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Advanced math coursework can affect college and labor market outcomes, yet discretionary placement 

policies can lead to differential access at key points in the college preparatory pipeline. We examine a 

targeted approach to course assignment that uses prior test scores to identify middle school students 

deemed qualified for a college preparatory math sequence. Accelerated math placement of relatively low- 

skilled middle schoolers increases the fraction later enrolling in Precalculus by one-seventh, and by over 

one-third for female and non-low income students. Acceleration increases college readiness and inten- 

tions to pursue a bachelor’s degree. Course placement rules based on objective measures can identify 

students capable of completing rigorous coursework but whom discretionary systems might overlook. 
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. Introduction 

Mathematics has long been regarded as essential for both in-

ividual and national economic success. Numerous microeconomic

tudies have shown that mathematical skills, high school course-

ork and college majors predict individuals’ labor market earn-

ngs ( Altonji, 1995; Altonji, Blom, & Meghir, 2012; Brown & Cor-

oran, 1997; Grogger & Eide, 1995; Levine & Zimmerman, 1995;

ose, 2004; Weinberger, 1999 ). Standardized measures of nations’

ath skills also strongly predict macroeconomic growth ( Hanushek

 Woessmann, 2015 ). Concerns triggered by the launch of Sputnik

n 1957 and by the publication of “A Nation at Risk” in 1983 show

hat policymakers have for decades been calling for increased pro-
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ciency in math among American students as a national imperative

 Gardner, Larsen & Baker, 1983; Tate, 1997 ). 

Schools have, however, struggled to increase the proportion of

tudents, particularly those from disadvantaged backgrounds, who

uccessfully complete a sequence of math courses that prepare

hem for either the workforce or for quantitative training at the

ostsecondary level. Recent efforts to improve access to rigorous

oursework have focused on early exposure to Algebra I, in part

ecause it often precedes a sequence of courses culminating in Cal-

ulus and is thus seen as a gatekeeper course required for college-

reparatory math ( Adelman, 2006 ). 1 Such effort s have been moti-

ated in part by observational research suggesting that early ex-

osure to Algebra I is associated with future academic success

 Gamoran & Hannigan, 20 0 0; Smith, 1996; Stein, Kaufman, Sher-

an, & Hillen, 2011 ) and that completion of the follow-on course-

ork sequence strongly predicts later college success ( Long, Con-

er, & Iatarola, 2012 ). 

Not all students have equal access to Algebra I at earlier grades,

owever, in part because of differences in academic skills and

chool offerings ( Conger, Long, & Iatarola, 2009 ). Even conditional
1 The traditional sequence until recently has been Algebra I, Geometry, Algebra II, 

recalculus and Calculus. The new Common Core standards have begun to change 

he early part of this sequence involved but has not affected the broader debate 

ver whether and how to expose students to more rigorous coursework in early 

rades. 
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4 We believe there are two reasons we do not find the negative achievement ef- 

fects seen in Clotfelter et al. (2015) . First, the WCPSS intervention was targeted, so 

that marginal students were placed largely into classes with at least moderately- 

skilled peers, in contrast to the universal policies studied in that prior work, where 
on such factors, talented but disadvantaged students may be over-

looked by the process through which math courses assignments

are made, as course placement generally involves substantial dis-

cretion by school officials. To address these issues, many school

districts and states have implemented universal algebra policies

that mandate all ninth, or even eighth, graders enroll in Algebra

I ( Silver, 1995 ). Partly as a result of such policies, eighth grade Al-

gebra I enrollment rates have more than doubled in the past two

decades, from 15 percent in 1990 to 34 percent in 2012, with addi-

tional growth in the proportion of eighth graders completing even

higher math courses. 2 Nevertheless, substantial gaps by race and

income remain ( Stein et al., 2011 ). 

The “Algebra-for-All” movement has also generated concerns

that universal access may harm both those students under-

prepared for more rigorous coursework and more highly skilled

students whose curricula are diluted to adapt to the new skill-

level of the average enrollee ( Loveless, 2008; Schneider, 2009 ).

Such universal policies have begun to fall out of favor. For exam-

ple, in 2013, California backed away from a state requirement en-

acted in 2008 that all eighth graders take Algebra I. Instead, some

systems have begun to explore a targeted approach that increases

access to college-preparatory math coursework but only for stu-

dents deemed sufficiently prepared for such rigor. We investigate

one such model of targeted middle school math acceleration im-

plemented in the 2010-11 school year by North Carolina’s Wake

County Public School System (WCPSS). Specifically, we focus on the

impact of the policy on math course enrollment and success for

students at the margin of acceleration. 

WCPSS, concerned about both levels of and inequitable ac-

cess to rigorous math coursework, instituted a targeted enroll-

ment strategy designed to increase advanced math course-taking

for students predicted to succeed in such courses. The district an-

nounced that assignment to an accelerated track leading to Algebra

I in eighth grade would be based on a student’s predicted proba-

bility of success in that subject. Specifically, if a student’s avail-

able prior test scores predicted at least a 70 percent probability

of passing a standardized algebra test, the student would be rec-

ommended for enrollment in that accelerated track. That threshold

corresponded to about the 20th percentile of the district’s skill dis-

tribution, implying that 80 percent of students were eligible for ac-

celeration under the new policy. 3 The remaining 20 percent would

take coursework leading to Algebra I in ninth grade. 

We study the two earliest cohorts affected by the policy, for

whom eligible students were initially accelerated in seventh grade

to Pre-Algebra and whom we can observe through eleventh grade.

A regression discontinuity design comparing those just above and

below the eligibility threshold allows us to document five impor-

tant facts about the relatively low-skilled students at the mar-

gin of acceleration. First, acceleration has no clear short-run im-

pact on test scores. Second, accelerated students generally pass

but rarely excel in their more rigorous courses, largely earning Cs

and Ds. Third, one-seventh of students initially accelerated in sev-

enth grade remain in the accelerated track to take Precalculus by

eleventh grade, suggesting a fairly but not totally leaky pipeline.

Fourth, conditional on initial acceleration, persistence rates in the

pipeline differ greatly by income and gender, with acceleration in-

creasing Precalculus enrollment rates by over 40 percentage points

for non-low income students and over 30 percentage points for

female students, relative to nearly no impact on low income and

male students. Fifth, middle school math acceleration improves
2 See Figure 33 of The National Center for Education Statistics’ 2013 publication 

“The Nation’s Report Card: Trends in Academic Progress 2012”. 
3 Because WCPSS students outperform North Carolina’s students on average, the 

marginal student affected by the policy was in roughly the 35th percentile of the 

statewide distribution. 
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ollege readiness scores and college aspirations, increasing the

raction of students intending to enroll in four-year colleges by

ver 20 percentage points. As we discuss, these impacts on col-

ege readiness may be driven by a combination of exposure to the

dvanced mathematics curriculum as well as exposure to a higher-

erforming peer group, on average. Such changes to course expo-

ure and peer composition are likely a feature of many targeted

cceleration policies that seek to move lower-performing students

nto a more homogeneously high-performing setting. 

These findings make three primary contributions to the litera-

ure. First and most importantly, we show that basing course as-

ignment on objective measures of student skill helps identify stu-

ents whom, conditional on ability, a discretionary system might

verlook but who are capable of persisting in a college preparatory

ath track. Just as disadvantaged students are assigned to lower

uality teachers ( Clotfelter, Ladd, & Vigdor, 20 05; 20 06; Jackson,

009; Kalogrides & Loeb, 2013; Sass, Hannaway, Xu, Figlio, & Feng,

012 ), so too are they assigned to less rigorous coursework, even

ompared to their schoolmates of similar academic skill. We show

n Dougherty, Goodman, Hill, Litke, and Page (2015) that the new

ssignment rule substantially diminished income and race gaps in

ourse assignment, similar to recent work on universal screening

olicies to remedy such gaps in assignment to gifted and talented

lassrooms ( Card & Giuliano, 2015; Grissom & Redding, 2016 ). We

how here that initial acceleration leads to long-run increases in

he fraction of students pursuing college preparatory coursework,

articularly for female and non-low income students. In other set-

ings, switching to decision processes focused on objective qual-

ty measures has improved success rates for otherwise overlooked

ndividuals ( Blank, 1991; Goldin & Rouse, 20 0 0 ). We provide evi-

ence of similar results in an educational setting. 

Second, we provide the first estimated impacts of a clearly

efined, targeted math acceleration policy, complementing prior

tudies of universal or more vaguely defined policies to increase

arly exposure to algebra. In 1997, Chicago eliminated reme-

ial coursework and required that all ninth graders take alge-

ra. This led to a decline in both course grades and test scores

f high-skilled students, perhaps because the reform exposed

uch students to lower-skilled peers and less rigorous curricula

 Allensworth, Nomi, Montgomery, & Lee, 2009; Nomi, 2012 ). Cal-

fornia’s 2008 decision to make algebra the benchmark test for

ighth grade accountability purposes substantially increased eighth

rade algebra enrollment, which in turn led to lower tenth grade

est scores, particularly in larger school districts ( Domina, 2014 ).

ecent attempts by two districts in North Carolina to accelerate

lgebra to eighth grade have resulted in lowered course perfor-

ance, particularly for the lowest-skilled students ( Clotfelter, Ladd,

 Vigdor, 2015 ). The targeted acceleration model studied here did

ot clearly lower test scores among the lowest performing stu-

ents eligible for advancement and thus suggests one potential ad-

antage over universal acceleration policies. 4 That these marginal

tudents struggle to earn high grades in harder courses is a com-

on theme across all such interventions. We nonetheless expect
ow-skilled students may have been placed into classes largely populated by sim- 

larly low-skilled peers. Peer effects, as well as teachersâȯûȯû abilities to tailor 

lasses to a more appropriately skilled set of students, may thus drive some of these 

ifferences. Second, because WCPSS is higher performing than the districts studied 

n that prior work, the marginal student here is closer to the middle of the dis- 

ribution in that work. This may also explain why we do not see negative effects, 

iven that the policy we study excludes from acceleration students with skills so 

ow they are not predicted to succeed in Algebra I. 
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5 For purposes of the policy studied here, success is defined as achieving Level III 

(of four levels) on the Algebra I end-of-course exam. 
argeted approaches to grow in prevalence, making this research

articularly timely. 

