Abstract Title Page
Not included in page count.

Title: Updating Algebra for All?: Evidence of a middle-grades math acceleration policy
Authors and Affiliations:

Shaun M. Dougherty, Neag School of Education, University of Connecticut

Joshua Goodman, Harvard University

Darryl Hill, Wake County Public Schools

Erica Litke, Harvard University
Lindsay Page, University of Pittsburgh

SREE Spring 2014 Conference Abstract Template



Abstract Body
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Background / Context:

In the US, mathematics achievement is often regarded as essential for individual
educational and economic success as well as national global competitiveness (Chazan, 2008; The
College Board, 2000). Indeed, recent evidence suggests that increasing the number of years of
mathematics required of students raises earnings, especially among disadvantaged minorities
(Goodman, 2013). Beginning with Sputnik in 1957 and continuing with 4 Nation at Risk (1983)
and more recent reports (see for example, NCES, 2013; National Mathematics Advisory Panel,
2008), policymakers have called for increased proficiency in math as a national imperative
(Gardner, 1983; Tate, 1997). Efforts thus have focused on increasing the amount and rigor of
mathematics course taking, with a particular focus on exposure to algebra (Adelman, 2006). As a
key pre-requisite for a sequence of courses culminating in college-level classes such as calculus
and statistics, Algebra I is considered a critical “gatekeeper” course (Adelman, 2006; Education
Commission of the States, 2008). Research has documented the relationship between algebra
enrollment and a variety of educational and economic outcomes (Adelman, 2006; NCTM, 1989;
Gamoran & Hannigan, 2000; Ham & Walker, 1999, Stein et al, 2011). Yet, much of this research
suffers from selection bias (Stein et al, 2011) and therefore does not support causal claims about
the impact of algebra.

In studies of the impact of universal algebra policies, researchers unsurprisingly find that
such policies increase algebra enrollment (Allensworth, et al, 2009; Burris et al, 2006; Everson
& Dunham, 1996; Stein et al, 2011). Impacts on student achievement, however, are mixed (Stein
et al, 2011). Clotfelter and colleagues (2011) find negative effects of accelerating low-skilled
students into Algebra I in 9™ grade. Ninth grade universal algebra in Chicago negatively
impacted the mathematics achievement of high-skilled students placed in heterogeneous classes
(Nomi, 2012). While the Chicago policy increased overall algebra credit accumulation, it also
increased failure rates across ability groups, and it did not lead to improved standardized test
scores (Allensworth et al, 2009). For low performing students assigned to a “double dose” of
algebra, the policy yielded positive short-term impacts on GPA and standardized test scores
(Nomi & Allensworth, 2009) but also a positive increase in course failure rates. In the longer
term, the double-dose strategy yielded positive effects on ACT performance, high school
graduation, and college entrance (Cortes, Goodman & Nomi, 2012). Thus, there may be promise
for algebra enrollment policies when combined with appropriate support for underprepared
students, although care must be taken with how such policies are implemented (Nomi &
Allensworth, 2013).

In the face of ongoing debates and mixed evidence on universal placement strategies,
practitioners and policymakers have begun to seek alternative, objective mechanisms to advance
students’ mathematics trajectories and to identify policies that might best encourage early and
equitable exposure for students who are prepared. It is therefore important to understand the
benefits and consequences of alternative mathematics course assignment strategies.

Purpose / Objective / Research Question / Focus of Study:

Description of the focus of the research.

SREE Spring 2014 Conference Abstract Template 1



The Wake County Public School System (WCPSS) in North Carolina recently addressed the
issue of advancement in and equitable access to advanced mathematics. Under a recent policy,
WCPSS uses a SAS-generated predicted probabilities of students’ success in obtaining a passing
score on the NC Algebra I End-of-Course (EOC) exam, to determine recommended course
placement in grades 6 through 8. For example, 8" grade students with a 0.70 or higher
probability of passing the Algebra I EOC are recommended for Algebra I. We examine the
question: do students who are just eligible for advancement in mathematics in middle school and
who participate in advanced mathematics lead to improved academic outcomes compared to
students who just miss being eligible for advancement and who do not enroll in advanced
mathematics. By focusing on the students on the margin of eligibility under this policy we use a
regression-discontinuity design to estimate the causal impact of this mathematics acceleration
policy on subsequent test scores, grades, and course-taking behavior of middle-school students in
Wake County who were exposed to this policy.

Setting:

Description of the research location.

