. These results are robust to numerous specifications. Adoption

of the middle school structure by school districts seems to be linked with decreasing aca-

demic performance in general and affects the achievement gap acutely. More distressing

is that education has been defined by a shift to a middle school model over the past few

decades. Policy implications of our research most include a reversion to the elementary

school model, but are marred by possible selectivity bias in our data.

Acknowledgements

We would like acknowledge the enormous contributions of Kerwin Charles, the Uni-

versity of Chicago Harris School of Public Policy, and the Illinois Math and Science

Academy. We would also like to thank Jens Ludwig, Nikolas Mittag, Charles, and

April Wu. We wish them the best in their future endeavors.

1



1 INTRODUCTION

1 Introduction

The black-white achievement gap is a longstanding, unresolved issue that exists

within the educational realm. Since 1966, with the release of the Coleman re-

port (Coleman et al.), research has demonstrated that black students consistently

score lower on tests of academic achievement than their white counterparts. Despite

slightly narrowing since its discovery, the black-white achievement gap has remained

largely constant and, more importantly, inexplicable.

Numerous studies have made efforts to address what variables place black stu-

dents at a disadvantage in academics and standardized testing. The two primary

schools of thought are that the achievement gap stems from either a cultural bias to-

wards educational success in the black community or that it is a manifestation of the

correlation between race, socioeconomic status, and the resources that accompany

it.

Evidence has been found going against both theories. For example, potential

environmental variables such as school quality have been found to be insignificant

(Levitt and Fryer, 2005) while cultural differences have shown to be nonexistent

(Ferguson 2001, 2002). And while studies have been able to partially close the

gap with different sets of regressors, no research has been able to fully explain the

difference.

Previous research by Wang and Mirski (2009) suggested that, despite an absence

of school effort and study skills, blacks approached academic performance levels

comparable to whites in the years preceding the sixth grade. However, upon entering

sixth grade, the gap drastically widened once more. Further analysis determined a

significant difference in the black-white achievement gap for students who transferred

from one school to the next in summer between grades 5 and 6 compared to those

who did not. They posited that the widening of the black-white gap stemmed from

the transition from elementary to middle school.

Additional research found that the transition from elementary is accompanied

by a decline in motivation and self-esteem (Simmons and Blythe 1987), a decline

in academic performance (Alspaugh and Harting 1995), an increase in disciplinary

infractions (Cook et al. 2007), among a host of other academic, social, and dis-

ciplinary troubles. While puberty has been suggested as a potential underlying

factor, the overwhelming consensus is that middle schools are larger, less personal,

and place a greater emphasis on discipline and competition (Bedard and Do 2005).

Furthermore, sixth graders become the youngest in their grade configuration and

are exposed to the negative influence of older youth, which may negatively affect
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academic performance.

Although advocates believe that middle school provides an environment separate

from both younger and older children, who would exert a negative influence academ-

ically and socially, research has found that the movement to this school structure

system is associated with a 1% to 3% decrease in timely graduation rate. (Bedard

and Do, 2005) More notably, because on time graduation rates indicate the per-

formance of weaker students, these findings suggest that the middle school most

adversely affects weaker students.

Based on the aforementioned findings, it is troubling to note that the trend in

school structure has been towards a middle school model, with 58% of sixth graders

in 2001 enrolled in middle schools, up from 33% in 1986. Based on our own research,

it may also be that not only are all students affected by the elementary-middle

school transition, but black students are more severely affected than their white

counterparts.

It is critical that the middle school model be further examined to determine

whether it is a detrimental school structure for the education of both blacks and

whites. In order to do so, this paper will examine the effects of the middle school

model on grade point average (GPA), Comprehensive Test of Basic Skills (CTBS)

scores, and on time graduation rates of black and white students.

2 Materials and Methods

For this study, data from the Tennessee Student Teacher Achievement Ratio (STAR)

project was used. This data was originally meant for an analysis of the effect of

classroom size on student achievement. The four-year longitudinal study was funded

by the Tennessee General Assembly and included 79 public schools in Tennessee and

over 7000 observations. The study was conducted for elementary school students,

but after its conclusion, participants were tracked and contacted in eighth grade and

high school. Moreover, since STAR contains numerous categories that identify race,

academic achievement, and other covariates, the dataset lends itself particularly well

to an analysis of the black-white achievement gap.

In particular, the dataset includes a measure of a school’s grade span. Most

schools in the dataset have students from kindergarten through sixth grade, but

range from kindergarten to third grade through kindergarten through eighth grade.

Descriptive statistics are shown in table (1). A variety of measures were used as a

proxy for student achievement. Since the dataset includes both high school GPA

figures as well as ACT scores, we are able to estimate the effect of a certain year of
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graduation on academic achievement later in life. We also have 8th grade achieve-

ment figures for math, reading, science, vocabulary, and social studies from the

Comprehensive Test of Basic Skills (CTBS). All CTBS administered tests range in

value from 100 to 900, while ACT scores range from 1 to 36. GPA is given in terms

of an average percentage.

Grade range of a school is displayed in terms of numeric integers, with 3 repre-

senting a school that administers kindergarten through fourth grade. Each school

starts in kindergarten, with the vast majority of students (49.6%) in schools that

range from kindergarten through sixth grade. However, since we do not have infor-

mation on middle and high school grade ranges, we are not able to explicitly track

where students go after they graduate from their first school. We assume that high

school begins in 9th grade, and that students move on to schools with the next

grade upwards. This means we assume that a student who attended a kindergarten

through sixth grade school will next attended a seventh through eighth grade middle

school and then move on to high school. However, this assumption may be biased,

especially for the lower grades. This may occur because of the fact that schools rang-

ing from for instance kindergarten to third grade may have an intermediate school

between its middle school and high school. The cases for these lower range schools

must thus be considered separately from the longer range schools. However, the

assumption that students move to a middle then high school for high range starting

schools should be strong enough, at least past the kindergarten through fifth grade

schools.