Third, the threshold-based assignment rule allows us to doc-

ment precisely how initial acceleration affects the marginal stu-

ent’s progress through the sequence of college preparatory math

oursework that matters for long-run outcomes. We estimate that

ne-third of remaining accelerated students return to the non-

ccelerated track each year, so that the initial impact of acceler-

tion on coursework decays over time. This leaky pipeline is con-

istent with evidence from California’s eighth grade algebra push

 Liang, Heckman, & Abedi, 2012 ) and from other North Carolina

istricts ( Clotfelter et al., 2015 ). We complement prior research fo-

used on test scores and course grades by emphasizing students’

oursework trajectories, given increasing quasi-experimental evi-

ence that improved high school math coursework can have sub-

tantial effects on high school graduation rates, college enrollment

ates and labor market earnings, both for relatively low-skilled stu-

ents ( Cortes, Goodman, & Nomi, 2015; Goodman, 2012 ) and rel-

tively high-skilled ones ( Jackson, 2010; Joensen & Nielsen, 2009;

mith, Hurwitz, & Avery, 2015 ). That this policy increased the share

f students completing college preparatory math near the end of

igh school suggests it has the potential for longer-run impacts.

hat non-low income and female students persist at higher rates

n this pipeline may point to the importance of personal skills or

amily resources in explaining why some students succeed in the

ontext of increased curricular rigor. It also points to the potential

eed for additional supports to encourage greater rates of persis-

ence among students who struggle in that context. 

The remainder of the paper is structured as follows. In

ection 2 , we provide a history and detailed description of the

iddle school math acceleration policy in WCPSS. We then de-

cribe our data and empirical strategy in Section 3 . In Section 4 ,

e present estimates of the impact of acceleration on a variety

f student outcomes, including test scores, subsequent coursework

nd college readiness measures. We conclude in Section 5 with a

iscussion of these results and implications for policy, practice and

uture research. 

. Math acceleration in Wake County 

District leaders in WCPSS initiated the targeted enrollment pol-

cy in response to two concerns. First, as of the 2009-10 school

ear, only 30 percent of WCPSS eighth graders were enrolled in

lgebra I. Second, eighth graders who did enroll in Algebra I

ere not demographically representative of the district. The school

oard, partnering with a task force focused on economically disad-

antaged students, sought a strategy to provide equitable access

o appropriate and rigorous math courses in the middle grades.

n particular, the district hoped to increase the disproportionately

ow rates of enrollment in accelerated math coursework among

tudents who were black, Hispanic or from low-income house-

olds. The district assumed that increasing students’ access to

uch coursework in middle school would increase their likelihood

f completing a rigorous, college-preparatory sequence of high

chool math courses. District leaders were reluctant to implement

 universal policy assigning all eighth graders to Algebra I due

o concerns that not all students had taken appropriate prepara-

ory coursework and concerns that middle schools lacked sufficient

umbers of teachers prepared to teach such classes. 

The district ultimately implemented a targeted enrollment

trategy, starting in the 2010–11 school year, that identified stu-

ents eligible for accelerated math using a prediction model from

he SAS Institute’s Education Value-Added Assessment System

EVAAS). After each academic year, the EVAAS model generates

or each student a predicted probability of success on the North

arolina Algebra I end-of-course exam, based on all of the stu-
ent’s available prior standardized end-of-grade test scores. 5 The

istrict stipulated that students with a 70 percent or higher pre-

icted probability of Algebra I success would be recommended for

lacement into accelerated math courses. Use of the EVAAS pre-

icted probability had two perceived advantages. First, it helped

dentify students who were thought to be well-prepared for such

oursework. Second, because EVAAS is an objective measure, the

istrict believed it could help identify students who might other-

ise be overlooked as a result of variation in course grading prac-

ices and subjective beliefs about which students are capable of

uccess in accelerated math courses. 

Standards for sixth graders’ accelerated math course, called “Ac-

elerated Math”, included all of the sixth grade content for the

on-accelerated course and roughly one half of the content for the

on-accelerated seventh grade course. Similarly, standards for sev-

nth graders’ accelerated course, called “Pre-Algebra”, included the

emaining content for the non-accelerated seventh grade course

nd all content of the non-accelerated eighth grade course. The

ubject matter of the sixth and seventh grade accelerated courses

verlaps substantially with the standards tested on the North Car-

lina End-of-Grade examinations and content review for those

ests is included in each course outline. Eighth graders’ acceler-

ted course, “Algebra I”, covered typical standards from a first high

chool algebra course but, as of 2012-13, became an integrated

ourse beginning the three-year high school sequence suggested by

he Common Core State Standards for Mathematics. Content review

or the eighth grade End-of-Grade math examination is also part of

he course outline. 

Due largely to this new policy, the share of middle school

tudents in accelerated math rose from 40 percent to nearly

0 percent within two years of the policy’s implementation

 Dougherty et al., 2015 ). By 2012–13, nearly all EVAAS-eligible stu-

ents were enrolled in accelerated math, while acceleration rates

emained largely unchanged for students deemed ineligible by the

ew policy. Acceleration rates rose substantially for both low in-

ome and non-low income students, though a large income gap in

cceleration persisted in part because of the large income gap in

VAAS scores. A similar pattern is seen when comparing black and

ispanic students to white and Asian students. Levels and trends

n math acceleration look quite similar by gender. 

. Data and empirical strategy 

.1. Data and summary statistics 

WCPSS first implemented the acceleration policy in the 2010–11

chool year. In the first two years of implementation, WCPSS first

pplied the assignment rule to rising 7th graders, placing them in

re-Algebra if determined to be eligible for acceleration. We re-

er to these two cohorts as the 2011 and 2012 cohorts, as these

epresent the spring of the year they were first in 7th grade and

hus potentially affected by the new policy. We focus on these two

ohorts because we can observe them through at least the start

f eleventh grade and because they share a common treatment,

amely initial acceleration in 7th grade. Subsequent cohorts, whom

e discuss briefly below, were first accelerated in sixth grade. Our

ain analysis sample thus consists of WCPSS students with valid

VAAS scores who entered 7th grade in the 2010–11 and 2011–12

chool years. 

Using data from the WCPSS longitudinal student information

ystem, we follow such students from the end of fifth grade, when

hey are first assigned EVAAS scores, through middle and high
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7 The policy substantially narrowed income and race gaps conditional on aca- 
school, when our outcomes of interest are measured. We can track

students as long as they stay within WCPSS. 6 The data include

student-level EVAAS scores, generated annually for rising sixth, 7th

and eighth graders as further standardized test scores are incor-

porated into the calculation. The data also contain information on

student demographics, such as gender, free or reduced price lunch

status, and race/ethnicity. We utilize such variables as controls in

some regression specifications and to explore heterogeneity in pro-

gram impacts. 

We observe each student’s middle school and high school

coursework transcripts. We can observe the math courses in which

students enroll and thus their acceleration status based on course

titles. Because classrooms can be uniquely identified and linked

to both students and teachers, we can construct measures of peer

composition, such as class size or average prior achievement, and

teacher characteristics, such as years of experience or value-added.

These classroom-level measures help us characterize in greater de-

tail the various channels through which acceleration may affect

student outcomes. 

We investigate three important categories of outcomes that

may be affected by math acceleration. First, we consider math

course enrollment in subsequent grades. The longest-run course

outcome we measure is enrollment in Precalculus by eleventh

grade, which indicates the student is still on the accelerated

track leading to twelfth grade calculus. Second, we observe course

grades, which allow us to determine whether accelerated students

are excelling in, just passing or failing their more rigorous course-

work. Third, we observe two sets of standardized test scores. North

Carolina’s end-of-grade (EOG) exams in math and reading com-

prehension, administered in 3rd through eighth grades regardless

of course enrollment, provide a common assessment allowing us

to estimate whether acceleration affects achievement in middle

school. All students in these cohorts also take the ACT’s tenth

grade PLAN exam, a precursor to the ACT that is intended to mea-

sure college readiness. We observe students’ PLAN test scores, as

well as their answers to questions about post-high school educa-

tional intentions. 

Table 1 contains summary statistics for WCPSS students. Col-

umn 1, which contains all students in the 2011–12 cohorts, shows

that 43 percent of students are low income and 40 percent are

black or Hispanic. The average EVAAS score among these students

was 83.6, and nearly 80 percent of them were eligible for accelera-

tion according to the new rule. The threshold of 70 thus separated

the lowest quintile of the skill distribution from the upper four

quintiles. Though not all eligible students were accelerated, most

were, resulting in nearly two-thirds of WCPSS seventh graders in

these two cohorts enrolling in Pre-Algebra. 

Columns 2 and 3 divide the sample by initial acceleration sta-

tus. Relative to non-accelerated students, accelerated students are

substantially less likely to be low income, black or Hispanic, have

much higher prior test scores, are in classes with much higher-

scoring peers, and have much better outcomes as measured by

test scores, subsequent advanced math course enrollment and col-

lege intentions. Column 4 shows our main regression discontinuity

sample, defined as those students within 15 EVAAS points of the

eligibility threshold. Because the threshold represents roughly the

20th percentile of the skill distribution in WCPSS, such students

have lower academic skills and are more likely to be low income

or black or Hispanic than the average WCPSS student. 

