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M ost students in the United States do not meet national perfor-
mance standards in math by the time they leave high school. Only
24 percent of twelfth-graders met (or exceeded) National Assessment of
Education Progress math standards during the most recent assessment
in 2019, and high school math scores on the most recent Programme for
International Student Assessment in 2022 were among the lowest ever
recorded for U.S. students.! This fact is concerning since high school math
performance has a strong association with students’ academic and pro-
fessional success. Students who perform well in math are more likely to
graduate from high school within four years, enroll in postsecondary edu-
cation, and earn higher wages once they join the labor market.2 It is there-
fore crucial to understand how to improve high school math performance,
especially for students who enter high school performing below grade-
level standards.

There is compelling evidence that high schools can improve students’
math performance. Previous research indicates that many high schools
that have been successful in raising students’ math performance did not
focus solely on math. These schools were generally district schools that
underwent comprehensive reform or charter schools that implemented a m | C
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multifaceted approach to strengthening students’ academics and overall well-being. The schools
emphasized fostering personal connections between students and staff members, increasing the
amount of time dedicated to academics, having rigorous academic expectations, and partnering
with outside intermediary organizations to receive administrative or programmatic support.® Such
schools have had positive effects on students’ math performance, with many students taking and
passing more math courses, taking and passing more Advanced Placement math tests, or earning
higher scores on state math assessments.*

Though these schools improved students’ math performance on average, gains may not have been
distributed evenly across all types of students, especially among those who struggled with math
in previous years. This is vital information for education reformers because students enter high
school with a wide range of math proficiency. According to 2022 data from the National Assess-
ment of Educational Progress, 7 percent of eighth-graders have advanced math proficiency, 20 per-
cent are proficient, 35 percent only have partial proficiency, and 38 percent have below basic math
skills.® Bringing underperforming students up to grade-level standards will likely require different
amounts and types of support than what is needed to improve the math skills of already-proficient
students. Research has shown that math-proficient eighth-graders are more likely to take advanced
math courses in high school, therefore deriving greater benefit from their high schools’ math offer-
ings than their less math-proficient peers.® In addition, many students who are not proficient in
math have negative emotions around the subject and are reluctant to ask for assistance, which may
affect their ability to benefit from the support they do receive.”

Though few large-scale evaluations of high school interventions have explored the differences
in math outcomes among students with varying levels of math proficiency before entering high
school, the evaluations that did explore such outcomes have found telling differences. Studies of
Early College High Schools (ECHS), which are specialized high schools that offer opportunities to
earn college credits and provide various other support services, found that although there were
greater increases in the rates of taking and passing college preparatory math courses among
ECHS students with lower math proficiency, only ECHS students with higher math proficiency saw
a greater increase in their rates of college degree attainment.®2 Research on double-dose Algebra,
a policy which requires ninth-graders with less than median math proficiency to enroll in two peri-
ods of Algebra, found that while the policy improved math test scores for students scoring near
the median, there was less benefit for students who entered high school with very low math profi-
ciency.® These findings indicate that more information is needed to understand how to effectively
support students entering high school at all levels of math proficiency.

This brief presents the findings of a study that examined how students’ eighth-grade math profi-
ciency affects their math performance in high school and their ability to benefit from the range of
additional support services provided by reformed New York City high schools. Specifically, between
2002 and 2008, NYC Public Schools (NYCPS) closed many large, underperforming high schools,
and replaced them with over 100 small high schools to serve students in the lowest-income areas
of the city. Since these schools accepted students of all academic abilities, were located mainly in
disadvantaged communities, and therefore represented a realistic small school option for many
students who did not previously have one, researchers called them Small Schools of Choice (SSCs).
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Previous lottery-based MDRC studies found that enrolling in an SSC increased students’ chances
of graduating from high school within four years, enrolling in postsecondary education programs,
and earning four-year postsecondary degrees.' While SSCs were not required to have a specific
focus on math, they shared many characteristics with schools that had successfully raised math
performance. The SSCs emphasized personalized student-staff member relationships, had rigor-
ous academic expectations, and partnered with outside intermediary organizations that provided
programmatic or administrative assistance.