We then proceeded to create a mathematical model of the black white achieve-

ment gap. This model was an extension of Derek Neal’s (2005) intergenerational

model. However, this paper extends the model to include a static state that ac-

counts for different preferences and dispositions between black and whites. The

model is a utility function in the form of a modified Cobb-Douglas production func-

tion. We then use diminishing marginal returns on education to formulate a steady

state for each generation of parents and children, and derive an equation for the

relative differences in human capital between blacks and whites. This model served

as a useful starting point to begin understanding the reasons and factors that lead

to a black-white achievement gap, and to identify how graduation year may affect

the gap.

To empirically assess the impact of graduation year on the black white achieve-

ment gap, we ran multivariate ordinary least squares (OLS) regressions to determine

the extent of the achievement gap. First we created a measure of the raw achieve-

ment gap for all students in the dataset. To create these, we created a binomial
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variable “black” that is coded 0 for white students and 1 for black students. All

other races were dropped from the sample. Thus, when regressed for an achievement

measure such as ACT score or GPA, the coefficient on the binomial variable black

should give the average differential achievement between blacks and whites for that

particular achievement measure. For instance given the equation Y = β1Black+ ε0,

β1 would give the standard deviation difference between blacks and whites in test

score measure for a standardized achievement measure Y, with standard deviation

1 and mean 0. We conducted this regression for various measures of achievement.

Next, we included numerous covariates in these regressions, such as free lunch eli-

gibility, age, gender, grade level, and others, to find a standard deviation difference

in academic achievement with controls in place. These allowed us to get a better

measure of the true difference between black and white students irrespective of other

factors, such as family background or age.

After we obtained estimates of the average black white achievement gap in stan-

dard deviations from the previous regressions, we looked at how much of the raw and

controlled differences were attributable to graduation year. First, we attempted to

see the effects of graduation year on the average achievement measures, irrespective

of race. To perform these regressions, we created binomial variables that denoted

the grade range of the school that a student entered into. These regressions allowed

us to calculate the average effect, with and without controls, of graduating from a

middle school of a certain grade range. Thus, we coded these binomial variables to

equal 1 if the student had attended the school with a specified grade range, and 0

otherwise. For instance schk4 (School K-4) is coded 1 for all students that attended

a school that served students from kindergarten to fourth grade, and 0 for all other

students. We created a matrix of binomial variables that included each of the school

grade ranges available in the STAR dataset. Although we do acknowledge the fact

that this way of identifying the graduation grade may be erroneous in some areas,

for instance for students who migrate from one school to another, we believe that

the rate at which transfers and other unique events occur is low enough to yield a

good estimate. For our analysis, we shall assume that the end grade for the school

grade range represents the graduation year. We also do not need to worry about

students who have not graduated yet, since the progressive STAR study followed all

students until high school.

With the binomial variables of graduation year in place, we then regressed various

achievement measures with the binomial variables as covariates. We dropped the

sixth grade graduation variable for our regression, as it contained the largest amount

of observations and would thus represent the smallest amount of variation when
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analyzing the error term. This is because a regression with the complete matrix of

binomial variables would be nonsensical, since each would equal 1. This essentially

forces our regression through certain points and biases the results to the point where

they are untenable. Thus, in order to analyze the regression, we must drop at

least a single variable. Dropping the variable with the most observations means

that its coefficient will be included in the error term. Since this variable has more

observations, its variability will be lower, allowing for a better prediction of its

coefficient. Of course, there are also extraneous parts in the error term, which can

be viewed as the genuine error. We will not be able to distinguish the genuine error

from the coefficient on sixth grade, but this does not mean anything more than

placing another variable with the error term, since the error term gives a sense for

how far off the coefficients from the regression shall be. Thus, this method has

completely the same effects as a normal multivariate OLS regression, but with the

sixth grade graduation year coefficient in a different position.

After the averages for all races were run using the graduation year binomial

variables, both with and without controls, we created new binomial variables that

accounted for race. We simply coded the binomial race indicator variable with the

graduation year variable. This new variable we term as the schk(n)black variable,

where (n) denotes the graduation year of an individual. The term equals one if

the student graduates in year (n) and is also black. Otherwise the variable is equal

to 0. For example, the schk4black variable will equal 1 if the given observation is

both black and graduates from a school with a grade range spanning kindergarten

to fourth grade. If only one of these conditions are met, or none of them, then the

variable is coded 0.

These new binomial variables will now allow us to determine the differential im-

pact of graduation year on black-white achievement. A multivariate OLS regression

will be run to estimate the impact of graduation year on a given achievement mea-

sure. These achievement measures will be varied and include standardized tests and

GPA. They span a number of years after graduation from the student’s principal

study school. This allows the full effects of graduation from a certain year to be

observed, since it usually takes time for these effects to be revealed, especially in

schools that may focus more on teaching to the test and less on a student’s actual

pursuit knowledge. However, waiting longer to test leaves room for other factors,

including new teachers, different schools, varying social atmospheres, and changes in

study habits. Thus, striking a balance in the length of time after graduation to test

students is critical in reducing variation. We choose tests conducted in the eighth

grade and the first three years of high school. Each test and achievement measure
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will be regressed from the same year, allowing for a solid baseline for that year.

The baseline regression will be of the form Y = β1Schk(n) + β2Schk(n)black +

β3X+ε0, where Schk(n) is a vector of all graduation year binomial variables exclud-

ing sixth grade, Schk(n)black is a vector of all multiplicative graduation year and

race binomial variables, and where X represents a vector of all control covariates.