Before turning toward estimation of the impact of acceleration

on later outcomes, we note our previous finding that the new pol-

icy reduced the role of demographic characteristics in course as-
6 Rates of departure from WCPSS were low and not impacted by course place- 

ment. We show later that our primary results are not sensitive to the way in which 

such missing data is dealt with. 

d

t

o

o

t

ignment ( Dougherty et al., 2015 ). For untreated cohorts, even con-

itional on academic skill, low income and black or Hispanic stu-

ents were less likely to be accelerated than their peers. For the

ost recent treated cohorts, conditional on academic skill, the in-

ome gap in acceleration was one-third the size of the gap in ear-

ier cohorts and there was no statistically significant racial gap.

lack and white students in the same school, same grade and of

he same academic skill appear now to have equal exposure to

ccelerated math coursework. The new EVAAS score-based assign-

ent rule thus succeeded in reducing the role of income and race

n the math acceleration decision by emphasizing the role of aca-

emic skill. 7 

.2. Regression discontinuity design 

We now turn to estimation of the impacts of math accelera-

ion on student outcomes. The substantial differences in academic

kill and other factors between accelerated and non-accelerated

tudents would severely bias a simple comparison of these two

roups’ outcomes. To cleanly identify the impact of math accel-

ration on course enrollment, course grades and test scores, we

xploit the fact that WCPSS chose an EVAAS predicted probabil-

ty of 70 percent as the threshold for assignment to accelerated

ath coursework. This fact allows us to use a regression discon-

inuity (RD) design to compare outcomes of students just above

nd below that threshold, two groups of students who are nearly

dentical except that the former group was recommended for ac-

eleration while the latter was not. As such, comparison of these

wo groups near the threshold should yield estimates unbiased by

ifferences in prior academic achievement or other student char-

cteristics. 

For the RD approach to yield valid causal inference, subjects

ust not be able to precisely control their EVAAS score relative

o the threshold. Three facts support this assumption. First, while

CPSS selected the cutoff criteria of 70 percent, SAS was responsi-

le for generating the probability values and the underlying model

s not made public. Second, EVAAS scores are a function of per-

ormance on multiple prior standardized tests and students have

either sufficient technical knowledge of the policy nor sufficient

apability to manipulate their own test performance to precisely

nfluence their placement relative to the threshold. Third, for the

arliest cohorts, students sat for standardized tests prior to the de-

elopment of the prediction model or assignment policy and could

ot have anticipated it being implemented. The density of EVAAS

cores near the threshold, shown graphically in Fig. A.1 , is quite

mooth across the whole sample and near the threshold, suggest-

ng no obvious manipulation of EVAAS scores. Densities disaggre-

ated by cohort look similarly smooth. 

Students could qualify for placement into seventh grade Pre-

lgebra by receiving an EVAAS score of at least 70 at the end of

th grade or at the end of sixth grade. If either score met that

hreshold, the student was considered eligible. We thus implement

ur regression discontinuity design by assigning each student a re-

entered maximum of those two scores: 

VAAS = max (EV AAS 5 , EV AAS 6 ) − 70 (1)

tudents for whom this EVAAS score is negative never qualified at

he end of either grade, while those whose score is non-negative

ualified after at least one of those grades. This maximum score
emic skill but had less of an impact on unconditional gaps because a high propor- 

ion of low income and minority students were below the eligibility threshold. In 

ther words, the policy helped previously overlooked students in the top four–fifths 

f the skill distribution but did not address the bottom fifth, which is dispropor- 

ional low income and minority. 
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Table 1 

Summary statistics. 

(1) (2) (3) (4) 

All students Accelerated Non-accelerated RD sample 

(A) Demographics 

Low income 0.429 0.296 0.656 0.683 

Black/Hispanic 0.397 0.272 0.610 0.654 

Female 0.501 0.503 0.497 0.519 

Special education 0.460 0.515 0.366 0.248 

Limited English proficiency 0.154 0.127 0.199 0.212 

(B) Math course and skills 

EVAAS score 83.6 95.1 62.9 72.3 

EVAAS score ≥ 70 0.793 0.982 0.451 0.618 

Initially accelerated 0.631 1.0 0 0 0.0 0 0 0.366 

5th grade math z-score 0.008 0.449 −0.812 −0.736 

(C) Math course peer composition 

Mean 5th grade math z-score 0.006 0.413 −0.690 −0.551 

Class size 24.1 26.1 20.8 21.7 

Fraction low income 0.418 0.305 0.613 0.598 

Fraction black or Hispanic 0.387 0.280 0.570 0.563 

Fraction female 0.497 0.502 0.487 0.501 

(D) Outcomes 

Math z-score, 7th grade 0.022 0.445 −0.799 −0.724 

Algebra I, 8th grade 0.615 0.912 0.107 0.318 

Precalculus, 11th grade 0.447 0.663 0.078 0.200 

PLAN percentile, 10th grade 60.7 70.4 33.9 36.0 

Plans to attend 4-year college 0.764 0.815 0.624 0.679 

N 20,800 13,131 7,669 3,333 

Notes: Mean values of key variables are shown for students in the 2011–12 cohorts. Column 1 includes all students. 

Columns 2 and 3 separate students into those enrolled and not enrolled in pre-algebra in seventh grade. Column 4 

limits the sample to our main regression discontinuity sample, those within 15 EVAAS points of the eligibility threshold. 
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9 EVAAS scores are computed to one-tenth of a percentage point and are thus 

nearly continuous, so that we have no need to cluster by score as suggested by 

Lee and Card (2008) . 
hus transforms the two underlying EVAAS scores into a unidimen-

ional variable that can be used in a traditional RD framework. 

Because compliance with the assignment rule was imperfect,

e use a fuzzy regression discontinuity design by implementing

 two-stage approach to estimate the effect of math acceleration

n various outcomes ( Imbens & Lemieux, 2008 ). In the first stage,

he threshold provides exogenous variation in the probability that

 student is on the accelerated math track. We use local linear re-

ressions so that the first stage takes the form: 

ccelerated ics = α0 + α1 El igibl e ics + α2 EVAAS ics 

+ α3 (El igibl e ∗ EVAAS) ics + γcs + μics (2) 

ere, Accelerated indicates that student i in cohort c and school s

as initially placed in an accelerated math course, meaning Pre-

lgebra in 7th grade. The variable Eligible indicates whether a stu-

ent was above the EVAAS eligibility threshold. The running vari-

ble EVAAS is that student’s re-centered maximum EVAAS score

s defined above. Including that term, as well as its interaction

ith Eligible , fits straight lines of potentially different slopes on ei-

her side of the threshold. The coefficient α1 represents the differ-

nce in acceleration probabilities between students just above and

ust below the eligibility threshold. Cohort-by-school fixed effects

ensure that students are being compared to their within-school

eers, to control for differences in course offerings and assignment

rocesses across schools and time. 8 

We use predicted values from the first stage to then estimate

he following second-stage equation: 

 ics = β0 + β1 Accelerated ics + β2 EVAAS ics 

+ β3 (El igibl e ∗ EVAAS) ics + λcs + εics (3) 

ere, Y represents a variety of student outcomes. The coefficient

1 estimates the impact of initial math acceleration on such sub-

equent outcomes for compliers, those students whose acceleration
8 Inclusion of the cohort-by-school fixed effects has little impact on the magni- 

ude of the estimated coefficients but substantially increases their precision. 

b

C

g

tatus was affected by the eligibility threshold itself ( Angrist, Im-

ens, & Rubin, 1996 ). These estimates represent local average treat-

ent effects for students near the 20th percentile of the skill dis-

ribution in Wake County. 

For our primary specification, we estimate these local linear

egressions using a rectangular kernel, demographic controls, and

tandard errors clustered by initial middle school. 9 The demo-

raphic controls include gender, race, low income status, age at

iddle school entry, and special education and limited English

roficiency status. We use a bandwidth of 15 EVAAS points be-

ause, for most of our outcomes, it is quite close to the reduced

orm optimal bandwidths suggested by Imbens and Kalyanara-

an (2012) . We later show that our results are robust to alter-

ate bandwidths, including the Imbens-Kalyanaraman bandwidth,

s well as to the exclusion of demographic covariates as controls. 10 

That inclusion of covariates does not affect our central esti-

ates is unsurprising given that the inability to manipulate the

VAAS score suggests students’ demographic characteristics should

e balanced across the threshold. We confirm this in Table A.1 ,

hich tests for discontinuities in demographic characteristics at

he threshold by running our first-stage specification with various

ovariates as outcomes. The samples appear balanced across nearly

ll covariates. Only low income status shows a marginally signifi-

ant imbalance using our preferred bandwidth, which we suspect

s spurious. To test the joint balance of all of these covariates, we

enerate predicted math and reading scores for the treated co-

orts based on coefficients from a regression of those outcomes on

hese covariates for the untreated 2008 cohort. The final two rows
10 Though not shown here, the results presented below are also robust to optimal 

andwidths selected by the methods proposed in Ludwig and Miller (2007) and 

alonico, Cattaneo, and Titiunik (2014) . They are also robust to the use of a trian- 

ular kernel. 
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Table 2 

Eligibility and initial math acceleration. 

