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One of the most controversial educational 
practices among American public schools is 
the use of ability-tracking of students. Over the 
years, tracking has received harsh criticism. In 
fact, policymakers have launched initiatives 
to discourage tracking across the nation, and 
started recommending districts place students 
with different ability levels in the same class-
rooms (Wheelock 1992). Opponents argue 
that tracking not only fails to benefit students, 
but in racially integrated schools, low-track 
classes have an overrepresentation of minority 
students. Supporters of the gifted and talented 
programs maintain that heterogeneous classes 
inhibit bright students from learning, and that 
bright students only languish in mixed ability 
classes.

To date, the research on tracking has been quite 
mixed and inconclusive (see, for example, Betts 
and Shkolnik 2000; Figlio and Page 2002; Clark 

POLICY INTERVENTIONS AND EDUCATIONAL OUTCOMES ‡

Ability-Tracking, Instructional Time, and Better Pedagogy: 
The Effect of Double-Dose Algebra on Student Achievement†

By Kalena E. Cortes and Joshua S. Goodman*

‡Discussants: Monica Deza, University of Texas-Dallas; 
Damon Jones, University of Chicago; Juan Carlos Suárez 
Serrato, Stanford University; Omari Swinton, Howard 
University.

* Cortes: Texas  A&M University, 4220 TAMU, 1049 
Allen Building, College Station, TX 77843 (e-mail: kcortes@
tamu.edu); Goodman: Harvard University, Taubman 354, 
79 John F. Kennedy St., Cambridge, MA 02138 (e-mail: 
joshua_goodman@hks.harvard.edu). This research was 
conducted while Cortes was a Visiting Scholar at Stanford’s 
Graduate School of Education, Center for Education 
Policy Analysis, 2013–2014; kcortes@stanford.edu. This 
research was funded by the United States Department 
of Education, the Institute of Education Sciences under 
award R305A120466. Institutional support from Texas 
A&M University, Stanford’s Center for Education Policy 
Analysis, and Harvard’s Taubman Center for State and Local 
Government are also gratefully acknowledged.

† Go to http://dx.doi.org/10.1257/aer.104.5.400 to visit 
the article page for additional materials and author disclo-
sure statement(s).

2010).1 Recent papers on elite exam schools 
in the United States (Abdulkadiroglu, Angrist, 
and Pathak 2011; Dobbie and Fryer 2011) and 
Kenya (Lucas and Mbiti forthcoming), as well 
as gifted and talented programs (Bui, Craig, 
and Imberman 2011), all find surprisingly few 
positive impacts of being exposed to a very dif-
ferent set of peers generated by discontinuities 
in admissions processes. The few exceptions 
to this literature are studies by Duflo, Dupas, 
and Kremer (2011), who find that tracking ben-
efits both lower- and higher-ability students in 
Kenya; and Pop-Eleches and Urquiola (2013) 
who find a modest but significant impact on 
end-of-high school exam scores associated with 
entry to the baccalaureate track in Romanian 
high schools.

This paper provides new evidence on 
tracking by studying an innovative curricu-
lum implemented in Chicago Public Schools 
(CPS). In 2003, CPS enacted a new algebra 
policy, which required ninth grade students 
with incoming eighth grade math test scores 
that were below the national median to take 
two periods of algebra for a full year—regu-
lar algebra plus an algebra with support class. 
Also, teachers who taught algebra under this 
new policy were provided curricular resources 
and professional development to help them 
effectively use the extra instructional time. The 
“double-dose” algebra policy led CPS schools 
to sort students into algebra classes by the stu-
dent’s eighth grade math ability. Thus, as a 
consequence of this policy, tracking increased 
in all algebra classes.