We focus on middle school students in WCPSS. WCPSS is the largest school district in North
Carolina and the 15th largest in the nation with over 150,000 students. The district is both
racially and economically diverse. We utilize a longitudinal student information system provided
by WCPSS. This system assigns students unique identifiers that allow the district to follow their
progress from primary school through secondary school. For our purposes, the longitudinal
structure of this data makes this research possible by tracking students from the end of fifth
grade, when they are assigned EVAAS scores that determine whether they will be accelerated in
math, through middle and high school, where many of the most important outcomes of interest
are measured. We can track students as long as they stay within WCPSS, and will explore
whether acceleration affected the rate of attrition from the district. We use data for students who
were in grades six through eight during the academic years 2010-2011 through 2012-2013.

Population / Participants / Subjects:

Description of the participants in the study: who, how many, key features, or characteristics.

Our study includes student who were in the 6™ through 8" grades in the academic years 2010-
2011 through 2012-2013 and were subject to this policy.

Intervention / Program / Practice:
Description of the intervention, program, or practice, including details of administration and duration.

In contrast to blunt algebra-for-all policies, WCPSS sought to increase advanced mathematics
course-taking by ensuring that all students who are prepared to be successful in Algebra I are
enrolled as early as possible in their academic trajectory. Beginning in 2010, WCPSS
implemented a targeted enrollment strategy through which they utilize a numeric criterion
developed by the SAS Institute’s Education Value-Added Assessment System (EVAAS) to
determine student eligibility for placement in advanced math coursework in the middle grades,
including Algebra I in grade 8. We investigate the impact of this policy on student end-of-year
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assessments in mathematics in grades 6, 7, and 8 during the policy’s first two years of
implementation.

Research Design:
Description of the research design.

Students are eligible for advanced mathematics if they have a 0.70 or higher estimated
probability of passing the Algebra I EOC examination, but not all eligible students actually
enroll in the recommended advanced course. These discrepancies between “eligibility” and
“take-up” mean that the probability of a student enrolling in the advanced mathematics course
appropriate for his grade level does not jump sharply from zero to one at the EVAAS probability
threshold of 0.70. As a result, we model the relationship between our outcome and predicted
probability as a “fuzzy” regression discontinuity (Imbens & Lemeiux, 2008; Murnane & Willett,
2011). To do so, we employ a two-stage instrumental-variable analytic approach to estimate the
effect of participating in advanced mathematics on our outcome, Y. Under the “fuzzy” approach,
we first use each student’s position relative to the probability cutoff as an instrument for take up
of the offer of advanced mathematics (ADVANCE). At the first stage, we fit the following model:

[P(ADVANCE;g, )] = ag + a; (CEVAAS);g, + aELIGi,, + a3((CEVAAS) x ELIG)igr +
X'i0; + @g + w; + Sigy,

for student i in cohort g in school r, where ¢ and o represent the fixed effects of cohort and
school, and 0 is a residual. The second-stage model is then:

Yigr = T + 11, (CEVAAS);g; + T, ADVANCE;; + T3 (CEVAAS) X ADVANCE; 5+
X'i0 + @g + wy + Sigy,

where Yig, represents a generic outcome. Because the second-stage predictor ADVANCE; g, is
potentially endogenous, we replace it at the second stage with its fitted values from the first-stage
equation. The parameter of interest is T,, the population causal effect of participating in
advanced mathematics in middle school for students who are just eligible to participate
compared to those who just missed eligibility. We interpret positive (negative) and statistically
significant estimates of T, as an indication that enrollment in an advanced mathematics course
impacted students’ outcomes positively (negatively); we interpret a zero estimate as an indication
that enrollment in an advanced course had negligible impact on students’ outcomes.

We perform all regression-discontinuity analyses within a local-linear regression framework in
conjunction with an optimal choice of bandwidth (Imbens and Lemieux, 2008). We choose an
optimal bandwidth by employing an automated procedure consistent with Imbens &
Kalyanaraman (2012), which uses a triangular kernel. By taking this approach to choosing
optimal bandwidth and by modeling the relationship between the outcome and forcing variable
as locally linear, we address issues of bandwidth and functional form in ways that are consistent
with the literature.
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Data Collection and Analysis:
Description of the methods for collecting and analyzing data.

We rely entirely on longitudinal administrative data from the WCPSS school system from the
academic years 2010-2011 through 2012-2013 inclusive. These data include student
demographics, school and course enrollment, course grades, and state standardized test scores
from grades five through high school. The design of the acceleration policy is such that we
employ a regression-discontinuity design to isolate the causal effect of the policy on students
who were just eligible and enrolled in accelerated mathematics compared to those who just
missed being eligible and did not participate. This is the local average treatment effect, or the
effect of the policy on policy compliers.