BW = 10 BW = 15 BW = 15 BW = 20 BW = IK BW = IK 

(1) (2) (3) (4) (5) (6) 

All students 0.281 ∗∗∗ 0.244 ∗∗∗ 0.240 ∗∗∗ 0.230 ∗∗∗ 0.224 ∗∗∗ 0.219 ∗∗∗

(0.047) (0.034) (0.033) (0.031) (0.028) (0.027) 

F 35.2 51.9 53.6 54.5 62.4 66.5 

N 2102 3333 3333 4,806 5636 5636 

Low income 0.289 ∗∗∗ 0.235 ∗∗∗ 0.231 ∗∗∗ 0.223 ∗∗∗ 0.215 ∗∗∗ 0.213 ∗∗∗

(0.053) (0.030) (0.030) (0.030) (0.026) (0.025) 

F 30.2 61.9 60.4 56.7 67.4 69.7 

N 1463 2271 2271 3,113 4462 4462 

Non-low income 0.274 ∗∗∗ 0.260 ∗∗∗ 0.271 ∗∗∗ 0.242 ∗∗∗ 0.189 ∗∗∗ 0.180 ∗∗∗

(0.065) (0.060) (0.062) (0.060) (0.048) (0.047) 

F 17.6 18.8 19.3 16.5 15.8 14.5 

N 628 1049 1049 1,675 6094 6094 

Black/Hispanic 0.337 ∗∗∗ 0.279 ∗∗∗ 0.279 ∗∗∗ 0.245 ∗∗∗ 0.239 ∗∗∗ 0.235 ∗∗∗

(0.054) (0.037) (0.036) (0.036) (0.034) (0.034) 

F 38.8 57.4 58.5 45.6 48.4 48.8 

N 1411 2180 2180 2,979 5777 5777 

White/Asian 0.157 ∗∗ 0.171 ∗∗∗ 0.164 ∗∗∗ 0.200 ∗∗∗ 0.151 ∗∗∗ 0.149 ∗∗∗

(0.069) (0.049) (0.048) (0.049) (0.034) (0.034) 

F 5.1 12.0 11.7 16.5 19.5 19.0 

N 592 989 989 1,597 3363 3363 

Male 0.272 ∗∗∗ 0.245 ∗∗∗ 0.241 ∗∗∗ 0.222 ∗∗∗ 0.212 ∗∗∗ 0.210 ∗∗∗

(0.056) (0.039) (0.039) (0.037) (0.034) (0.033) 

F 23.7 39.6 37.9 34.9 39.4 39.3 

N 1009 1592 1592 2,301 2917 2917 

Female 0.304 ∗∗∗ 0.247 ∗∗∗ 0.253 ∗∗∗ 0.241 ∗∗∗ 0.224 ∗∗∗ 0.225 ∗∗∗

(0.060) (0.042) (0.042) (0.037) (0.031) (0.030) 

F 25.7 34.0 36.3 42.0 53.3 55.6 

N 1082 1724 1724 2,482 4720 4720 

Controls N N Y N N Y 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school 

are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). First stage estimates show the 

impact of initial eligibility on the probability of enrollment in seventh grade acceler- 

ated math coursework. The coefficients shown are generated by local linear regres- 

sion using the listed bandwidth and including cohort-by-middle school fixed effects. 

Columns 3 and 6 also include demographic controls. The Imbens–Kalyanaraman op- 

timal bandwidth takes values (in descending order of the panels) of 22.4, 26.5, 29.6, 

30.6, 27.2, 23.6 and 28.3. Below each coefficient is the F-statistic associated with the 

eligibility instrument. The proportion of students just below the mean who enroll 

in accelerated coursework is between 0.12 and 0.14 in all rows. 
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11 Most non-compliance was apparently driven by students and families opting 

out of accelerated courses to which they were assigned. Evidence from the time 

suggests fewer than five percent of non-compliance cases were due to schools not 

following the assignment rule. 
12 “Expected growth” represents a test score gain that North Carolina deems stan- 

dard for a given student. Teachers’ value-added measures then represent an average 

of students’ growth. In WCPSS, about one-fifth of teachers fall into this category of 

not making expected growth. 
show no evidence of differences in predicted test scores across the

threshold. 

The regression discontinuity design allows us to make valid

causal claims about the impact of the policy and the associated

course advancement on students’ subsequent outcomes. A clear

limitation is that our findings and associated implications are gen-

eralizable most directly only to those students at the margin of

meeting the policy criteria. That is, we are able to understand the

impact of being on the margin of eligibility and therefore placed

in the accelerated math trajectory. Nonetheless, understanding the

impact among this marginal set of students is important. If these

students fare worse as a result of advancement, the district may

be inclined to develop more stringent placement standards. On the

other hand, if these marginal students fare better, the district may

be inclined to relax the standard and open the opportunity to even

more students. In the absence of a discernible learning impacts,

districts may nevertheless be pleased with the more representative

demographic composition of advanced classes. In short, there are

important policy implications for understanding effects precisely at

the EVAAS threshold relevant to the policy in question. 

3.3. First stage results 

We test the strength of the first stage relationship between eli-

gibility and math acceleration in Table 2 , where the outcome is en-

rollment in 7th grade Pre-Algebra. The first row shows that, across

specifications that vary in bandwidth and inclusion of demographic
ontrols, students just above the eligibility threshold are substan-

ially more likely to be accelerated than those below it. Our pre-

erred specification, in column 3, indicates that eligibility boosts

th grade Pre-Algebra enrollment by 24 percentage points, which

epresents a tripling of the acceleration rate relative to the 12 per-

ent rate for students just below the threshold. 11 The F-statistic

or the instrument in our preferred specification exceeds 50, sug-

esting that eligibility is a strong source of exogenous variation

n acceleration status. This can also be seen graphically in Fig. 1 ,

hich shows a substantial and visually obvious discontinuity and

uggests the relationship between acceleration and EVAAS is fairly

inear. 

The remaining rows of Table 2 show first stage estimates sep-

rately by income, race and gender. We see no evidence that the

elationship between eligibility and acceleration varies by income

r gender, with remarkably similar point estimates across all speci-

cations. We do, however, see some evidence that the relationship

aries by race, with generally stronger first stages for black and

ispanic students than for white and Asian students. Figs. A.2 –

.4 show these first stages graphically, with remarkable overlap

etween the two sets of observations in each figure. The slight

ifference in first stage strength by race appears to be driven by

he fact the just eligible white and Asian students are, if anything,

ess likely to be accelerated than their black and Hispanic peers.

verall, acceleration rates conditional on academic skill appear to

e quite similar by demographic subgroup, so that the assignment

ule appears to have a fairly homogeneous impact on math accel-

ration rates. 

Before turning to the impact of math acceleration on student

utcomes, we document a variety of channels potentially respon-

ible for such impacts. The most obvious channel through which

ath acceleration might affect students is through exposure to a

ore rigorous curriculum, something we cannot measure precisely

eyond categorizing courses based on their titles. We can, however,

bserve other aspects of the classroom experience to which stu-

ents are exposed, including the characteristics of the peers and

eacher in each student’s math classroom. In each classroom, we

an characterize the mean and standard deviation of peers’ math

kills as measured by 5th grade math scores, the total class size,

nd the fraction of students who are female and black or His-

anic. For many of the students’ math teachers, we can also iden-

ify value-added measures of teacher quality, years of experience,

ace and gender. 

Table 3 shows instrumental variables estimates of the effect of

nitial math acceleration on the characteristics of a student’s ini-

ial math classroom. Panel A shows that acceleration exposes stu-

ents to peers who are 0.8 standard deviations higher in math

kill but has no impact on the within-classroom variance of peer

kills. It substantially increase class size, by five students, consis-

ent with the observation by Lazear (2001) that more academi-

ally skilled students can be placed in larger classes. Accelerated

tudents end up in math classes substantially less populated by

lack or Hispanic students but similar in terms of gender compo-

ition. Panel B shows that acceleration has little impact on aver-

ge teacher quality, though it may reduce the probability of hav-

ng a low-performing teacher, defined as one whose value-added

easure “does not meet expected growth.”12 Acceleration has no
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Fig. 1. Enrollment in Pre-Algebra in seventh grade. 

Notes: Shown above is the fraction of students who enrolled in Pre-Algebra by seventh grade, as a function of their maximum EVAAS score measured prior to seventh grade. 

EVAAS scores have been collapsed to one-point wide bins. 

Table 3 

Math classroom peer and teacher characteristics. 

(1) (2) (3) (4) (5) 

(A) Peers Mean St. dev. Class Fraction Fraction 

math skill math skill size black/Hisp. female 

Accelerated 0.819 ∗∗∗ −0.028 4.780 ∗∗∗ −0.187 ∗∗ −0.006 

(0.157) (0.047) (1.482) (0.073) (0.038) 

Mean of the outcome −0.77 0.65 20.31 0.61 0.50 

N 3333 3333 3333 3,333 3333 

(B) Teacher Value- Low Years of Black/ 

added VAM experience Hispanic Female 

Accelerated 0.096 −0.148 ∗ 3.253 0.075 0.084 

(0.294) (0.082) (2.400) (0.094) (0.149) 

Mean of the outcome −0.11 0.26 −11.04 0.22 0.78 

N 3125 3125 3086 3,086 3086 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school 

are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). Instrumental variables estimates 

show the impact of initial math acceleration on the peer and teacher characteristics 

for each student’s initial math classroom, where acceleration is instrumented with 

eligibility. The coefficients shown are generated by local linear regression using a 

bandwidth of 15 and including cohort-by-middle school fixed effects. Below each 

coefficient is the mean of the outcome variable for students just below the thresh- 

old. In panel B, is an indicator for having a math teacher whose VAM does not meet 

“expected growth.”
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iscernible impact on the experience level, race or gender of stu-

ents’ math teachers. 13 

In total, these results suggest that acceleration exposes students

o higher skilled peers, which might have positive effects, but also

o larger class sizes, which might have negative effects. Observable

eacher characteristics are generally similar across accelerated and
13 These results are not biased by our inability to link a small number of students 

o teachers, as the probability of such linkage is itself unaffected by the eligibility 

hreshold. 

a  

a

on-accelerated students. The impact of a more challenging cur-

iculum is also theoretically ambiguous. Based on these results, it

s worth noting that because of the structure of the policy, students

n different sides of the EVAAS threshold had mathematics class-

oom experiences that differed not only in terms of curriculum and

ourse content but also in terms of the student composition of the

lassroom itself. In this respect, the treatment we are assessing is

ultidimensional and not necessarily the exclusive effect of a more

dvanced mathematics curriculum. 

We also note that WCPSS, anticipating newly accelerated stu-

ents might struggle in their classes, offered additional, optional

utoring services for students with EVAAS scores between 70 and

0. The treatment effect we estimate at the 70 threshold may

hus consist partially of such tutoring services. Unfortunately, we

ave little clear evidence on take-up rates for these services, ei-

her in aggregate or for individual students. Though not shown

ere, we find no evidence of discontinuities in any outcomes at

he 80 threshold, implying either that tutoring services were inef-

ective or that take-up rates were too low to generate detectable

ffects. 