1 For a thoughtful and detailed review of the earlier litera-
ture on tracking, see Betts (2011). 
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Using a longitudinal dataset from CPS that 
follows students from eighth grade through 
high school graduation, we implement a 
difference-in-difference strategy to identify the 
impacts of this policy on student academic per-
formance. We show that double-dosed students 
are exposed to a much lower-skilled group of 
peers in their algebra classes but nonetheless 
benefit substantially from the additional instruc-
tional time and improved pedagogy. Specifically, 
we find that the policy increased freshman aca-
demic performance, and most importantly, 
had positive longer-term effects on later math 
coursework and test scores.

I.  Data and Empirical Strategy

We use transcript data from CPS that follow 
students from eighth grade through high school. 
These data include demographics, detailed high 
school transcripts, and standardized test scores. 
Our sample consists of all regular education 
students entering ninth grade for the first time 
in the fall of 2001–2004 who were enrolled in 
at least one algebra class. The first two cohorts, 
2001 and 2002, are untreated and the second two 
cohorts, 2003 and 2004, are treated. The main 
independent variable, which will provide our 
instrument, is each student’s eighth grade score 
on the math portion of the Iowa Test of Basic 
Skills. All CPS eighth graders are required to 
take this test. As shown in Cortes, Goodman, 
and Nomi (2013a, 2013b), though 48 percent of 
CPS students score below the fiftieth percentile 
and are double-dose eligible, only 43 percent 
enroll in double-dose algebra, suggesting imper-
fect compliance with the rule.

Comparison of the outcomes of double-dosed 
and non-double-dosed students might yield 
biased estimates of the program’s impacts given 
potentially large differences in unobserved char-
acteristics between the two groups of students. To 
eliminate this potential bias, we exploit the fact 
that students scoring below the fiftieth percentile 
on the eighth grade math test were supposed to 
enroll in double-dose algebra. This allows us to 
use a difference-in-differences (DID) approach 
to identify the impact of the policy, using the 
assignment rule as an exogenous source of varia-
tion in the probability that a given student will 
be double-dosed. We implement the DID frame-
work using the regressions below:

(1)          ​ Y​ist​ = ​α​0​ + ​α​1​ ⋅ LowScor​e​ist​ 

	 + ​α​2​ ⋅ Pos​t​ist​

	 + ​α​3​ ⋅ LowScor​e​ist​ ⋅ Pos​t​ist​ 

	 + ​X​ist​ ⋅ φ + ​η​ist​

(2) DoubleDos​e​ist​ = ​γ​0​ + ​γ​1​ ⋅ LowScor​e​ist​ 

	 + ​γ​2​ ⋅ Pos​t​ist​ 

	 + ​γ​3​ ⋅ LowScor​e​ist​ ⋅ Pos​t​ist​ 

	 + ​X​ist​ ⋅ φ + ​μ​ist​

(3)	​ Y​ist​ = ​β​0​ + ​β​1​ ⋅ LowScor​e​ist​

	 + ​β​2​ ⋅ Pos​t​ist​ 

	 + ​β​3​ ⋅ DoubleDos​e​ist​ 

	 + ​X​ist​ ⋅ φ + ​ε​ist​ ,

where, ​Y​ist​ represents the outcome of interest for 
student i in high school s in cohort t, LowScor​e​ist​ 
indicates an eighth grade math score below 
the fiftieth percentile, Pos​t​ist​ indicates the 2003 
and 2004 treated cohorts, DoubleDos​e​ist​ is a 
double-dose indicator, and ​X​ist​ is a vector of stu-
dent demographics, neighborhood characteris-
tics, and high school fixed effects. ​X​ist​ includes 
gender, race/ethnicity, eighth grade reading 
score, free and reduced price lunch status, high 
school start age, cohort, socioeconomic, and 
poverty measures constructed for each student’s 
residential block group from the 2000 census.