The control covariates change across regressions. These include number of years in

classes with low student-teacher ratios, gender, number of class aides, free lunch eligi-

bility, school urbanity, teacher’s highest degree attained, the teacher’s number years

of experience, days a student was present at school, and test measures that evaluate

a student’s study skills and non-participation scale. These last two measures come

from the CTBS, where the study skills test measures “the ability to carry out in-

dependent study using information-processing skills that [students] can apply across

subject areas” and the non-participation scale measures a student’s engagement in

extracurricular and co-curricular activities. The covariates for these regressions were

chosen to provide a parsimonious set of regressors that would vary with each achieve-

ment measure. The changes in regressors allows for a better understanding of how

each variable interacts with the other, and allows us to spot potential biases in the

data more easily.

3 Results

3.1 Model Results

This model is an extension of Derek Neal’s (2005) intergenerational model of the

black-white achievement gap. Neal begins by creating a utility function based on a

number of assumptions. First, Neal creates a world in which a family consists of a

single parent and a single child. During each period, every mother will have a child

and families are restricted to having two members. Neal distinguishes between par-

ents and children by placing them in groups. During each time period, children and

parents change groups, where children turn into parents, having their own children,

and parents die off to form a third nonexistent group.

In Neal (2005), parents have complete control in decisions about their child’s

investment in human capital. The parent can either decide to invest in a child’s

education or spend money on current consumption. The parent, moreover, receives

utility from improving a child’s human capital, although only in the future. We

denote c as current household consumption, h as a parent’s human capital, and h′

as a child’s human capital. Thus, we can derive a utility function for the parent
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of the form U(c, h′), where the parent gains utility from both current household

consumption and future improvement’s in a child’s human capital. Neal believes that

the assumption that parents gain utility from their children doing well is justified,

since most parents are happier when their children succeed in school and life.

Next, Neal develops the constraints on each child for developing human capital.

He posits that human capital is determined by innate ability, θ, the effective amount

of time that a parent spends with the child, sh, and the purchased inputs that a

parent spends on a child, d. Thus, Neal develops the following function for a child’s

human capital: h′ = g(θ, sh, d). Parents will spend time either with their child, s, or

working to obtain money for household consumption (1−s). Thus, sh represents how

effectively a parent spends time with her child, depending on the parent’s own human

capital and the time spent. Given a rate of 1 unit of income per unit time, (1 − s)

represents the amount of income a parent obtains for either household expenses or

inputs for their child. Using these expressions, we can formulate an equation for

income: (1 − s)h = pc + td, where p is the price of a consumption good and t is

the price of investment in a child. Recall that d is the amount of purchased inputs

for a child. Thus, a parent spends income with either household consumption or

purchasing educational inputs for their child (which would represent, for example,

schooling and tutoring). In addition, the parent partitions her time between work

and her child.

Neal then considers a specific utility function that incorporates diminishing marginal

returns. Neal argues that a parent’s utility function will be concave down. This

means that with increasing consumption and human capital in one’s child, a par-

ent will gain less and less utility. Diminishing marginal returns, moreover, can be

justified by empirical data. Countries with extremely high GDP per capita are no

happier than countries with high GDP per capita, but much happier than countries

with low GDP per capita (see Easterlin 1974). Thus, Neal formulates the following

constraints on the utility function:

U(c, h′) = ln(c) + α ln(h′)

h′ = θ(sh)γ(d)σ

γ > 0, σ > 0, (γ + σ) < 1

Thus, Neal includes an augmented version of the Cobb-Douglas production func-

tion in his formulation of a child’s human capital. Neal also adds α to adjust for the

relative difference in magnitudes between consumption and child’s human capital.
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With the constraints given, Neal then derived a equation for a child’s human capital

throughout generations.

ln(h′) = ln(θ) + (γ + σ) ln(h) + k(α, γ, σ) − ∆ ln(t),

where k is a function determined by its function parameters. Next Neal develops

a static state variation of human capital, regardless of the time period. This inter-

generational model, however, assumes that k(α, γ, σ) is the same for both blacks and

whites. Neal also assumes that there is no difference in innate ability between the

two races. Thus, Neal creates an equation that gives the difference in human capital

between blacks and whites with the following: ∆ ln(h) = −(σ)/(1− γ − σ) ∗∆ ln(t),

where ∆ denotes the difference between blacks and whites. However, Neal’s model

does not account for differences in preferences and cost functions between blacks and

whites. Abstractly, Neal assumes that blacks and whites will invest in education in

the same manner. We believe this assumption to be unrealistic, and thus augment

the model to include these assumptions. Thus, the term k(α, γ, σ) does not go to

zero when we measure the difference between blacks and whites. Thus, the new

version of the Neal model becomes

∆ ln(h) = ∆kj(α, γ, σ) − ∆ ln(t)

, where kj is function of preferences distinct from k. Here, kj includes the differential

biases in investment and consumption that occur between blacks and whites. Also,

∆ ln(t) represents the difference in cost between blacks and whites for investing

in their children. This model thus allows one to see that test score differences arise

through various mechanisms, which will be discussed in the conclusion and discussion

sections.

3.2 Empirical Results

Results for an estimation of the black white achievement gap in the STAR dataset

are displayed in table (2). The regression includes the binomial race variable and a

measure of academic achievement, measured in standard deviations from the mean

for each observation. The average raw difference between blacks and whites for all

achievement measures used in table (2) is -0.518 standard deviations. The average

controlled difference is -0.428 standard deviations. Thus, although the parsimonious

set of controls explained part of the gap, the large majority of the achievement gap

is still left unaccounted for. Also, there are interesting results among the different
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tests of achievement. Black students perform in a consistent fashion on most of the

CTBS scales, such as math, reading, science, and vocabulary. However, blacks do

much better relative to whites in spelling and eighth grade GPA, with only a -0.178

and -0.268 standard deviation raw gap respectively. However, black tend to do much

worse on the ACT, with a standard deviation of -0.761 for the raw estimation. This

performance, moreover, is even worse than the CTBS total battery results, which

come from another standardized test.