. Math acceleration and student outcomes 

.1. Test scores 

Having established that the eligibility threshold provides a

trong source of exogenous variation in the probability of being in

he accelerated math track, we now estimate the impact of such

cceleration on short-run standardized test scores. 14 Fig. 2 shows
14 All test scores have been standardized within grade and year to have mean zero 

nd standard deviation one. 
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Fig. 2. Math achievement. 

Notes: Shown above are students’ mean z-scores (standardizedd by grade and year) on North Carolina’s end of seventh grade math exam, as a function of their maximum 

EVAAS score measured prior to seventh grade. EVAAS scores have been collapsed to one-point wide bins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4 

Math acceleration and standardized test scores. 

2011–12 Cohorts 2011–13 Cohorts 

Math Took Reading Math 

z-score math test z-score z-score 

(1) (2) (3) (4) 

After initial year −0.038 0.043 −0.094 0.042 

(0.156) (0.031) (0.215) (0.092) 

Mean of the outcome −0.81 0.98 −0.69 −0.83 

N 3307 3333 3290 5,232 

After second year 0.007 0.058 0.178 0.071 

(0.159) (0.048) (0.192) (0.078) 

Mean of the outcome −0.80 0.95 −0.76 −0.80 

N 3204 3333 3191 4,989 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school 

are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). Instrumental variables estimates 

show the impact of initial math acceleration on standardized test scores, where 

acceleration is instrumented with eligibility. The coefficients shown are generated 

by local linear regression using a bandwidth of 15 and including cohort-by-middle 

school fixed effects. Columns 1 and 4 use as outcomes end-of-grade math test z- 

scores, standardized within grade and year. Column 2 uses indicators for taking 

those math exams. Column 3 uses end-of-grade reading test z-scores, standardized 

within grade and year. The first row measures outcomes at the end of the first year 

of acceleration, which is seventh grade for the 2011-12 cohorts and sixth grade for 

the 2013 cohort. The second row measures outcomes at the end of the second year 

after acceleration, which is eighth grade for the 2011-12 cohorts and seventh grade 

for the 2013 cohort. Columns 1–3 include only the 2011-12 cohorts, while column 

4 also includes the 2013 cohort. Below each coefficient is the mean of the outcome 

variable for students just below the threshold. 

t  

a

 

r  
the reduced form relationship between EVAAS scores and end-of-

grade math test scores as measured in 7th grade. Unsurprisingly,

prior achievement as measured by EVAAS scores has a clear and

positive relationship with subsequent achievement. There is, how-

ever, no visually apparent discontinuity in test scores at the eli-

gibility threshold. The estimate in the first row of column 1 of

Table 4 confirms this, showing no statistically significant impact

of 7th grade acceleration on math achievement at the end of that

school year. The top row of Table A.2 shows that this small point

estimate and lack of statistical significance is robust to a variety of

other specifications. The remaining rows show little clear evidence

of subgroup effects. The only exception, that acceleration increases

non-low income students’ scores substantially, appears somewhat

sensitive to the bandwidth selected. 

This lack of clear achievement impact is unlikely to be driven by

differential selection into test-taking, as column 2 of Table 4 shows

no difference in testing rates across the threshold. Math accelera-

tion does not appear to have spillover effects onto reading skills,

given no apparent impact on end-of-grade reading test scores in

column 3. The second row shows no apparent impacts of 7th grade

acceleration on achievement at the end of eighth grade. Because

the point estimates in column 1 are close to zero but imprecisely

estimated, in column 4 we include an additional cohort, those stu-

dents who started 7th grade in 2012–13. Such students acceler-

ated starting in sixth grade. Using sixth grade acceleration as the

treatment variable for these students, along with sixth and seventh

grade test scores as outcomes, allows us to increase the precision

of our estimated impacts of math acceleration on achievement af-

ter one and two years. Point estimates are still fairly close to zero

and we can rule out positive impacts of more than 0.2 standard

deviations. Overall, we see little clear evidence that targeted accel-

eration affected math or reading standardized test scores, in con-
rast to universal acceleration policies that often generate negative

chievement effects. 

Why does math acceleration not have clearer impacts on short-

un standardized test scores? Our estimated test score impacts are
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Table 5 

Math acceleration and course grades. 

(1) (2) (3) (4) (5) 

Pre-algebra, Algebra I, Geometry, Algebra II, Precalculus, 

7th grade 8th grade 9th grade 10th grade 11th grade 

Took course 1.0 0 0 ∗∗∗ 0.622 ∗∗∗ 0.405 ∗∗∗ 0.239 ∗∗∗ 0.138 ∗∗

by listed grade (0.0 0 0) (0.069) (0.077) (0.060) (0.067) 

Mean of the 

outcome 

0.13 0.11 0.10 0.09 0.09 

Passed course 0.904 ∗∗∗ 0.542 ∗∗∗ 0.328 ∗∗∗ 0.176 ∗∗∗ 0.110 

by listed grade (0.036) (0.082) (0.066) (0.062) (0.074) 

Mean of the 

outcome 

0.12 0.09 0.07 0.09 0.09 

Earned A or B in 

course 

0.110 0.059 0.066 0.120 ∗∗∗ 0.094 ∗∗∗

by listed grade (0.071) (0.052) (0.044) (0.043) (0.034) 

Mean of the 

outcome 

0.04 0.02 0.01 0.02 0.02 

Non-math GPA ≥
B 

0.321 ∗∗∗ 0.354 ∗∗∗ 0.096 0.065 0.152 

in listed grade (0.121) (0.103) (0.112) (0.118) (0.095) 

Mean of the 

outcome 

0.32 0.27 0.15 0.15 0.10 

Present in WCPSS 0.006 −0.022 −0.044 0.050 

in listed grade (0.024) (0.058) (0.085) (0.131) 

Mean of the 

outcome 

0.99 0.96 0.92 0.83 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school 

are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). Instrumental variables esti- 

mates show the impact of initial math acceleration on coursework outcomes, where 

acceleration is instrumented with eligibility. The coefficients shown are generated 

by local linear regression using a bandwidth of 15 and including cohort-by-middle 

school fixed effects. Panel A uses as outcomes indicators for being on the acceler- 

ated math track, as measured by having taken the listed course by the listed grade. 

Panel B uses indicators for passing that course, while panel C uses indicators for 

earning an A or B in that course. Panels D and E respectively use indicators for 

taking and passing by 8th grade the North Carolina end-of-course Algebra I exam. 

Panel F uses indicators for being present in WCPSS, as measured by any course en- 

rollment. Below each coefficient is the mean of the outcome variable for students 

just below the threshold. The sample size in each regression is 3,333. 
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15 Nearly all of those students take the Algebra I End-of-Course exam and 40 per- 

cent of those pass that exam, implying that acceleration does substantially increase 

the number of students qualifying as proficient in Algebra I by the end of 8th grade. 

Students at the EVAAS threshold were those predicted to have 70 percent pass rates 

on that exam, suggesting the marginal accelerated student here is under-performing 

those EVAAS predictions. 
16 Fig. 4 shows that a small number, roughly six percent, of students in our sam- 

ple appear to take Precalculus in 11th grade without having been accelerated in 

7th grade. This appears to be due to three factors: students doubling up on course- 

work in some intervening year, students taking coursework out of the traditional 

sequence, or a few odd course titles that are challenging to categorize clearly in the 

traditional math sequence. 
17 The last row of Table 5 shows that persistence in WCPSS seems unaffected by 

seventh grade math acceleration. This is consistent with the fact that our choice 

to assign zeroes for outcomes to students missing from WCPSS data in later years 

leads to very similar point estimates if we exclude such students entirely. 
18 Table 5 tests whether initial acceleration changed the timing of taking a given 

course. Table A.3 estimates the impact of acceleration on the probability of taking 

various high school courses by the end of high school. Estimated impacts on Ge- 

ometry and Algebra II course-taking are substantially smaller, likely because many 

students ineligible for initial acceleration nonetheless eventually take those courses, 

as can be seen in the high control means for those variables. The impact on taking 

or earning at least a B in Precalculus, though noisier than that in Table 5 , has a 

similar magnitude, perhaps because by definition students have only one additional 

year to take it. 
elatively imprecise so we cannot exclude the possibility of rather

izable positive or negative impacts. One explanation for impre-

ision may be that curricular differences between the advanced

nd non-advanced course sequences may be more modest than

ourse titles suggest, so that students in each track are exposed

o similar material and are thus similarly prepared for the end-of-

rade assessments. The end-of-grade tests may also not be sensi-

ive to the curricular differences that do exist between these two

ourse levels, if topics covered in the advanced track but not in

he lower track are not present on the exam. Finally, given that

lotfelter et al. (2015) find heterogeneous impacts by student skill,

t may be that WCPSS set the eligibility threshold at a point in the

kill distribution where the marginal student’s test scores are nei-

her helped nor harmed by this intervention. 

.2. Coursework 

The primary goal of math acceleration policies is to increase the

umber of students prepared for college-level math. Table 5 ex-

lores the impact of placement into Pre-Algebra in seventh grade

n students’ coursework trajectories through the start of eleventh

rade. Each column shows a different grade level, while the first

hree rows indicate whether students were still enrolled in the

ccelerated track in that grade, whether they passed an acceler-

ted course, and whether they earned an A or B in an accelerated

ourse. These instrumental variables estimates can be interpreted

s changes in the probability of these outcomes for the marginal

tudent induced into seventh grade Pre-Algebra by the new pol-

cy. Alternatively, they can be interpreted as the fraction of ini-

ial compliers who succeed at the given outcome. Column 1 shows
hat, of the students induced by the new policy into seventh grade

re-Algebra, 90 percent passed that Pre-Algebra course but only 11

ercent earned a B or better. This suggests that the vast majority

f marginal students are earnings Cs and Ds in their Pre-Algebra

ourse, passing but not excelling in it. 