By controlling for differences between low- 
and high-scoring students in the 2001 and 2002 
pretreatment cohorts and for overall differences 
between cohorts, the interaction coefficient (α3) 
from equation (1) estimates how the difference 
in outcomes between low- and high-scoring 
students changed at the time double-dose alge-
bra was introduced. This reduced form equa-
tion produces an intention-to-treat estimate 
because compliance with the assignment rule 
was imperfect. We therefore use equation (2) as 
a first-stage to predict how introduction of the 
policy affected the probability of a low-scoring 
student being double-dosed. Our ultimate esti-
mate of interest is therefore the double-dose 
coefficient (β3) from equation (3), in which 
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DoubleDos​e​ist​ has been instrumented with the 
interaction of LowScor​e​ist​ and Pos​t​ist​ using equa-
tion (2) as our first-stage. Our first-stage results 
(not reported here) show that low-scoring stu-
dents were 70 percentage points more likely 
to be double-dosed than high-scoring students 
(statistically significant at the 1 percent level; 
F-statistic = 900.64).2 This instrumental vari-
ables regression produces a treatment-on-treated 
(TOT) estimate of the impact of double-dose on 
students induced into double-dose algebra by the 
introduction of the policy. Here, high-scoring 
students serve as a control group for low-scoring 
students, so that these estimates will be unbiased 
under the assumption that no changes other than 
double-dose algebra differentially affected low- 
and high-scoring students over this time period.

In addition, we further explore how the effects 
of the policy varied by student’s academic skill. 
We reestimate the above regressions by inter-
acting the instrument and endogenous regressor 
with three levels of math skill as measured by 
their incoming eighth grade test score: very low 
(below the twentieth percentile), low (between 

2 The first-stage results are provided in the online 
Appendix. 

the twentieth and thirty-ninth percentiles), and 
medium (between the fortieth and forty-ninth 
percentiles).

II.  Empirical Findings and Discussion

Before turning to the regression results, 
Figure 1 illustrates that tracking intensified 
under this policy. This figure graphs the mean 
eighth grade math percentile of each student’s 
regular algebra class peers, averaged by the stu-
dent’s own eighth grade math percentile. Recall 
that the 2003–2004 cohorts were subject to the 
policy and the 2001–2002 cohorts were not. 
Figure 1 clearly shows that the increased track-
ing placed low-scoring students in algebra with 
lower-skilled peers and higher-scoring students 
with higher-skilled peers. Also, we note that 
no such sorting by math ability occurred in the 
pre-policy cohorts.

The results for the regression-adjusted DID 
analysis are reported in Tables 1 and 2. All coef-
ficients reported come from DID regressions 
in which double-dosing has been instrumented 
by eligibility; these are TOT estimates of the 
impact of double-dosing on those students who 
were actually double-dosed. We present two sets 
of results: panel A shows the overall effect and 
panel B reports on the policy effects by math 
ability. These latter results are of policy inter-
est because they identify the type of student 
who benefited the most from this intensive math 
curriculum, and thus provide insight on how to 
better target educational practices toward stu-
dents of different skill levels.

Table 1 shows the impact of the policy on 
freshmen academic experience. Columns 1 and 
2 in panel A, show that the policy increased 
the number of freshman math courses taken 
by about one, as would be expected from the 
double-dose strategy. Columns 3–6 highlight 
the policy’s impact on channels other than 
increasing instructional time in math, namely 
the change in peers. Columns 3 and 4 imply 
that the policy lowered the mean peer skill 
of the average double-dosed student by 13 
percentiles. Columns 5 and 6 suggest that 
double-dosed students were in more homoge-
neous classrooms than their non-double-dosed 
peers. The bulk of this effect is coming from 
students who are above the twentieth percen-
tile of math skills (panel B, columns 11 and 12. 
In short, double-dosing increased instructional 
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Figure 1. The Double-Dose Policy and Peer 
Composition in Freshman Algebra

Notes: Shown above is the mean eighth grade math percen-
tile of each student’s ninth grade regular algebra class peers, 
averaged by the student’s own eighth grade math percen-
tile. The 2003–2004 cohorts were subject to the double-dose 
algebra policy while the 2001–2002 cohorts were not.