In this context, this brief aims to answer two research questions:

1. For students entering NYCPS high schools from 2005 to 2008, how did eighth-grade math pro-
ficiency relate to their high school math performance?

2. Focusing specifically on the SSC reform effort, how did SSCs affect students’ math perfor-
mance, and did that differ by eighth-grade math proficiency level?

The study team addressed the first research question by tracking eighth-grade math proficiency
and high school math performance among students who did not enroll in an SSC. These students
instead enrolled in various other NYCPS options. While this question has been discussed at points in
the literature, it is explored here with a specific focus on student subgroups and key NYCPS math
performance metrics, providing relevant information and setting the stage for the analysis of SSC
effects. The second research question is then addressed by drawing on MDRC'’s previously analyzed
SSC lottery sample and comparing non-SSC students’ math performance with that of SSC enroll-
ees." The main findings include:

® Students demonstrated similar levels of math ability in high school as they had in the eighth
grade; most students who were already proficient continued to succeed, and most students who

were not proficient continued to struggle.

® The greater a student’s math proficiency upon entering high school, the more that SSCs boosted
the student’s math performance.

Key Study Information

The study’s main outcomes, student sample, and subgroups are summarized below.

High School Math Performance

In order to graduate from high school with a Regents diploma, the standard diploma in New York
State, students must pass a specified set of multisubject state exams — called Regents Exams —
and earn a specified set of core course credits. Regents exams that meet the math portion of the
graduation requirement include Math A, Math B, Algebra, Geometry, and Algebra I.”> Six of the
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required core course credits must be from math classes; this usually takes students six semesters,
or three years, to complete.'®

Mirroring these requirements, this study uses these two metrics to measure math performance:
® Passing at least one math Regents exam with a score of 65 or higher

® Earning at least six high school math course credits

Student Sample and Analysis

This study includes approximately 19,000 students who participated in the New York City High
School Application Processing System lottery and were randomly assigned the opportunity to
enroll in an SSC (or a non-SSC). The first research question draws on the approximately 11,000
students who “lost” the lottery and did not have the opportunity to enroll in an SSC, called “non-
SSC enrollees,” to show math performance patterns in schools conducting business as usual. The
second research question estimates SSCs’ effects on math performance by comparing students
who “won” the opportunity to enroll in an SSC and enrolled (also called “SSC enrollees”) with the
non-SSC enrollees examined in the previous section. This analytical approach is described in detail
in an earlier MDRC evaluation of SSCs."

Eighth-Grade Math Proficiency Subgroups

The New York State Department of Education uses eighth-grade math assessment scores to deter-
mine students’ eighth-grade math proficiency levels. The four levels are: not proficient (level 1), par-
tially proficient (level 2), proficient (level 3), and advanced proficiency (level 4).'® This study uses the
same proficiency level categorization, and includes approximately 3,500 students who are not pro-
ficient, 9,000 students who are partially proficient, and 6,000 students who are proficient. Students
with advanced proficiency were not included in the analyses due to the small number of students
(approximately 400) at this proficiency level in the study sample.

How Did Students’ Eighth-Grade Math Proficiency Relate to
Their High School Math Performance?

This study found that in general, if students attended high schools that did not participate in com-
prehensive reform (non-SSCs), their high school math performance appeared to reflect their level
of math proficiency in the eighth grade. Students who were already proficient in math had the most
success in meeting math-related graduation requirements, students who were partially proficient
in math had some success, and students who were not proficient had the least success. This finding
applies to both passing a math Regents exam and earning the requisite number of math credits.
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The higher a student’s eighth-grade math proficiency level, the more likely the student was to
meet the math requirements for high school graduation.