In part because of this relatively poor academic performance,

nly 62 percent of the initially accelerated students remain in the

ccelerated track the next year to take Algebra I in eighth grade,

s the first row shows. 15 By ninth grade, only 41 percent remain to

ake geometry. Fig. 3 shows this drop-off visually, with the accel-

ration discontinuity becoming smaller in eighth and ninth grades

elative to its initial size in seventh grade. By tenth grade, only 24

ercent of initially accelerated students remain to take Algebra II.

y eleventh grade, only 14 percent are taking Precalculus. Fig. 4

hows that the initial acceleration discontinuity has nearly van-

shed four years later, with a large gap at point in the skill distri-

ution between the fraction of students enrolled in seventh grade

re-Algebra and the fraction enrolled in eleventh grade Precalcu-

us. 16 Each year, roughly one third of students in the accelerated

rack drop back into the non-accelerated track the subsequent year.

s the second and third rows of Table 5 show, most marginal stu-

ents who remain in the accelerated track pass their courses but

ew earn As or Bs. 

For the first two years, in middle school, acceleration sub-

tantially boosts the fraction of students enrolled in more rigor-

us math coursework and even seems to have positive impacts

n grades in non-math courses, raising the probability of hav-

ng a non-math GPA of at least a B by more than 30 percent-

ge points. Though not shown here, that effect is divided roughly

venly across science and humanities courses, suggesting the rele-

ant channel is not knowledge spillovers from math but something

ore general, such as peer effects or changed academic expecta-

ions. 

By junior year of high school, the accumulated leakage from the

ipeline means that seventh grade acceleration increases Precalcu-

us taking rates by a statistically significant but modest 14 percent-

ge points. 17 The point estimates suggest that nearly all such stu-

ents pass that Precalculus course, with acceleration increasing by

 statistically significant nine percentage points the proportion of

tudents earning at least a B in Precalculus by junior year. Accel-

ration thus increases the share of students on and succeeding in

 college-ready track near the end of high school albeit at a lower

ate than that induced by the acceleration in middle school. 18 
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Fig. 3. Pipeline persistence, years 2 and 3. 

Notes: Shown above in panels A and B are respectively the fraction of students who enrolled in Algebra I by 8th grade and geometry by ninth grade, as a function of their 

maximum EVAAS score measured prior to seventh grade. EVAAS scores have been collapsed to one-point wide bins. In each panel, the open circles show as a reference point 

the fraction of students initially enrolled in Pre-Algebra in seventh grade. 
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This average impact masks substantial heterogeneity by stu-

dent characteristics. Table 6 shows estimated impacts of accelera-

tion on grades in the initial Pre-Algebra course and on subsequent

years’ enrollment in the accelerated track, broken out by student

income, race and gender. In their initial seventh grade Pre-Algebra

course, low income students accelerated because of the policy earn

lower grades than their non-low income counterparts, with both

lower rates of passing and of earning As or Bs. Perhaps because

of this, the rate at which students stay in the accelerated track in

subsequent years varies tremendously by income. By eighth grade

only half of low income students remain in the track, compared

to nearly 90 percent of non-low income students. That roughly
0 percentage point gap in persistence in the pipeline remains

airly constant through high school. By eleventh grade, over 40 per-

ent of initially accelerated non-low income students remain in the

rack taking Precalculus, compared to 5 percent of low income stu-

ents, the latter estimate of which is statistically indistinguishable

rom zero. Fig. 5 shows this graphically, with a clear discontinu-

ty in Precalculus enrollment visible for non-low income students

ut no apparent discontinuity for low income students. Interest-

ngly, no such clear heterogeneity presents itself by race, though

stimates for white and Asian students are particularly noisy due

o a relatively weak first stage. 
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Fig. 4. Pipeline persistence, years 4 and 5. 

Notes: Shown above in panels A and B are respectively the fraction of students who enrolled in Algebra II by tenth grade and Precalculus by eleventh grade, as a function of 

their maximum EVAAS score measured prior to seventh grade. EVAAS scores have been collapsed to one-point wide bins. In each panel, the open circles show as a reference 

point the fraction of students initially enrolled in Pre-Algebra in seventh grade. 
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19 Though we ultimately believe that pre-calculus course-taking by 11th grade is 

the single most important measure of whether this intervention succeeded, we ac- 

knowledge that our number of outcomes may raise concerns about multiple hy- 

pothesis testing. However, results are not sensitive to imposing a very conservative 
Splitting the sample by gender also reveals substantial hetero-

eneity. Female students pass their initial Pre-Algebra class at sub-

tantially higher rates (97 percent) than male students (82 per-

ent). The fraction who continue on to take Algebra I in eighth

rade looks quite similar but a much higher fraction of male stu-

ents leave the accelerated track after 8th grade. By ninth grade,

nly 32 percent of initially accelerated male students are still on

he accelerated track, compared to 53 percent of female students.

y eleventh grade, acceleration has had no discernible impact on

he share of male students enrolled in Precalculus but has raised

he fraction of female students taking Precalculus by 34 percentage

oints. In short, of those accelerated in seventh grade, all male stu-

B

ents drop out of the accelerated track by eleventh grade whereas

ne third of female students remain. Fig. 6 shows this graphically,

ith a clear discontinuity in Precalculus enrollment visible for fe-

ale students but nothing apparent for male students. 19 

Low income students see no increase in Precalculus enrollment,

hereas non-low income students’ enrollment rates rise by at least
onferroni correction for 30 hypotheses (.05 / 30 = 0.00167). 
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Table 6 

Heterogeneous effects on math coursework. 

(1) (2) (3) (4) (5) (6) 

Passed A or B in Took Took Took Took 

Pre-algebra, Pre-algebra, Algebra I, Geometry, Algebra II, Precalculus, 

7th grade 7th grade 8th grade 9th grade 10th grade 11th grade 

Low income 0.888 ∗∗∗ 0.102 0.498 ∗∗∗ 0.340 ∗∗∗ 0.143 ∗ 0.045 

(0.056) (0.086) (0.096) (0.098) (0.077) (0.088) 

Mean of the outcome 0.12 0.05 0.11 0.10 0.10 0.09 

N 2271 2271 2271 2,271 2271 2271 

Non-low income 1.0 0 0 ∗∗∗ 0.266 ∗∗∗ 0.889 ∗∗∗ 0.641 ∗∗∗ 0.521 ∗∗∗ 0.414 ∗∗∗

(0.032) (0.078) (0.172) (0.170) (0.141) (0.153) 

Mean of the outcome 0.11 0.03 0.10 0.10 0.07 0.08 

N 1049 1049 1049 1,049 1049 1049 

Black/Hispanic 0.875 ∗∗∗ 0.137 0.542 ∗∗∗ 0.368 ∗∗∗ 0.248 ∗∗∗ 0.146 ∗

(0.048) (0.089) (0.086) (0.097) (0.079) (0.086) 

Mean of the outcome 0.13 0.04 0.11 0.10 0.08 0.09 

N 2180 2180 2180 2,180 2180 2180 

White/Asian 0.937 ∗∗∗ −0.003 0.700 ∗∗∗ 0.262 0.083 0.041 

(0.096) (0.201) (0.257) (0.296) (0.248) (0.305) 

Mean of the outcome 0.11 0.04 0.13 0.13 0.11 0.09 

N 989 989 989 989 989 989 

Male 0.823 ∗∗∗ 0.137 0.603 ∗∗∗ 0.319 ∗∗ 0.196 ∗ −0.055 

(0.073) (0.090) (0.141) (0.137) (0.112) (0.101) 

Mean of the outcome 0.12 0.02 0.12 0.11 0.10 0.09 

N 1592 1592 1592 1,592 1592 1592 

Female 0.969 ∗∗∗ 0.111 0.664 ∗∗∗ 0.527 ∗∗∗ 0.306 ∗∗∗ 0.336 ∗∗∗

(0.046) (0.121) (0.108) (0.124) (0.112) (0.100) 

Mean of the outcome 0.12 0.06 0.10 0.10 0.08 0.08 

N 1724 1724 1724 1,724 1724 1724 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). Instrumental variables estimates show 

the impact of initial math acceleration on the listed outcomes, where acceleration is instrumented with eligibility. The coefficients shown are generated by local linear 

regression using a bandwidth of 15 and including cohort-by-middle school fixed effects. Below each coefficient is the mean of the outcome variable for students just below 

the threshold. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7 

College readiness scores and enrollment plans. 

(1) (2) (3) (4) (5) 

PLAN PLAN Plans for Plans for Took 

composite math four-year four-year PLAN 

percentile percentile college college exam 

All students 13.091 ∗∗ 7.798 0.251 ∗∗ 0.288 ∗∗ 0.124 

(6.475) (6.968) (0.122) (0.134) (0.128) 

Mean of the outcome 31.09 30.89 0.61 0.43 0.70 

N 2480 2491 2494 3,333 3333 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school 

are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). Instrumental variables esti- 

mates show the impact of initial math acceleration on the listed outcome on the 

tenth grade PLAN exam, where acceleration is instrumented with eligibility. The 

coefficients shown are generated by local linear regression using a bandwidth of 

15 and including cohort-by-middle school fixed effects. Outcomes in the first two 

columns are nationally normed percentile scores on the overall PLAN exam and its 

math component. The third column indicates whether a student intends to attend 

a four-year college, with the sample conditional on taking PLAN. The fourth column 

assigns zeroes for that college indicator to students not taking PLAN. The fifth col- 

umn indicates whether a student took PLAN in tenth grade. Below each coefficient 

is the mean of the outcome variable for students just below the threshold. 

A  

t  

r  

c  

6  

t  

i  

f  
40 percentage points. We observe no heterogeneity by race, with

point estimates for black and Hispanic students generally quite

similar to those for white and Asian students. Female Precalculus

enrollment rates rise by over 30 percentage points, whereas the

point estimates for males is small and statistically indistinguish-

able from zero. Middle school math acceleration increases the frac-

tion of eleventh graders doing college preparatory math course-

work, driven by large increases among non-low income and female

students. 20 

4.3. College readiness 

The final outcome we explore is the PLAN exam taken at the

end of tenth grade by all WCPSS students. This exam is designed to

predict success on the ACT, which in turn is intended to measures

students’ college readiness. The PLAN consists of four sections cov-

ering math, science, English and reading, scores from which are

combined into a composite score. We use the PLAN’s nationally

normed percentile versions of such scores. Students are also asked

a variety of questions, including their intended plans after high

school. Table 7 shows estimated impacts of initial acceleration on

PLAN scores and post-high school intentions. 