The results of the multivariate regression with graduation year binomial covariates

are displayed in table (3). On the odd numbered columns, a regression with only

the graduation year variables is displayed, and the even numbered columns display

a regression with other control variables. Each pairing of two columns has different

achievement measures as the independent variable, but the same covariates for the

dependent variables. Since the schk(n) variables are coded as binomial variables,

with either 1 or 0, the coefficient can be interpreted as the difference from the

mean test score in terms of standard deviations. Across all achievement tests, both

with and without controls, we find that graduating from sixth grade has a negative

coefficient. The schk6 variable is statistically significant at the 0.001 level for all

the regressions except the one with controls using GPA as the achievement measure.

Other variables have statistical significance on certain regressions. None of these

variables, however, has the consistency or pervasiveness of the negative value for

the schk6 variable. The only other obvious trend is the negative coefficients on the

fourth grade graduation variable. Although not all the coefficients are statistically

significant, the large majority of them are negative.

Table (4) presents results for regressions that include the multiplicative gradu-

ation year and race binomial variable. These regressions include both schk(n) and

schk(n)black to allow for examination of the interaction between race and gradua-

tion year. Table (4) uses the CTBS Total Battery Scale Score as the achievement

measure, which is a weighted average for all examinations from the CTBS exam for

eighth graders. The most notable trend is that, with added regressors, schk5black is

always negative and statistically significant at the 0.001 level. Also interesting is how

the schk4 variable is always negative and statistically significant to at least the 0.01

level. Like in table (2), we are not able to eliminate the achievement gap completely,

though we are able to significantly decrease its magnitude by adding controls.

Examining tables (5) and (6) give similar results to those in (4). In particular,

for eighth grade math and reading test scores, we find that schk5black has much

the same effects as it did for the total battery score. In each regression, for both

math and reading, the schk5black coefficient is negative and statistically significant
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to at least the 0.01 level. Table (7) displays the baseline regression used in tables

(4), (5), and (6) on a different achievement measure, the CTBS Science scaled score.

Using science as the achievement measure changes the outcome of the regression,

as the schk5 variable is no longer statistically significant. However, the schk5black

term is negative and statistically significant for four out of the six specifications.

The gap remains both economically and statistically significant, hovering at about

-0.4 standard deviations across differently specified regressions. The coefficients on

the regressions in table (7) with controls are relatively larger than the corresponding

coefficients for those using math or reading as the achievement measure. The raw

gaps between these, however, are not significantly different.

The same baseline specification is again run using the CTBS Social Studies scaled

score as the achievement measure in table (8). Here, like with the other measures,

the achievement gap is still large and statistically significant. However, schk3 has

positive and statistically significant coefficients across most of the specifications.

Also, schk8black is positive and statistically significant at the 0.001 level for all the

specifications. However, the schk5black variable is only significant in some cases, and

even in those cases, statistical significance reaches only the 0.01 level. However, the

variable is significant to at least the 0.05 level for four out of the six specifications.

Table (9) uses the same baseline specifications, but with the CTBS Spelling scaled

score as the dependent variable. Here, the achievement gap is completely accounted

for by the control variables. In columns 5 and 6, moreover, the coefficient on black

turns statistically significant and positive. This coefficient, however, also includes the

sixth grade group excluded in the specification, which means one cannot interpret

the result as closing the achievement gap. This effect will be discussed in more

detail in the conclusion section. The other variables show similar trends to previous

regression results. The schk5 variable is statistically significant to the 0.001 level

and positive for all specifications, while the schk5black variable is negative and

statistically significant to the 0.001 level.

Table (10) again uses the same baseline specifications, but the CTBS Vocabulary

scaled score is used as the achievement measure. The results are similar to table

(9), with most of the same trends recurring. The corresponding coefficients are

also of similar magnitudes. The coefficient on black, however, is still negative and

statistically significant, like all the achievement measures other than spelling.

Table (11) uses a completely different measure of achievement, namely the ACT

test. This measure examines performance well after graduation from the initial

middle school, as it was administered in the last two years of high school for the

majority of the sample. The baseline specification shows that the raw ACT gap is
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larger than any previous achievement measure. The coefficient on black in the first

specification in column 1 without any controls is -0.716, while the coefficient on the

CTBS Total Battery examination scaled score was -0.601. The schk5 variable is

again positive and statistically significant across all specifications to the 0.001 level.

The schk5black variable is more ambiguous than previous achievement measures,

but still is negative and statistically significant, at least to the 0.05 level, for all

specifications. Also, the schk8 variable is positive and statistically significant to the

0.05 level for all specifications-a trend that appeared for spelling as well.

Table (12) uses high school GPA as the dependent variable. With a number of

specifications using this measure of achievement, the black coefficient is statistically

indistinguishable from zero. This achievement measure has the common trend of

a positive and statistically significant coefficient on schk5 for all specifications, but

is ambiguous for the coefficient on schk5black. All coefficients on schk5black are

negative, but two out of the six specifications are not statistically significant from

zero. The schk8 coefficient is positive and significant for all specifications, while

schk4 is negative and strongly statistically significant for most specifications.

4 Conclusions

4.1 Model Conclusions

From the augmented Neal (2005) intergenerational model, we are able to derive a

number of observations. The final form of the model tells us about the intergen-

erational gap in human capital. In other words, this equation gives us the factors

that make up the black-white achievement gap in a steady state. The variables

are related with natural logarithms, which simply incorporates diminishing marginal

returns. Remember that the formulation of the model used diminishing marginal re-

turns as an assumption in the utility function, which leads directly to the appearance

of natural logarithms in the final equation.