Source: Authors’ calculations from Chicago Public Schools 
High School Transcripts Data, 2001–2004 student cohorts.



VOL. 104 NO. 5 403THE EFFECT OF DOUBLE-DOSE ALGEBRA ON STUDENT ACHIEVEMENT

time and homogeneity of classrooms but low-
ered the math skill of the average peer to which 
students were exposed.

We present the net impact of these changes 
on academic performance by focusing on 
two primary sets of outcomes: short- and 
longer-term impacts. First, in Table 2, we 
explore whether double-dose immediately 
helped students perform better on their freshman 
coursework. To measure the short-term gains, 
we construct two ninth grade measures of 
grade received in algebra and whether a student 
received a C or better in their algebra course. 
Second, we further investigate whether double-
dose improves long-run outcomes. We analyze 
the math portion of the PLAN exam, which all 
CPS students take in September in the 
tenth grade; and construct math coursework 
performance indicators in later years and on 
time graduation.

As shown in Table 2, this policy raised the 
average double-dosed students’ freshmen 
algebra GPA by 0.22 grade points (column 1) 
from a prior mean of 1.27. Double-dosing 
also increased the proportion of students earn-
ing a C or better in freshman algebra by 6.7 
percentage points (column 2), a 25 percent 
improvement from a base mean of 27 percent. 
Next, columns 3 and 4 analyze the potential 
outcomes beyond freshman year. Remarkably, 
we observe positive effects of this policy on 
math coursework even two years after treat-
ment. Double-dosed students were 3.8 per-
centage points more likely to receive at least 
a C in geometry by their second year and 3.2 
percentage points more likely to get a C or 
higher in trigonometry by their third year of  
high school.

Though coursework and grades matter for 
students, academic trajectories, the subjective 

Table 1—Difference-in-Differences Regressions, The Effect of Double-Dose Algebra on Freshman Coursework 
and Peer Composition 

Math courses Mean peer skill SD of mean peer

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

Panel A. Overall
Double-dosed 0.946*** 0.940*** −13.001*** −13.306*** −1.230** −1.197**

(0.012) (0.012) (1.056) (1.033) (0.523) (0.519)
μ (below × before) 0.96 0.96 41.59 41.59 18.02 18.02

(7) (8) (9) (10) (11) (12)

Panel B. By math ability
Double-dosed × (0 ≤ math < 20) 0.830*** 0.824*** −10.007*** −10.086*** −0.246 −0.237

(0.024) (0.024) (1.173) (1.142) (0.509) (0.509)
Double-dosed × (20 ≤ math < 40) 0.827*** 0.821*** −11.448*** −11.796*** −0.978** −0.942**

(0.022) (0.023) (1.060) (1.031) (0.456) (0.453)
Double-dosed × (40 ≤ math < 50) 0.840*** 0.837*** −11.952*** −12.293*** −1.813*** −1.779***

(0.025) (0.025) (1.118) (1.121) (0.513) (0.509)

Observations 60,497 60,497 60,497 60,497 60,497 60,497

Controls:
  Student demographics Yes Yes Yes
  Neighborhood characteristics Yes Yes Yes
  High school fixed effects Yes Yes Yes Yes Yes Yes

Notes: Heteroskedasticity robust standard errors clustered by initial high school are in parentheses. Each column in each panel 
represents the instrumental variables difference-in-differences regressions of the listed outcome on a double-dosed indicator, 
where the first-stage regression is described in the text. Odd-numbered columns include only cohort and high school fixed 
effects, while even-numbered columns add controls for gender, race, free and reduced price lunch status, high school start age, 
cohort, eighth grade reading score, and census block poverty and socioeconomic measures. Also listed is the mean value of 
each outcome for students below the eligibility threshold in pre-policy years. 