Middle school math acceleration appears to have increased stu-

dents’ composite PLAN scores by a statistically significant 13 per-

centiles. The reduced form version of this discontinuity is shown

graphically in Fig. 7 , which highlights that students just below the

eligibility threshold are scoring around 30th percentile in the na-

tional distribution. This overall score increase is not driven ex-

clusively by improved performance on the PLAN’s math section,

where scores improve by a statistically insignificant 8 percentiles.
20 These estimated impacts of initial acceleration on subsequent Precalculus 

course-taking rates are quite robust to a variety of specifications, as seen in 

Table A.4 . Across such specifications, overall Precalculus enrollment rates rise by 

14–25 percentage points, estimates that are all statistically significant. 

t

 

P  

E  

n  
cceleration also has a substantial impact on students’ college in-

entions. The fraction of students reporting that they intend to en-

oll in a four-year college upon graduation from high school in-

reases by 25 percentage points, compared to a baseline rate of

1 percent. The estimate in column 3, which treats those failing

o take the PLAN exam in WCPSS as missing, is nearly unchanged

f instead such students are counted as not intending to enroll in

our-year colleges, as shown in column 4. The graphical version of

his result is shown in Fig. 8 . 

Table A.5 shows that the magnitude of the impact on

LAN composite scores is somewhat sensitive to specification.

stimated impacts are, however, statistically significant across

early all tested specifications, including those using the Imbens-



S.M. Dougherty et al. / Economics of Education Review 58 (2017) 141–161 153 

0
.
1

.
2

.
3

.
4

.
5

T
o

o
k
 
p

r
e

-
c
a

lc
u

lu
s
,
 
1

1
t
h

 
g

r
a

d
e

55 70 85

EVAAS

(A) Non-low income students

0
.
1

.
2

.
3

.
4

.
5

T
o

o
k
 
p

r
e

-
c
a

lc
u

lu
s
,
 
1

1
t
h

 
g

r
a

d
e

55 70 85

EVAAS
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Fig. 5. Precalculus enrollment by income. 

Notes: Shown above is the fraction of students who enrolled in Precalculus by eleventh grade, as a function of their maximum EVAAS score measured prior to seventh grade. 

EVAAS scores have been collapsed to one-point wide bins. Panels A and B respectively limit the sample to non-low income and low income students. 

K  

e  

t  

e  

r  

s  

l  

t  

m  

t  

c

5

 

p  

w  

p  

m  

i  

o  

g  

t  
alyanaraman optimal bandwidth. The estimated impact of accel-

ration on college intentions is quite robust to specification and

he decision to include or exclude those who did not take the PLAN

xam. Nearly all point estimates fall in the 20–30 percentage point

ange and are at least marginally statistically significant. Table A.6

hows little evidence of heterogeneity in these PLAN score and col-

ege intention impacts by income, race or gender. Given substan-

ial demographic differences in pipeline leakage by 10th grade, this

ay imply that such impacts on college orientation are driven by

he initial acceleration in 7th grade and resulting exposure to new

urriculum and peers, rather than contemporaneous coursework. 
p  
. Conclusion 

Concerned both about the low number and demographic com-

osition of students enrolling in college preparatory math course-

ork in middle and high school, WCPSS implemented a targeted

olicy based on prior test scores to enroll appropriately skilled

iddle school students in an accelerated math track. Encourag-

ngly, the policy appears to have substantially increased the share

f students successfully completing an Algebra I course in eighth

rade, and course assignment has become more strongly related

o prior achievement and less to income and race. Though the

ipeline beyond middle school is fairly leaky, acceleration in sev-
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(B) Male students

Fig. 6. Precalculus enrollment by gender. 

Notes: Shown above is the fraction of students who enrolled in Precalculus by eleventh grade, as a function of their maximum EVAAS score measured prior to seventh grade. 

EVAAS scores have been collapsed to one-point wide bins. Panels A and B respectively limit the sample to female and male students. 
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O  
enth grade increases the marginal student’s access to Precalculus

in eleventh grade, and the increases are driven by female and non-

low income students. 

These results raise three further questions. First, can and should

the targeted acceleration policy be modified in order to reduce

leakage from the math pipeline? Potential modifications include

increasing the amount of additional academic support available to

accelerated students or incorporating non-test score based mea-

sures in the assignment process to improve identification of stu-

dents likely to succeed in accelerated coursework. A simple poten-

tial modification is to raise the eligibility threshold, which would

reduce the rate of leakage as the marginal student would now have
tronger academic skills. It would, however, reduce the number of

tudents encouraged to enroll in accelerated coursework, some of

hom we observe are able to succeed in such courses. This tension

etween access and the return to the marginal eligible student is

ighlighted in recent work by Cestau, Epple, and Sieg (2015) . 

Second and relatedly, what can be learned from the fact that

on-low income and female students were much more likely than

heir low income and male counterparts to persist in the more rig-

rous math track? Course grades suggest that, even conditional on

rior test scores, non-low income and female students were out-

erforming their peers in their initial, accelerated math courses.

ne possibility is that such students were more likely to take ad-
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Fig. 7. College readiness percentile, tenth grade PLAN exam. 

Notes: Shown above are students’ mean composite scores on the tenth grade PLAN exam, as a function of their maximum EVAAS score measured prior to seventh grade. 

EVAAS scores have been collapsed to one-point wide bins. Scores are measured in percentiles normed to a national distribution. 
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Fig. 8. Plans to attend four-year college. 

Notes: Shown above is the fraction of students who state on their tenth grade PLAN exam that they plan to attend four-year college, as a function of their maximum EVAAS 

score measured prior to seventh grade. EVAAS scores have been collapsed to one-point wide bins. Those who do not take the PLAN exam are counted as zeroes. 
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Table A.2 

Robustness checks For seventh grade math scores. 

BW = 10 BW = 15 BW = 15 BW = 20 BW = 25 BW = IK 

(1) (2) (3) (4) (5) (6) 

All students 0.056 0.006 −0.038 −0.100 0.152 0.007 

(0.150) (0.152) (0.156) (0.120) (0.152) (0.149) 

Low income −0.124 −0.136 −0.167 −0.248 −0.087 −0.142 

(0.186) (0.182) (0.190) (0.153) (0.193) (0.182) 

Non-low income 0.558 ∗∗ 0.392 ∗∗ 0.382 ∗ 0.190 0.611 ∗∗∗ 0.322 

(0.236) (0.199) (0.204) (0.189) (0.192) (0.200) 

Black/Hispanic 0.082 0.020 0.002 −0.109 0.050 0.049 

(0.169) (0.171) (0.172) (0.148) (0.177) (0.160) 

White/Asian −0.370 −0.117 −0.179 −0.187 0.239 −0.073 

(0.627) (0.371) (0.393) (0.261) (0.324) (0.299) 

Male 0.143 0.072 0.055 −0.135 0.179 0.116 

(0.274) (0.261) (0.260) (0.227) (0.251) (0.245) 

Female −0.055 −0.041 −0.066 −0.074 0.093 −0.023 

(0.158) (0.144) (0.138) (0.135) (0.171) (0.142) 

Controls N N Y N N N 

Quadratic N N N N Y N 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school 
vantage of the additional tutoring services offered by the district.

Another is that these students have the family resources or per-

sonal characteristics that help them manage the increased course

rigor to which the policy exposed them. Yet another, particularly

with regard to females, is that absent a policy such as this, some

students are likely to underestimate their own ability or have

teachers who underestimate their ability to succeed in the ad-

vanced course trajectory. Isolating the reason for such heterogene-

ity might help districts design future policies in such as a way to

maximize the number of students succeeding in the math pipeline.

Third and finally, what effect if any will this relatively early

intervention have on students’ longer-run outcomes, such as col-

lege enrollment, college major, college completion and labor mar-

ket earnings? Research cited in the introduction to this paper sug-

gests that high school math coursework can have a substantial im-

pact on such outcomes. The targeted acceleration rule substantially

increased the proportion of students enrolled in college prepara-

tory math near the end of high school, as well as their college

aspirations. It remains to be seen whether this will translate into

subsequent educational and economic success. 

Appendix 
Table A.1 

Covariate balance. 

BW = 10 BW = 15 BW = 20 BW = 25 

(1) (2) (3) (4) 

Female 0.008 0.033 0.036 0.047 

(0.042) (0.038) (0.038) (0.029) 

Black −0.045 −0.037 −0.030 −0.014 

(0.048) (0.040) (0.040) (0.033) 

Hispanic 0.022 0.020 0.008 −0.006 

(0.031) (0.026) (0.024) (0.022) 

Asian −0.004 0.007 0.007 0.011 

(0.013) (0.009) (0.010) (0.008) 

Low income −0.070 ∗ −0.063 ∗ −0.075 ∗∗ −0.034 

(0.042) (0.034) (0.031) (0.024) 

6th grade start age −0.001 0.003 −0.009 −0.006 

(0.048) (0.042) (0.035) (0.031) 

Special education −0.015 0.015 0.006 0.010 

(0.036) (0.025) (0.024) (0.021) 

Limited English proficiency 0.031 0.028 0.017 0.007 

(0.042) (0.031) (0.026) (0.023) 

Predicted math score 0.009 0.006 0.008 0.004 

(0.007) (0.007) (0.007) (0.006) 

Predicted reading score 0.014 0.011 0.019 0.012 

(0.021) (0.017) (0.016) (0.012) 

N 2102 3333 4806 6,822 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school 

are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). Estimates show the relationship 

between initial eligibility and the listed covariate. The coefficients shown are gen- 

erated by local linear regression using the listed bandwidth and including cohort- 

by-middle school fixed effects. Predicted math and reading scores come from re- 

gressing fifth grade z-scores on demographic controls for those with valid scores 

and using the resulting estimates to generate predicted values for all students in 

the sample. 

are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). Instrumental variables esti- 

mates show the impact of initial math acceleration on seventh grade math scores, 

standardized within year, where acceleration is instrumented with eligibility. The 

coefficients shown are generated by local linear regression using the listed band- 

width and including cohort-by-middle school fixed effects. Column 3 includes de- 

mographic controls. Column 5 includes quadratic terms in the running variable. The 

Imbens–Kalyanaraman optimal bandwidths in each row are 14.9, 10.3, 16.3, 10.4, 

17.5, 14.4 and 16.4. 