The augmented Neal equation includes two terms. Since we did not assume blacks

had the preferences as whites, the preference function ∆kj(α, γ, σ) measures the

difference in preferences and costs between blacks and whites for purchased inputs,

parental time, and child investment. The other term ∆ ln(t) explicitly measures the

difference in the cost of investment between blacks and whites. In other words, this

term measures how much more expensive investment in human capital is for blacks

(or cheaper as the case may be).

As a thought experiment, it is possible to incorporate the same assumptions
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of Neal (2005). This can be done by setting ∆kj(α, γ, σ) to zero. Thus, we see

that, much like Neal’s (2005) model, the differential cost of investment becomes the

main determinant of the achievement gap. The difference in our models, namely

the terms corresponding to the proportion of effective parental time and purchased

inputs for the child, arises primarily because of our use of a different preference

function. Our preference function kj already incorporates the σ and γ that Neal

leaves in his final solution. Even so, the main conclusions are the same. If we assume

∆kj(α, γ, σ) = 0, like Neal (2005) does, then higher investment costs for blacks vis--

vis whites enlarge the achievement gap. Lower investment costs, moreover, decrease

the achievement gap, ceteris paribus. The preference function, kj, also shows that

the willingness of blacks to invest in education, whether due to inherent cultural

biases or a preference for greater leisure time and earlier work force entrance, has

an effect upon the achievement gap. For instance, if blacks prefer earlier workforce

entrance because of some bias, the educational achievement gap should increase. This

situation is plausible for instance if cultural pressures or employer discrimination

hinders blacks from staying in school.

Moreover, this model explains the other side of the coin-the cost of education. If

it is relatively harder and more expensive in terms of opportunity cost for a black

to attain an education, the achievement gap will also enlarge. Notice that the two

effects of preferences and costs are inherently based in two different categories. It may

be the case that because most blacks come from lower socioeconomic backgrounds

or more difficult financial circumstances that it is harder for blacks to attain an

education because of lower income-this case pertains to the higher cost of education

term. It may also occur, however, that because of some cultural phenomenon, blacks

prefer not to pursue education in fear of becoming a social pariah. The augmented

Neal model incorporates a two terms for each of these two cases and clearly separates

between the two cases.

The model also offers insight into the primary investigation of this paper-school

structure and elementary school graduation year. Differences in the achievement gap

due to changes in school structure can be categorized into both the preference and

cost terms. In the case for preferences, blacks graduating from elementary school at

an early age may be exposed to older children. If a middle school serves grades 6

through 8, then younger students may feel pressure from older children to disregard

their studies and spend time in other activities. The presence of both younger and

older populations may change the younger population’s preferences for education.

Moreover, there may a difference in the amount of change that occurs between blacks

and whites. For instance, black students may feel more pressure from their peers to
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follow to the norm than their white counterparts. This would explain why graduating

from elementary school earlier could have adverse effects upon the achievement gap.

Another explanation is the possibility that earlier graduation from elementary

school, such as graduation in the fourth or fifth grades, may make it relatively more

expensive for blacks to pursue their education. For example, districts switching from

elementary to middle schools may have lower quality education in middle school

because of the lack of resources or the influx of students that increases the student-

teacher ratio. A middle school may find funding more difficult to come across,

resulting in lower quality education at the middle school level because of a larger

student population and less personal teacher attention than in elementary school.

This would increase the relative opportunity cost of education, making it more ex-

pensive in terms of a student’s time to pursue academic achievement. Thus, the

achievement gap could be enlarged through two mechanism-preferences and costs-

because of elementary school graduation year.

4.2 Empirical Conclusions

Results from table (2) display the achievement gap in both its raw form and with

controls. Although the gap is on average large and negative, there is considerable

variation across different achievement measures. The average raw difference of -0.518

standard deviations comes close to the gap as estimated by most of the CTBS Battery

tests. The total battery test, administered in 8th grade, has a raw achievement gap

of -0.577 and a controlled gap of -0.473. Thus, the controls, which include a student’s

free lunch eligibility, classroom type, teacher credentials, and other measures, only

account for a small part of the variation in the achievement gap. The majority of

the gap, about 82%, is left unexplained by the controls, at least for the total battery

score on the CTBS. None of regressions found the gap statistically insignificant, even

with controls. Thus, the closing of the achievement gap remains illusory, even for

the large set of covariates used in each one of the regressions.

We can, however, analyze the differences among achievement tests, even if they

are not completely controlled for by the independent variables. Most of the CTBS

test scores, such as the total battery, math, reading, science, social studies, vocabu-

lary, are on a similar order of magnitude in terms of the raw black-white achievement

gap. The CTBS Science scaled score seems to yield a somewhat larger gap than its

other CTBS counterparts, but in fact is only 16% higher than the CTBS total battery

derived gap.

The use of the CTBS Spelling scaled score as the measure of achievement changes
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results dramatically. In fact, the raw gap falls to -0.178 standard deviations-significantly

smaller in magnitude than the gap estimated by the CTBS total battery score. Us-

ing high score GPA also decreases the magnitude of the achievement gap, but by a

smaller amount. The opposite occurs when using the high school ACT as the achieve-

ment measure. Blacks tend to score 0.761 standard deviations lower on average than

white students, without controls. The large gap using the ACT is supported by the

literature, as blacks seem to score worse on such standardized tests. The average

achievement gap for the CTBS scales of 0.519 standard deviations is also significantly

higher than the gap estimated using the GPA achievement measures. Other studies,

specifically Grodsky, Warren, and Felts (2008), have shown that the standardized

test itself may in fact hinder black performance.