Findings / Results:
Description of the main findings with specific details.

Our analyses yield evidence of a significant, negative impact of assignment to advanced
mathematics on student end-of-grade mathematics scores in the first two years of implementation
(see Table 2). In particular, students of color and 6" graders seem to bear the majority of the
adverse impact (see Table 2). Though the sign and magnitude of the effects are relatively stable,
the statistical significance differs somewhat by choice of bandwidth. Results from our first-stage
analysis indicate strong adherence to the policy’s rule for assigning students to these advanced
courses (see Figure Al and Table A1), and we find no evidence that the effects are
heterogeneous by gender or race. These findings are consistent with earlier work from Clotfelter,
Ladd, and Vigdor (2011) and Nomi (2012) who also find a negative impact of similar policies.

Conclusions:
Description of conclusions, recommendations, and limitations based on findings.

Our current conclusions are that students on the margin of eligibility and who participate in
advanced mathematics in middle school may experience negative effects as a result of being in a
peer group of more advanced ability, on average. We hypothesize that the negative effects may
transfer as a result of a suboptimal match of ability or through negative psychological impacts of
perceiving oneself as less able than your peers. That these effects are experienced
disproportionately by groups that are historically less well represented in advanced mathematics
classrooms is consistent with prior work. Further analyses will investigate additional outcomes,
and investigate potential mechanisms for the negative impact of the policy, such as teacher
quality and classroom peer effects, at the margin of assignment.

SREE Spring 2014 Conference Abstract Template 4



Appendices
Not included in page count.

Appendix A. References

References are to be in APA version 6 format.

Adelman, C. (20006). The toolbox revisited: Paths to degree completion from high school though
college. Washington, DC: United States Department of Education.

Allensworth, E., Nomi, T., & Montgomery, N. (2009). College preparatory curriculum for all:
Academic consequences of requiring Algebra and English I for ninth graders in Chicago.
Educational Evaluation and Policy Analysis, 31(4), 367-391. doi: 10.3102/01623737093434

Balfanz, R., Herzog, L., Mac Iver, D. (2007). Preventing student disengagement and keeping
students on the graduation path in urban middle-grades schools: Early identification and
effective interventions. Educational Psychologist, 42(4), 223-235.

Bitter, C. & O’Day, J. (2010). Raising expectations for mathematics instruction in California:
Algebra and beyond. Policy and Practice Brief. CA: California Collaborative on District
Reform.

Burris, C., Heubert, J. P., & Levin, H. M. (2006). Accelerating mathematics achievement using
heterogeneous grouping. American Educational Research Journal, 43(1), 105-136. doi:
10.3102/00028312043001105

Chazan, D. (2008). The shifting landscape of school Algebra in the United States. In C.E.
Greenes and R. Rubenstein (Eds.). Algebra and algebraic thinking in school mathematics:
Seventieth Yearbook. Reston, VA: National Council of Teachers of Mathematics (pp. 19 —
33).

Clotfelter, C., Ladd, H., & Vigdor, J. (2011). Is Algebra the gateway to college readiness? The
impact of math curriculum acceleration in secondary schools. Unpublished paper presented at
Association for Public Policy Analysis and Management Conference, Washington, DC.

The College Board (2000). Equity 2000: A systemic education reform model. A summary report,
1990-2000. Washington, DC. Retreived from
www.collegeboard.com/prod.../equity/EquityHistoricalReport.pdf

Cortes, K., Goodman, J., & Nomi, T. (2012). Doubling up: The long run impacts of remedial
algebra on high school graduation and college enrollment. Working Paper presented at
Association for Education Finance and Policy Annual Conference.

Education Commission of the States (1998). Equity 2000. Denver, CO. Retrieved from
http://www.ecs.org/html/Document.asp?chouseid=1510

Everson, H.T., & Dunham, M.D. (1996). Signs of success — Equity 2000[R]: Preliminary
evidence of effectiveness. New York, NY: The College Board.

SREE Spring 2014 Conference Abstract Template A-1



Gamoran, A., & Hannigan, E. (2000). Algebra for all? Benefits of college-preparatory
mathematics for students with diverse abilities in early secondary school. Educational
Evaluation and Policy Analysis, 22(3), 241-254.

Gardner, D. (1983). 4 nation at risk: The imperative for educational reform. Report of the
National Commission on Excellence in Education. Washington, DC: Government
Printing Office.