High school math success was measured with respect to (a) meeting the math Regents exam
requirement, (b) meeting the math credit requirement, and (c) meeting both math requirements.
Figure 1 shows that for all three measures, the greater a student’s eighth-grade math proficiency
level, the more likely the student was to meet each of these requirements. It is worth noting that of
the students who entered high school not proficient and partially proficient in math, markedly fewer
of them met the math Regents requirement than met the math credit requirement. This indicates
that the math Regents requirement was the greater barrier to high school graduation for these stu-
dents. There was no such difference for students in the sample that entered high school proficient
in math.

Figure 1. Percentage of Students Who Met Math Regents and Credit Requirements for High
School Graduation by Year 4, by Eighth-Grade Math Proficiency Level
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SOURCE: Authors’ calculations based on student records from New York City Public Schools.
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The higher a student’s eighth-grade math proficiency level, the more likely the student was to
take and pass a math regents exam.

Figure 2 illustrates the percentage of students who attempted a math Regents exam and the per-
centage of students who passed a math Regents exam, by proficiency subgroup. As shown in
the figure, students with higher levels of eighth-grade math proficiency were more likely both to
attempt and to pass a math Regents exam. Furthermore, among students who took a math Regents
exam, students with higher levels of eighth-grade math proficiency had higher pass rates. Nearly all
proficient students who took a math Regents exam received a passing score, but only about half of
the students who took the exam and were not proficient were able to do the same.

Figure 2. Percentage of Students Who Attempted and Met the Math Regents
Requirement, by Eighth-Grade Math Proficiency Level
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SOURCE: Authors’ calculations based on student records from New York City Public Schools.

Students who were partially or not proficient in eighth-grade math were also more likely to need
more tries to pass their first math Regents exam; 14 percent of students at both these levels needed
at least three tries to pass. In addition, many —8 percent of partially proficient students and 16
percent of not proficient students —never passed even after three or more attempts. This further
indicates that the math Regents exam was a substantial barrier to graduation for students entering
high school with below grade-level math proficiency.
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The higher a student’s proficiency level, the more math credits the student earned on average.

Students needed to earn six math credits, the approximate equivalent of passing three years of
math courses, to graduate from high school with a Regents diploma.'® As shown in Figure 3, students
of all proficiency levels attempted to earn an average of roughly eight math credits, the approxi-
mate equivalent of four years of math. However, students at higher eighth-grade math proficiency
levels were more likely to pass their math courses; proficient students earned about 6.5 credits
on average, partially proficient students earned 5.4 credits, and students who were not proficient
earned 4.3 credits. This means that despite taking four years of math classes, the average student
who entered high school not proficient in math was still one year short of meeting the math credit
requirement for high school graduation.

Figure 3. Average Number of Math Credits Attempted and Earned, by Eighth-Grade
Math Proficiency Level
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SOURCE: Authors’ calculations based on student records from New York City Public Schools.

Overall, eighth-grade math proficiency played a large role in students’ high school math
performance.

For students who attended non-SSC high schools, eighth-grade math proficiency was a strong pre-
dictor of high school math performance. Students who entered high school with higher levels of
math proficiency were more likely to take a math Regents exam, pass a math Regents exam, and
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earn enough math credits to graduate from high school with a Regents diploma. Moreover, among
students who entered high school with below grade-level math proficiency, less than half met both
the math requirements needed to earn a Regents diploma. This indicates that in many high schools,
students with lower levels of math proficiency need additional support to achieve math success.

How Did SSCs Affect Students’ Math Performance, and Did That
Differ by Eighth-Grade Math Proficiency Level?

Education reformers working to break the cycle documented above — students leaving high school
with similar math proficiency as when they entered —seek evidence on how large-scale reform
efforts either disrupt or maintain these patterns. To this end, the second research question unpacks
the effects of New York City’s SSC initiative and explores whether students who entered SSCs per-
forming at different proficiency levels experienced different effects.