This may be due to differences in how blacks respond to testing environments, or

the ability of blacks to purchase preparatory materials for study. This theory lends

itself well to our results. For instance, the achievement gap estimated by the ACT

is larger than that estimated using the CTBS Total Battery scale score. Students,

moreover, have more incentive to study for the ACT in advance because it is used in

the college application process, whereas the CTBS is not. This incentive may give an

advantage to those who are able to purchase study materials and tutors. Studying in

advance for a test is costly, both in terms of the study materials themselves and, more

importantly, in terms of time. The time used studying represents an opportunity

cost in the form of forgone wages or leisure time. Thus, studying for the ACT may

be economically costly, especially for a student in an economically disadvantaged

family. This effect means that the achievement gap should theoretically be larger for

the ACT than the CTBS, because students have an incentive to study for the test

and because whites are usually in a better economic position than blacks to incur the

losses associated with studying. In fact, this theory holds up well for the empirical

evidence, showing that part of the achievement gap may be explained by the cost of

studying for a test, which could be a higher proportion of income for blacks than for

whites.

The evidence that the achievement test itself is biased so that whites will do

better than blacks, however, can only explain part of the achievement gap. Even

when using GPA, the measure that should be least affected by this standardized test

bias, the achievement gap is still statistically significant. In fact, Levitt and Fryer

(2004) show that the standardized testing bias may in fact not exist. They showed

that using teacher assessments instead of standardized tests gave achievement gaps

of similar magnitudes. In fact, the standardized test bias may not be limited to

solely standardized tests, if it exists at all. It may actually be an artifact of higher
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costs of education for blacks vis-a-vis whites. Thus, the bias may be simply one case

of the difference in costs, or the ∆ ln(t) term in the augmented Neal model. Applied

more broadly, blacks may face higher opportunity costs in a number of areas, not

just studying. For instance, the higher opportunity costs of education for blacks

may induce a lack of investment in human capital in general, not just in studying

for standardized tests.

To better understand other forces that work to create an achievement gap, we turn

to graduation year as a measure of school structure. Table (3) shows a multivariate

regression on a number of achievement measures using school graduation binomial

covariates. The odd columns display raw estimations while the even columns in-

clude controls. The schk(n) covariates denote whether a student graduated from

elementary school in year n. First, the striking trend across the estimations is the

statistical significance of schk6, or in other words, the strongly negative effects on

achievement of going to a kindergarten through 6th grade school. Kindergarten

through 5th grade schools have much more ambiguous results, with ACT scores

showing a positive and statistically significant coefficient and GPA showing a neg-

ative and statistically significant coefficient. It is difficult to interpret a clear trend

for fifth grade since different achievement measures yield different results. However,

it seems that elementary school graduation in fourth grade has a negative correla-

tion on average, with seven out of eight coefficients negative. Although only 50%

of the coefficients are statistically significant at least to the 0.05 level, there is some

weak evidence to show that fourth grade graduation may hinder academic perfor-

mance on the average. Finally, third grade graduation is also ambiguous, since it

has statistical significance for positive and negative coefficients, depending upon the

achievement measure used. Thus, the only strong trend is the negative performance

of students who graduate from kindergarten to 6th grade schools. It also seems that

students graduating from kindergarten to 4th grade schools also perform worse than

the average student in the sample.

A number of explanations can account for the poor performance from those grad-

uating in sixth grade from elementary school. Students in K-6 elementary schools

usually go on to complete middle school (7th and 8th grades) then high school (9th

to 12th grades). This particular progression of school transitions seems to be par-

ticularly harmful to academic performance, as documented by a number of studies.

Simmons and Blythe (1987) argue that the transition to middle school is accompa-

nied by a decline in motivation and self-esteem.

This theory could account for the poor performance by those who graduate in

6th grade because of peer pressure, especially from older children. The theory that
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young students are exposed to older and possibly more rebellious children in middle

school, however, does not hold up well under scrutiny of our data. The problem is

that achievement is ambiguously affected by 5th grade graduation. Thus, if it were

true that younger students were exposed to older, more disobedient, and belligerent

students, we should see stronger negative performance in 5th grade. There seems to

be little evidence that the interaction with older students produces lower academic

achievement in younger students. Moreover, there should be even stronger negative

interactions for 4th grade graduation, but the magnitude of the coefficients on schk4

is smaller both in terms of statistical significance and in terms of absolute value.

Thus, another explanation of lower performance due to the transition to middle

school is needed.

Bedard and Do (2005) emphasize that middle schools are larger, and consequently,

less personal in terms of teacher-student interactions. Middle schools also tend to

have more competitive environments than elementary schools. This, in turn, could

link back to the size of the middle school. With more students, it is more difficult

to be one of the best, and smart students must work harder in order to sustain

the relative performance differential they enjoyed in elementary school. Moreover,

the difficulty of excelling can discourage those who never were at the front end of

the achievement spectrum in the first place, making education seem like a fruitless

endeavor. Although the STAR project does not provide data on school size, it does

provide extensive measurements of class size. The differences between K-6 and K-

5 schools in class size are not statistically significant, with a p-value of 0.09 for a

two sample t-test. However, class size is not the best indicator of school size. The

assumption that larger schools have larger classes is not well founded in theory,

as larger schools may have more resources than smaller schools or vice versa. The

dataset does not allow us to distinguish the two hypotheses from reality. Neither does

it let us examine the size theory-that middle schools hinder academic performance

because of the number of students in the school.

Looking at more closely at the differential achievement between blacks and whites

due to differences in graduation years may shed some light upon this theory. Table

(4) displays binomial variables that include graduation year multiplied by race, allow-

ing us to examine the difference between blacks and whites for each graduation year.

As noted in the results section, two major trends seem apparent. The schk5black

and schk4 variables are always negative and statistically significant across all spec-

ifications. Also, the black coefficient is always negative and statistically significant.

Recall that we dropped the 6th grade graduation year groups in these regressions,

meaning that the coefficient on black actually gives an estimate of schk6black. Thus,
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at least from using the CTBS Total Battery scaled score measure, we can see that

black students do much worse relative to whites when graduating from elementary

school in 5th and 6th grades. The multiplicative term schk5black allow us to iso-

late interaction effects that occur because of two variables occurring simultaneously.