Gersten, R., Beckmann, S., Clarke, B., Foegen, A., Marsh, L., Star, J., & Witzel, B. (2009).
Assisting students struggling with mathematics: Response to intervention (Rtl) for
elementary and middle schools. (NCEE 2009-4060). Washington, DC: National Center
for Education Evaluation and Regional Assistance, Institute for Education Sciences, U.S.
Department of Education. Retrieved from http://ncer.edu.gov

Goodman, J. (2009). The labor of division: Returns to compulsory math coursework. Working
Paper, Harvard Kennedy School of Government.

Halpern, D., Aronson, J., Reimer, N., Simpkins, S., Star, J.R.,, & Wentzel, K. (2007).
Encouraging girls in math and science. (NCER 2007-2003). Washington, DC: National
Center for Education Research Institute for Education Sciences, U.S. Department of
Education. Retrieved from http://ncer.edu.gov

Ham, S., & Walker, E. (1999). Getting to the right Algebra: The Equity 2000 initiative in
Milwaukee public schools. Manpower Demonstration and Research Corporation.
Retrieved from www.mdrc.org/publications

Imbens, G. & Kalyanaraman, K. (2009). Optimal bandwidth choice for the regression
discontinuity estimator. NBER Working Paper 14726. Retrieved from
http://www.nber.org/papers/w14726

Imbens, G. & Lemieux, T. (2008). Regression discontinuity designs: A guide to practice. Journal
of Econometrics, 142(2), 615-635.

Ladson-Billings, G. (1997). It doesn’t add up: African-American students’ mathematics
achievement. Journal for Research in Mathematics Education, 28(6), 697-708.

Loveless, T. (2008). The misplaced math student: Lost in eighth grade Algebra. Washington,
DC: Brown Center on Education Policy, Brookings Institution.

McCrary, J. R. (2008). Manipulation of the running variable in the regression discontinuity
design: A density test. Journal of Econometrics, 142(2), 648-714.

Moses, R. P. & Cobb, C. E. J. (2001). Radical equations: Organizing math literacy in America's
schools. Boston, MA: Beacon Press.

SREE Spring 2014 Conference Abstract Template A-2



Murnane, R., & Willett, J. (2011). Methods matter: Improving causal inference in education and
social science research. New York: Oxford University Press.

National Council for Teachers of Mathematics (1989). Curriculum and evaluation standards for
school mathematics. Reston, VA: NCTM.

Nomi, T. (2012). The unintended consequences of an Algebra-for-all policy on high-skill
students: Effects on instructional organization and students’ academic outcomes.
Educational Evaluation and Policy Analysis, published online on July 31, 2012. doi:
10.3102/0162373712453869

Nomi, T. & Allensworth, E. (2009). Double does Algebra as an alternative strategy to
remediation: Effects on students’ academic outcomes. Journal of Research on
Educational Effectiveness, 2(2), 111-148.

Oakes, J. (1990). Multiplying inequalities: The effects of race, class, and tracking on
opportunities to learn mathematics and science. Santa Monica, CA: Rand Corporation.

Rickles, J. (2011). Constructing counterfactuals in a multisite observational study using
propensity score matching and multilevel modeling: An empirical example looking at the
effect of 8th grade algebra across students and schools. Evanston, IL: Society for
Research on Educational Effectiveness.

Rockoff, J. (2004). The impact of individual teachers on student achievement: Evidence from
panel data. American Economic Review, 94(2), 247-252.

Schlotter, Schwerdt, & Woessmann, (2011). Econometric methods for causal evaluation of
education policies and practices: a non-technical guide. Education Economics, 19(2),

109-137. doi:10.1080/09645292.2010.511821

Schneider, M. (2009). Math in American high schools: The delusion of rigor. Washington, DC:
American Enterprise Institute for Public Policy Research, AEI Outlook Series. Retrieved
from http://www.aei.org/article/education/k-12/math-in-american-high-schools/

Schochet, P. (2009). Statistical power for regression discontinuity designs in education
evaluations. Journal of Educational and Behavioral Statistics, 34(2), 238-266.

Schochet, P., Cook, T., Deke, J., Imbens, G., Lockwood, J.R., Porter, J., Smith, J. (2010).
Standards for regression discontinuity designs. Retrieved from What Works
Clearinghouse website: http://ies.ed.gov/ncee/wwc/pdf/wwc_rd.pdf.

Silver, E. (1995). Rethinking “Algebra for all.” Educational Leadership, 52(6), 30-33.

Stein, M.K., Kaufman, J., Sherman, M., & Hillen, A. (2011). Algebra: A challenge at the
crossroads of policy and practice. Review of Educational Research, 81(4), 453-492.