Overall, SSCs increased the proportion of students meeting both the math Regents and math credit
graduation requirements by 5 percentage points. SSCs had the strongest effects on math perfor-
mance among proficient students, moderate effects among partially proficient students, and no
effects among students who were not proficient. This applied both to meeting the math Regents
requirement (by passing at least one math Regents exam) and meeting the math credit requirement
(by earning at least six math credits).

SSC effects on students’ math performance were calculated using a two-stage least squares
regression, the same analytic approach employed in previous MDRC evaluations of SSCs."” This
approach estimates the effect of enrolling in an SSC for students who “won” the NYCPS high school
lottery, compared with students who “lost” the lottery and were not given the opportunity to enroll.
Math performance in the previous section was calculated using simple averages. Due to this, there
are slight differences in results between the two sections for the non-SSC students.

The higher a student’s eighth-grade math proficiency level, the more the student’s high school
math performance benefitted from enrolling in an SSC.

SSCs had a positive effect on math performance among proficient and partially proficient stu-
dents, but not among students who were not proficient in math. As shown in Table 1, SSC enroll-
ment increased proficient students’ likelihood of meeting both math requirements by 11 percentage
points. This increase was largely driven by SSCs’ effectiveness in helping proficient students meet
the math credits requirement; proficient SSC enrollees were 12 percentage points more likely to
meet this requirement than their non-SSC counterparts. SSC enrollment also increased the rate
of partially proficient students meeting both math requirements by 7 percentage points. SSCs did
not have any effect on meeting math-related graduation requirements for students who were not
proficient in math.
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Table 1. SSC Effects on Meeting Math Regents and Credit Graduation Requirements by
Year 4, by Eighth-Grade Math Proficiency Level

SSC Non-SSC Estimated P-Value for
Math Proficiency Level Enrollees Enrollees Effect Estimated Effect
Not proficient
Met Regents requirement (%) 29.17 29.47 -0.31 0.925
Met credit requirement (%) 40.85 40.69 0.16 0.964
Met both requirements (%) 23.01 26.84 -3.83 0.206
Number of students 1,248 2,264
Partially proficient
Met Regents requirement (%) 59.70 54.47 5.24 * 0.018
Met credit requirement (%) 61.88 54.63 7.25 * 0.001
Met both requirements (%) 51.52 44.37 7.15 * 0.001
Number of students 3,861 5,418
Proficient
Met Regents requirement (%) 81.77 75.42 6.35 * 0.002
Met credit requirement (%) 82.41 69.92 12.49 * 0.000
Met both requirements (%) 76.20 65.62 10.58 * 0.000
Number of students 3,066 2,984

SOURCE: Authors’ calculations based on student records from New York City Public Schools.

NOTES: SSC stands for Small Schools of Choice. Rounding may cause slight discrepancies in differences.
*indicates the estimated difference is statistically significant at the 0.05 level with a two-tailed t-test.

SSCs increased math regents pass rates for some subgroups; SSCs increased attempt rates
among proficient students only.

Figure 4 presents the percentage of students attempting (dark blue bar) and passing (light blue
bar) the math Regents exam requirement by entering proficiency level. The brackets between SSC
enrollees and non-SSC enrollees indicate the estimated SSC enrollment effect, and the stars on
this estimated effect indicate its statistical significance. As sample sizes vary across student sub-
groups, it is important to note both the pattern of differences as well as statistical significance.
As shown in the figure, SSCs increased the rate of proficient students attempting a math Regents
exam by 6 percentage points. Since almost all proficient students who took a math Regents exam
earned a passing score, increasing their attempt rate effectively also increased their pass rate by
6 percentage points. SSC enrollment may have had a smaller effect on math Regents attempts for
both partially proficient and not proficient students, but these differences were not statistically
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Figure 4. Percentage of Students Who Attempted and Passed a Math Regents Exam, by
Eighth-Grade Math Proficiency Level
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NOTES: SSC stands for Small Schools of Choice. The estimated difference of significant results are indicated
by brackets. Rounding may cause slight discrepancies in differences. * indicates the estimated difference is
statistically significant at the 0.05 level with a two-tailed t-test.

significant. However, SSC enrollment did increase pass rates among partially proficient students
by 5 percentage points. This may indicate that SSCs were more effective at improving math ability
among partially proficient students than non-SSCs.