Table A.3 

Math course-taking by end of high school. 

(1) (2) (3) 

Geometry Algebra II Pre-calculus 

Ever took course 0.190 0.019 0.104 

(0.133) (0.146) (0.117) 

Mean of the outcome 0.74 0.58 0.38 

Ever passed course 0.143 0.001 0.049 

(0.141) (0.140) (0.111) 

Mean of the outcome 0.68 0.54 0.37 

Ever earned A or B 0.266 ∗ 0.124 0.168 ∗

(0.140) (0.105) (0.089) 

Mean of the outcome 0.24 0.14 0.11 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school 

are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). Instrumental variables estimates 

show the impact of initial math acceleration on ever taking a given math course, 

where acceleration is instrumented with eligibility. The coefficients shown are gen- 

erated by local linear regression using a bandwidth of 15 and including cohort- 

by-middle school fixed effects. Below each coefficient is the mean of the outcome 

variable for students just below the threshold. The sample size in each regression 

is 3,333. 
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Fig. A.1. Distribution of EVAAS scores. 

Notes: Shown above is the fraction of students with a given maximum EVAAS score measured prior to seventh grade. EVAAS scores have been collapsed to one-point wide 

bins. Panel A includes the full sample, with the leftmost bar representing all EVAAS scores less than or equal to 40. Panel B includes the regression discontinuity sample, 

those with scores between 55 and 85. 



158 S.M. Dougherty et al. / Economics of Education Review 58 (2017) 141–161 

0
.
2

.
4

.
6

A
c
c
e

le
r
a

t
e

d
 
in

 
7

t
h

 
g

r
a

d
e

55 70 85

EVAAS

Non-low income

Low income

Fig. A.2. First stage by income. 
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Notes: Shown above is the fraction of male and female students who enrolled in Pre-Algebra by seventh grade, as a function of their maximum EVAAS score measured prior 

to seventh grade. EVAAS scores have been collapsed to one-point wide bins. 

Table A.4 

Robustness checks for precalculus taking. 

BW = 10 BW = 15 BW = 15 BW = 20 BW = 25 BW = IK 

(1) (2) (3) (4) (5) (6) 

All students 0.207 ∗∗ 0.184 ∗∗ 0.138 ∗∗ 0.250 ∗∗∗ 0.214 ∗∗∗ 0.178 ∗∗

(0.091) (0.073) (0.067) (0.074) (0.079) (0.072) 

Low income 0.033 0.055 0.045 0.077 0.019 0.048 

(0.115) (0.103) (0.088) (0.087) (0.104) (0.091) 

Non-low income 0.578 ∗∗∗ 0.433 ∗∗∗ 0.414 ∗∗∗ 0.501 ∗∗ 0.530 ∗∗∗ 0.505 ∗∗

(0.175) (0.153) (0.153) (0.203) (0.204) (0.209) 

Black/Hispanic 0.187 ∗ 0.173 ∗ 0.146 ∗ 0.205 ∗∗ 0.160 0.239 ∗∗∗

(0.099) (0.091) (0.086) (0.084) (0.101) (0.078) 

White/Asian 0.210 0.109 0.041 0.226 0.249 0.162 

(0.345) (0.300) (0.305) (0.229) (0.322) (0.232) 

Male −0.008 0.012 −0.055 0.108 0.118 0.027 

(0.138) (0.096) (0.101) (0.117) (0.120) (0.103) 

Female 0.335 ∗∗ 0.333 ∗∗∗ 0.336 ∗∗∗ 0.334 ∗∗∗ 0.300 ∗∗∗ 0.343 ∗∗∗

(0.132) (0.104) (0.100) (0.095) (0.115) (0.093) 

Controls N N Y N N N 

Quadratic N N N N Y N 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). 

Instrumental variables estimates show the impact of initial math acceleration on taking precalculus by eleventh grade, where acceleration 

is instrumented with eligibility. The coefficients shown are generated by local linear regression using the listed bandwidth and including 

cohort-by-middle school fixed effects. Column 3 includes demographic controls. Column 5 includes quadratic terms in the running variable. 

The Imbens-Kalyanaraman optimal bandwidths in each row are 14.6, 18.0, 20.8, 19.1, 19.4, 14.1 and 20.6. 
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Table A.5 

Robustness checks for PLAN scores and college intentions. 

BW = 10 BW = 15 BW = 15 BW = 20 BW = 25 BW = IK 

(1) (2) (3) (4) (5) (6) 

PLAN Composite 16.154 ∗∗∗ 13.410 ∗∗∗ 13.091 ∗∗ 6.861 17.009 ∗∗∗ 12.468 ∗∗

(4.654) (5.086) (6.475) (5.299) (5.488) (5.532) 

N 1588 2480 2480 3726 5364 2357 

PLAN Math 5.011 7.323 7.798 1.237 8.993 5.261 

(6.745) (5.791) (6.968) (5.517) (6.187) (5.628) 

N 1599 2491 2491 3743 5387 2626 

Took PLAN exam 0.195 0.214 ∗ 0.124 0.098 0.182 0.096 

(0.125) (0.118) (0.128) (0.114) (0.123) (0.113) 

N 2102 3333 3333 4806 6822 5677 

4-Year college plan 0.130 0.202 ∗ 0.251 ∗∗ 0.195 ∗ 0.183 0.176 

(excluding missing) (0.137) (0.120) (0.122) (0.110) (0.138) (0.123) 

N 1602 2494 2494 3748 5398 3363 

4-Year college plan 0.252 ∗ 0.295 ∗∗ 0.288 ∗∗ 0.212 ∗ 0.275 ∗∗ 0.274 ∗∗

(missing = 0) (0.137) (0.135) (0.134) (0.114) (0.127) (0.137) 

N 2102 3333 3333 4806 6822 3691 

Controls N N Y N N N 

Quadratic N N N N Y N 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). 

Instrumental variables estimates show the impact of initial math acceleration on 10th grade PLAN percentile scores, where acceleration 

is instrumented with eligibility. The third row uses an outcome an indicator for taking the PLAN exam. The fourth row excludes those 

who did not take the tenth grade PLAN exam, while the fifth row assumes such students do not plan to attend a four-year college. The 

coefficients shown are generated by local linear regression using the listed bandwidth and including cohort-by-middle school fixed effects. 

Column 3 includes demographic controls. Column 5 includes quadratic terms in the running variable. The Imbens-Kalyanaraman optimal 

bandwidths in each row are 14.2, 14.8, 22.8, 18.1 and 16.4. 

Table A.6 

College readiness scores and enrollment plans. 

(1) (2) (3) (4) (5) 

PLAN PLAN Plans for Plans for Took 

composite math four-year four-year PLAN 

percentile percentile college college exam 

Non-low income 14.727 ∗ 7.641 0.114 0.230 0.153 

(8.678) (8.281) (0.202) (0.223) (0.187) 

Mean of the outcome 36.27 35.37 0.65 0.54 0.83 

N 887 889 889 1,049 1049 

Low income 11.960 9.363 0.373 ∗ 0.331 ∗∗ 0.112 

(9.274) (8.832) (0.205) (0.154) (0.141) 

Mean of the outcome 28.82 28.95 0.59 0.39 0.66 

N 1591 1600 1603 2,271 2271 

White/Asian 4.125 −1.057 0.274 0.290 0.148 

(17.315) (19.104) (0.370) (0.336) (0.267) 

Mean of the outcome 38.25 37.00 0.58 0.47 0.80 

N 777 779 780 989 989 

Black/Hispanic 12.320 ∗∗ 6.930 0.216 0.266 ∗∗ 0.106 

(6.051) (6.012) (0.149) (0.135) (0.114) 

Mean of the outcome 28.13 28.33 0.63 0.42 0.67 

N 1595 1603 1605 2,180 2180 

Female 10.037 −4.247 0.078 0.214 0.243 

(7.896) (8.529) (0.177) (0.227) (0.190) 

Mean of the outcome 33.84 32.55 0.69 0.51 0.73 

N 1344 1350 1351 1,724 1724 

Male 12.340 18.345 ∗ 0.436 ∗∗ 0.362 ∗∗ −0.015 

(10.119) (9.559) (0.202) (0.170) (0.148) 

Mean of the outcome 27.95 29.02 0.52 0.35 0.67 

N 1135 1140 1142 1,592 1592 

Notes: Heteroskedasticity robust standard errors clustered by initial middle school are in parentheses ( ∗ p < .10 ∗∗ p < .05 ∗∗∗ p < .01). 

Instrumental variables estimates show the impact of initial math acceleration on the listed outcome on the tenth grade PLAN exam, where 

acceleration is instrumented with eligibility. The coefficients shown are generated by local linear regression using a bandwidth of 15 and 

including cohort-by-middle school fixed effects. Outcomes in the first two columns are nationally normed percentile scores on the overall 

PLAN exam and its math component. The third column indicates whether a student intends to attend a four-year college, with the sample 

conditional on taking PLAN. The fourth column assigns zeroes for that college indicator to students not taking PLAN. The fifth column 

indicates whether a student took PLAN in tenth grade. Below each coefficient is the mean of the outcome variable for students just below 

the threshold. 
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