SREE Spring 2014 Conference Abstract Template A-3



Stake, R.E. (1995). The art of case study research. Thousand Oaks, CA: Sage Publications.

Stock, J., Wright, J., & Yogo, M. (2002). A survey of weak instruments and weak identification
in generalized method of moments. Journal of Business and Economic Statistics, 20(4),
518-529.

Stone, C. (1998). Leveling the playing field: An urban school system examines equity in access
to mathematics curriculum. Urban Review, 30, 295-307.

Tate, W.F. (1997). Race-ethnicity, SES, gender and language proficiency trends in mathematics:
An update. Journal for Research in Mathematics Education, 28(6), 652-679.

Woodward, J., Beckman, S., Driscoll, M., Franke, M.L., Herzig, P., Jitendra, A.K., Koedinger,
K., & Ogbuehi, P. (2012). Improving mathematical problem solving in grades 4 through
8. IES Practice Guide. (NCEE 2012-4055). Washington, DC: National Center for
Education Evaluation and Regional Assistance, Institute for Education Sciences, U.S.
Department of Education.

SREE Spring 2014 Conference Abstract Template A-4



Appendix B. Tables and Figures

Not included in page count.

Figure A1l. Probability of enrollment in an advanced mathematics by EVAAS probability,
all grades.
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Table Al. First-stage Estimates

(1) (2) 3) 4

Grades 6-8 Grade 6 Grade 7 Grade 8
IK bandwidth 0.254** 0.416*** 0.228** 0.117
(0.056) (0.101) (0.103) (0.121)
F 20.3 17.1 49 0.9
N 925 251 333 334
Bandwidth=5 0.244** 0.260*** 0.261*** 0.191**
(0.051) (0.070) (0.077) (0.090)
F 233 13.7 114 45
N 1,734 638 556 540
Bandwidth = 10 0.193*** 0.165** 0.220*** 0.199***
(0.044) (0.067) (0.064) (0.068)
F 19.3 6.0 12.0 8.6
N 3,564 1,346 1,123 1,095
Bandwidth = 20 0.191*** 0.143** 0.197*** 0.248***
(0.036) (0.055) (0.057) (0.050)
F 28.6 6.8 121 244
N 8,096 3,092 2,610 2,394
Bandwidth = 20, controls 0.182*** 0.142*** 0.184*** 0.266***
(0.037) (0.050) (0.054) (0.048)
F 23.7 7.9 11.7 30.7
N 8,096 3,092 2,610 2,394

Notes: Heteroskedasticity robust standard errors clustered by middle school are in parentheses (* p<.10** p<.05***
p<.01). Each row shows first stage estimates of the impact of eligibility for advanced coursework on the probability
of enrollment in an advanced course. The coefficients shown are generated by local linear regression using an edge
kemel with the listed bandwidth. No additional controls are included except in the final row, which conditions on
gender, race, LEP and disability status, prior math and reading score, grade level and middle school fixed effects.
Below each coefficient is the F-statistic associated with the excluded instrument.
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Table A2. Instrumental-variable estimates including heterogeneity of effect by race and

gender. -
(1) (2) 3) (4)
Math score, Math score, Math score, Math score,
grades 6-8 grade 6 grade 7 grade 8
All students -0.292** -0.582* 0.043 -0.286"
(0.130) (0.325) (0.207) (0.162)
N 7,844 2,991 2,521 2,332
Female -0.355** -0.989** 0.226 -0.263
(0.155) (0.491) (0.241) (0.227)
N 4,095 1,574 1,334 1,187
Male -0.275 -0.190 -0.180 -0.388
(0.227) (0.479) (0.302) (0.305)
N 3,749 1417 1,187 1,145
Black or Hispanic -0.402* -0.639 -0.015 -0.431**
(0.205) (0.391) (0.230) (0.200)
N 4,135 1,567 1,361 1,207
White or Asian -0.171 -0.486 0.194 -0.202
(0.167) (0.498) (0.401) (0.220)
N 3,709 1424 1,160 1,125

Notes: Heteroskedasticity robust standard errors clustered by middle school are in parentheses (* p<.10 ** p<.05
*** p<.01). Each row shows instrumental variables estimates for the listed sub-group of the impact of advanced
coursework on end of grade math scores. The coefficients shown are generated by local linear regression using an
edge kernel with a bandwidth of 20. All regressions condition on gender, race, LEP and disability status, prior math
and reading score, grade level and middle school fixed effects.
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