Proficient SSC enrollees were more likely to pass the math regents exam on their first try than
their non-SSC counterparts.

As shown in Figure 5, SSCs increased the proportion of proficient students who passed a math
Regents exam on their first attempt by 5 percentage points. SSCs did not have any impact on the
proportion of not proficient and partially proficient students passing a math Regents exam on their
first attempt. SSCs and non-SSCs had similar rates of students needing to take math Regents exams
three or more times across all proficiency levels (not shown in Figure 5).
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Figure 5. Percentage of Students Who Met the Math Regents Graduation Requirement on
Their First Attempt, by Eighth-Grade Math Proficiency Level

100 ~

5.4*
74.0
2 75 68.5
c
(]
°
2
ks
(]
(o)
©
=
S
o
[a

SSC Non-SSC SSC Non-SSC SSC Non-SSC
enrollees enrollees enrollees enrollees enrollees enrollees
Not proficient Partially proficient Proficient

Eighth-grade math proficiency level
SOURCE: Authors’ calculations based on student records from New York City Public Schools.

NOTES: SSC stands for Small Schools of Choice. The sample includes students who did not attempt a math
Regents exam. The estimated differences of significant results are indicated by brackets. Rounding may cause
slight discrepancies in differences. * indicates the estimated difference is statistically significant at the 0.05 level
with a two-tailed t-test.

The higher a student’s proficiency level, the more the student’s math course performance ben-
efitted from SSCs.

SSC enrollment did not affect the number of math credits attempted, though SSC proficient and
partially proficient students earned more math credits on average than non-SSC enrollees. As shown
in Figure 6, proficient SSC enrollees earned 0.8 more credits than their non-SSC counterparts on
average, and partially proficient SSC enrollees earned 0.3 more credits. SSC enrollment did not
have any impact on the average number of credits earned by students who were not proficient.
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Figure 6. Average Number of Math Credits Attempted and Earned, by Eighth-Grade Math
Proficiency Level
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NOTES: SSC stands for Small Schools of Choice. The estimated differences of significant results are indicated
by brackets. Rounding may cause slight discrepancies in differences. * indicates the estimated difference is
statistically significant at the 0.05 level with a two-tailed t-test.

Conclusions

Among non-SSC students, the ability to meet grade-level math standards did not typically change
in high school. SSCs had some effects on students’ math performance; the stronger a student was
in math upon entering high school, the more that SSC enrollment positively affected the student’s
math performance. The findings suggest that all schools had trouble helping students who were
not proficient to catch up, and another, more targeted intervention is needed for such students.

More work must be done on how to improve math performance among students who are not
proficient in math.

Information is limited on high school math interventions that improved math performance among
students who were not proficient in math when they entered high school. Though there are sev-
eral interventions that have raised math performance among participating students as a whole, the
impacts may have been driven primarily by students who already had at least partial proficiency in
math, as is seen in SSCs. One avenue for further exploration could be to examine the differences
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between SSCs and ECHSs, as the latter do appear to improve math performance among students
with the lowest levels of math proficiency.”® Another approach would be to research methods for
improving math achievement among younger students, so they enter high school with at least par-
tial proficiency and are able to take advantage of the support services that high schools like SSCs
have to offer.

In furtherance of the second approach, the study team plans to examine study students’ elemen-
tary and middle school exam scores and compare them with their high school math performance
in future work. The team hopes these math achievement trajectories will help education reformers
identify the years when students need the most support and target interventions accordingly.
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