*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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nature of course grading motivates us to turn 
to standardized measures of achievement 
and attainment. Columns 5 and 6 show that 
double-dosing improved math scores by a 
highly significant 0.08 standard deviations and 
improved graduation by a positive but statisti-
cally insignificant 1.7 percentage points.

Our final analysis looks at the heterogene-
ity effects of the policy by student’s incoming 
math ability. The estimates in panel B of Table 2 
show a clear pattern. Columns 7–12 show that 
the bulk of the positive impacts reported in panel 
A came through the policy’s effect on low- and 
medium-skilled students and not on very low-
skilled students. Most importantly, we also 
see larger and marginally significant positive 
impacts on high school graduation for students 
with medium math skills. Double-dosed students 
whose math ability were at or above the fortieth 
percentile experienced a 3.2 percentage point 

increase in graduation, a 6 percent improvement 
from a base rate of 54 percent for such students.

III.  Concluding Remarks

In this article we present new evidence on the 
effects of ability-tracking, with one important 
distinction from many of the previous track-
ing studies. Despite the fact that double-dose 
students were channeled to “lower-track” 
algebra classes, these students also received 
twice the instructional time, more challenging 
coursework, and improved pedagogy than they 
would have received under traditional tracking. 
Specifically, the second math course (algebra 
with support), the double-dose teachers focused 
on building math skills that students lacked, used 
various instructional activities, such as working 
in a small group (cooperative groups), asking 
probing and open-ended questions. Hence, 

Table 2— Difference-in-Differences Regressions, The Effect of Double-Dose Algebra 
on Math Coursework, Test Scores, and Attainment 

Algebra Algebra, Geometry, Trigonometry, Math test, High school
GPA C or better C or better C or better z-score graduate
(1) (2) (3) (4) (5) (6)

Panel A. Overall
Double-dosed 0.220*** 0.067*** 0.038* 0.032** 0.081*** 0.017

(0.050) (0.019) (0.021) (0.014) (0.024) (0.014)
μ (below × before) 1.27 0.27 0.37 0.19 −0.34 0.43

(7) (8) (9) (10) (11) (12)

Panel B. By math ability
Double-dosed × (0 ≤ math < 20) 0.075 0.042* 0.007 0.028 0.036 0.003

(0.061) (0.023) (0.023) (0.018) (0.037) (0.016)
Double-dosed × (20 ≤ math < 40) 0.222*** 0.064*** 0.042** 0.026** 0.096*** 0.013

(0.048) (0.018) (0.020) (0.013) (0.025) (0.013)
Double-dosed × (40 ≤ math < 50) 0.211*** 0.067*** 0.038* 0.038** 0.058** 0.032*

(0.048) (0.019) (0.020) (0.017) (0.030) (0.019)

Observations 60,497 60,497 60,497 60,497 42,114 60,497

Controls:
  Student demographics Yes Yes Yes Yes Yes Yes
  Neighborhood characteristics Yes Yes Yes Yes Yes Yes
  High school fixed effects Yes Yes Yes Yes Yes Yes

Notes: Heteroskedasticity robust standard errors clustered by initial high school are in parentheses. Each column in each panel 
represents the instrumental variables difference-in-differences regressions of the listed outcome on a double-dosed indicator, 
where the first-stage regression is described in the text. All columns include cohort and high school fixed effects, as well as con-
trols for gender, race, free and reduced price lunch status, high school start age, cohort, eighth grade reading score, and census 
block poverty and socioeconomic measures. Also listed is the mean value of each outcome for students below the eligibility 
threshold in pre-policy years. In columns 3 and 4, students who do not take the course are assigned zero as the outcome value.

*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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these specific aspects of the policy may have 
mitigated the potential negative effects of being 
placed with lower skilled peers. In contrast, 
under traditional tracking students are placed in 
more homogenous classes, but classes are often 
characterized as having low-level content and a 
poor instructional environment (Oakes 1985).