Thus, it seems that the argument that middle school hinders performance holds up,

at least for the CTBS Total Battery achievement measure.

If we examine other achievement measures, such as CTBS standardized test mea-

sures of math and reading schools in tables (5) and (6) respectively, the middle

school penalty resurfaces. Results for both the CTBS math and reading show that

schk5black and black are negative and statistically significant for all specifications.

In fact, looking at tables (7) through (12), the trend is stark and unambiguously

clear - schk5black and black have negative and usually statistically significant co-

efficients. Undoubtedly, the robustness of this trend across 9 different achievement

measures and 54 different specifications gives some weight to its authenticity.

It is true that there could be bias across the entire dataset. If more black children

attended school systems that included middle school, the entire estimation may be

thrown off and the trend in the interaction terms could simply be due to larger black

populations in those schools. This possibility of bias is indeed worrisome, since

project STAR did not account for population demographics in its randomization

study. The STAR coordinators only randomized students within each school by

class size. Thus, the conclusions that follow are tentative and cannot be interpreted

as having definite causal links. It is quite possible that more blacks attend K-6 or

K-5 elementary schools, which could bias our results significantly.

However, with such precautions, we can come to some conclusions about middle

school and its effect upon the black-white achievement gap. The robustness of the

negativity of the interaction terms for K-5 and K-6 elementary schools show that

blacks who go on to middle school (classified here as school serving either 6th to 8th

grade or 7th to 8th grade) are hurt significantly more than their white counterparts.

These results, and the fact that the 4th grade graduation year interaction terms are

either more ambiguous or statistically insignificant across the achievement measures,

support the hypothesis that middle schools are detrimental for learning, especially

for black students vis-a-vis white students.

Unfortunately, the estimation results do not allow us to distinguish between the

different theories of why middle schools are disadvantageous. The results do tell

us, however, that not only are middle schools detrimental on average, but they

are more detrimental for black students than for whites. Thus, graduating from

an elementary school and then transitioning to a middle school affects blacks more
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than whites. Theoretically, it is possible that students move into an environment

with older children again, and that this older environment affects blacks more than

whites. However, we have shown that this hypothesis has little support for the

average student, making it probable that it also has little support for explaining

the differential achievement between blacks and whites. The same argument can

be applied as before. Most of the achievement measures show that schk4black is

insignificant. For those coefficients that are significant, it is difficult to make robust

conclusions as some achievement measures have conflicting signs (for instance CTBS

Vocabulary and CTBS Math). Thus, if interactions with older students affected

the achievement gap more for blacks than for whites, then the schk4black variables

should be even more statistically significant and negative than the variables for

schk5black or schk6black. Moreover, the coefficients on schk5black should be more

statistically significant and negative than those on schk6black. Neither of these are

true, and so our results provide little evidence for this theory.

Although we cannot provide evidence confirming or contradicting the middle

school size theory, we can provide tentative evidence that class size may have a

potential effect on the gap. Across all achievement measures, the 2nd grade class

size turned out to be statistically significant in 72% of the specifications. Most of the

coefficients that were statistically significant to the 0.05 level were positive, although

3 were negative. The coefficients, however, tell us much less about how class size

affects the achievement gap, because of its lack of an interaction term. Thus, we are

only sure that class size has an effect upon the gap, and cannot point to the direction

in which correlation runs. This is because the dependent variable is the achievement

measure, not the achievement gap itself. Thus, we cannot identify whether class size

increases or decreases the size of the achievement gap, only whether it increases or

decreases test scores for the average student in the sample.

Other important and statistically significant covariates were gender, school ur-

banity, and free lunch eligibility status. Free lunch eligibility had particularly strong

effects, where moving out of free lunch eligibility improved test scores by more than

any other covariate. The next strongest covariate was school urbanity, which also

had a large magnitude relative to the other covariates. The magnitude of the effects

of these two controls is not surprising, as they are both proxies for socio-economic

status. The school urbanity variable was coded to include rural, suburban, urban,

and inner-city (which was defined as more than half of the school being eligible

for free lunch). The overlap between the free lunch and school urbanity variables

predicates that the two variables should be of similar magnitudes. The variables,

moreover, identify how well off a student is, and whether he goes to a school with
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a large amount of poverty. Thus, like Levitt and Fryer (2004), a large part of the

achievement gap can be explained by socio-economic status, or at least proxies for

socio-economic status.

The 3rd and 8th grade multiplicative interaction terms seem to remain statisti-

cally insignificant throughout various specifications and achievement measures. The

general trend is for both the schk3black and schk8black terms to have either no sta-

tistical significance or statistical significance to the 0.05 level with relatively small

magnitudes. Thus, it seems that graduation from elementary school in 3rd or 8th

grade does not produce an achievement bias between races. This result shows that

middle school tends to exacerbate the black-white achievement gap. Although we

are not able to measure explicitly what school students transition into after elemen-

tary school graduation, we can be relatively confident that K-8 graduates go on to

high school. However, K-3 graduates are more difficult to classify, because it is pos-

sible that they attend 4th through 8th grade schools or go on to an intermediate

school and then a middle school consisting of either 6th through 8th or 7th through

8th grades. Both structures, however, are noticeably different than the traditional

middle school transition.