There are three main takeaways from the anal-
ysis here. First, we observe that this curricular 
intervention, which only occurred for one year, 
had lasting positive effects on longer-term stu-
dent outcomes. Second, our results also reveal 
that the lowest skilled students benefitted less 
from the intervention than did somewhat higher 
skilled students, perhaps because the focus on 
building high-level analytical skills required a 
certain baseline math ability. Lastly, our results 
provide further evidence, consistent with Duflo, 
Dupas, and Kremer (2011), that the benefits of 
tracking and the resulting better-targeted peda-
gogy may outweigh the impact of being exposed 
to lower-skilled classmates.
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APPENDIX TABLE —  

SUMMARY STATISTICS AND FIRST-STAGE REGRESSION RESULTS  
 

 Panel A: Summary Statistics by Cohort 
 2001 2002 2003 2004 

(A) Controls     
Female 0.531 0.533 0.540 0.538 
Black 0.541 0.522 0.578 0.557 
Hispanic 0.359 0.381 0.336 0.356 
Free price lunch 0.765 0.766 0.807 0.808 
Reduced price lunch 0.110 0.111 0.100 0.095 
8th grade reading percentile 45.44 49.12 48.36 48.50 

 (21.78) (21.13) (20.72) (20.87) 
High school start age 14.63 14.63 14.68 14.68 

 (0.473) (0.463) (0.495) (0.490) 
Census block poverty measure -0.015 -0.014 -0.009 -0.008 
 (0.994) (0.997) (0.993) (0.985) 
Census block SES measure -0.011 -0.007 -0.015 -0.011 

 (1.01) (1.01) (1.01) (1.00) 
(B) Double-dose     
Double-dose eligibility (low score) 0.542 0.436 0.476 0.480 
Double-dosed 0.000 0.000 0.439 0.426 
8th grade math percentile 48.28 53.92 51.24 51.10 

 (22.27) (21.93) (22.20) (22.47) 
Freshman math courses 0.965 0.980 1.393 1.396 

 (0.193) (0.154) (0.510) (0.510) 
Mean peer skill 46.93 52.50 50.09 49.89 

 (14.68) (14.89) (17.52) (17.34) 
Standard deviation of mean peer 17.71 17.35 14.45 15.32 

 (4.05) (4.21) (4.92) (4.52) 
(C) Outcomes     
Algebra GPA 1.59 1.68 1.60 1.62 

 (1.21) (1.22) (1.22) (1.22) 
Algebra, C or better 0.369 0.406 0.378 0.385 
Geometry, C or better 0.478 0.477 0.460 0.452 
Trigonometry, C or better 0.302 0.316 0.301 0.317 
Math, test scores (z-score) 0.153 0.161 0.157 0.166 

 (0.930) (0.918) (0.911) (0.923) 
High school graduation 0.528 0.527 0.489 0.525 

N 14,246 14,125 15,869 16,257 
     
 Panel B: Low-Score Eligibility 

Y=Double-Dose as an Instrument for Double-Dose Algebra 
LowScore * Post 0.701*** 

 (0.023) 
F-statistic 900.64 

N 60,497 
Notes: Standard deviations for non-binary variables are shown in parentheses. Our data 
are linked to the 2000 U.S. Census at the block level corresponding with each student’s 
home address. Indicators of students’ socioeconomic status and concentration of poverty 
were derived from the census data about the economic conditions in students’ residential 
block groups. Specifically, the socioeconomic status variable is based on the percentage 
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of employed persons 16 years (or older) who are managers and executives and the mean 
level of education among people over 18. The concentration of poverty variable is based 
on the percentage of males over 18 who are employed one or more weeks during the year 
and the percentage of families above the poverty line.  
*** Significant at the 1 percent level. 
Source: Authors’ calculations from Chicago Public Schools High School Transcripts 
Data, 2001-04 student cohorts. 
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