These conclusions lend themselves to an immediate policy recommendation, that

is, the elimination of middle schools altogether. However, this policy recommen-

dation should only be considered if middle school graduation is actually the causal

factor in producing an enlarged gap for those graduating in 5th and 6th grades. If

the real reason why middle schools enlarged the black-white achievement gap was

inherently because of size, an elimination of middle schools would do nothing to

improve the gap. If middle schools confer resources differently, or more plausibly,

if blacks attend middle schools that on average are larger and have less resources,

eliminating middle schools would only shift the educational burden to either elemen-

tary or high schools. However, if middle schools enlarge the black-white achievement

gap because of some interaction between students in the upper and lower grades of

the school, or because adolescence development interacts in some way with the mid-

dle school environment, it may be advantageous to eliminate middle schools. The

difficulty of identifying causality in our observational study hinders our ability to

provide an adequate policy recommendation. However, we can conclude, with some

reservation due to the possibility of self-selection bias, that graduating from 5th and

6th grades tends to hurt black academic achievement relatively more than white aca-

demic achievement. Whether this is due to the size of middle schools or the social

interactions within them is open for debate.
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5 Discussion

Many studies have suggested that the middle-school model currently in place in most

schools is actually detrimental to discipline, GPA, and on time graduation rates. Our

work similarly found that placing 6th grade into middle school academically hurt

students, especially black students. Also notable is the prominent role that school

effort and study skills play in black achievement. We will now examine our findings in

context of successful school models and recommend a theoretically successful school

model.

Knowledge is Power Program (KIPP) schools have gained prominence for their

success in raising black students’ test scores to levels higher than national standards.

KIPP schools are commonly located in urban areas and specifically target lower in-

come students: the average racial composition of KIPP schools is 62.5% black, in

comparison to the national 16.9% (Educational Policy Institute 2005). Neverthe-

less, 5th grade cohorts gained between 9 to 17 points for all the various tests of the

Stanford Achievement Test, a standardized achievement test for grades from kinder-

garten to high school (Educational Policy Institute 2005). Some KIPP schools have

increased scores by half to one full standard deviation (Educational Policy Institute

2005). KIPP schools follow a rigorous curriculum stemming from a philosophy based

on the five pillars of high expectations, choice and commitment, more time, power to

lead, and focus on results (Educational Policy Institute 2005). Attending students

are in class for 60% more time than students in other public schools (Educational

Policy Institute 2005).

KIPP schools primarily focus on creating work ethic. Within our research, the

variable school effort encompasses survey questions such as how much time a student

spends working on homework or studying for a test - quite simply, it is the amount of

effort, based on time, that a student puts into school. Our findings show that GPA is

significantly associated with school effort, and, especially importantly, blacks report

lower school effort. KIPP schools ensure that students are unable to not work. In

this regard, work ethic, and school effort, can be created through significant time

commitment and work.

Another successful case is Alexander Graham Bell School, which has had the

greatest gain in achievement in any middle school in its district, despite having 99%

of its students in its free lunch program. It strives to maintain an elementary school

learning atmosphere in middle school. For example, students stay within same small

building for the entire day. While students do not stay within a single classroom with

the same teacher, their teachers have been with them since they started elementary
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school -teachers continue to teach the same class as they progress through the grades

(Fisher and Frey 2007). Similarly, they stay with the same group of students within

each class. Classes are based around reciprocal teaching, in which students discuss

their thoughts and teach what they learned to other students (Fisher and Frey 2007).

Furthermore, every class employs similar content literacy strategies (Fisher and Frey

2007). The procedures, formats, and strategies are the same across classes, from

math to English.

Unlike KIPP schools, which specifically target school effort, Alexander Graham

Bell School is unique in its approach to study skills. Within our research, study

skills are defined as the ability to carry out independent study using information-

processing skills that are applied across subject areas. Bell School eliminates the

necessity for developing different study skills. There is a universal study skill set

that is applied across subjects. This allows the focus of the education to be on the

content, rather than the structure. Furthermore, Bell School preserves the intimacy

of elementary school. The small class and building size eliminate the anonymity of

middle schools and largely eliminate interaction between classes. The same teachers,

along with minimizing transition problems, create an atmosphere of familiarity. The

reciprocal learning style encourages collaboration.

Shelby Steele, a prominent African-American professor, believes that there must

be a fundamental shift in our approach to the black white achievement gap. He

states that when currently addressing the gap, “excellence is relative” is across races

(2000). If black students struggle in the school system while other students excel,

then expectations for blacks will be lowered (2000). Black students are not held to

the same standards as other students and are given boosts when comparing them.

Steele offers what he calls the Moral-Power Model, in which blacks derive benefits

from their victimization, to explain why the government and educational system

allow black students to fall behind (2000).

Thus, we propose to combine all of the successful aspects elucidated above into

a personal, isolated middle school environment defined by hard work, high expecta-

tions, and similar class structures.
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6 Tables and Figures

Figure 1: Descriptive Statistics of Achievement Measures and Significant Variables
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Figure 2: Estimation of the Black White Achievement Gap
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Figure 3: Estimation of the Achievement Gap with Binomial Graduation Year Covariates
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Figure 4: Estimation of the Effect of Elementary School Graduation on the CTBS Total Battery
Score
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Figure 5: Estimation of the Effect of Elementary School Graduation on the CTBS Math Score
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Figure 6: Estimation of the Effect of Elementary School Graduation on the CTBS Reading
Score
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Figure 7: Estimation of the Effect of Elementary School Graduation on the CTBS Science Score
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Figure 8: Estimation of the Effect of Elementary School Graduation on the CTBS Social Science
Score
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Figure 9: Estimation of the Effect of Elementary School Graduation on the CTBS Spelling Score
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Figure 10: Estimation of the Effect of Elementary School Graduation on the CTBS Vocabulary
Score
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Figure 11: Estimation of the Effect of Elementary School Graduation on the Composite ACT
Score
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Figure 12: Estimation of the Effect of Elementary School Graduation on High School GPA
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7 Appendix

The following table gives a complete set of the covariates used for each regression.

At the bottom of tables 4 through 12, a control set number was used. The tables

below correspond to each control set.

Figure 13: Control Set Variables Used for Baseline Regressions
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