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This study examines the effect of SES on student test score gains and
whether particular subgroups of students benefit more from NCLB tutoring
services. The sample used includes information on students enrolled in

3rd through 8th grades nested in 121 elementary and middle schools over a
five-year period from 2003-04 to 2007-08. A total of 17 elementary and
middle schools were required to offer SES at some point during the period
under study, and 9,861 student-year pairings in the sample were eligible

to receive SES. While the authors’ preferred analytic approach takes advan-
tage of panel data to implement an analysis strategy with student fixed
effect regression methods, they also test the robustness of these estimates to
a number of alternative approaches, including a comparison of student test
score gains between current and future SES participants. The authors find
consistently significant and positive average effects of SES on test score
gains in mathematics. Results in reading tend to be insignificant. SES tutor-
ing does not appear to disproportionately benefit a particular racial/ethnic
group or ability level. Female students and students with disabilities appear
to benefit more from participating in SES. SES has a significant, cumulative
effect on students in both mathematics and reading. They also demonstrate
that not accounting for content area of tutoring can cause downward bias
in estimates of the SES treatment effect. These findings are qualified on a
couple of dimensions.



1. Introduction

After-school programs have become a popular approach to enhance academic opportunities and
outcomes of public elementary and secondary school children in the United States. Advocated
during the 1980s as a strategy for lowering juvenile crime, increasing social and job-readiness
development, and lessening opportunity costs for single parents to enter the workforce (Catalano et
al, 1999; Gelbach, 2002; Connely, 1992; Blau and Robins, 1998), the purpose of after-school policies
became increasingly academically-oriented in the 1990s when federal legislation established the 21*
Century Community Learning Centers program.' The supplemental educational services (SES)?
provision of the No Child Left Behind Act of 2001 (NCLB) further reinforced the intent of after-
school programs to “increase the academic achievement of eligible children on academic
assessments...and attain proficiency in meeting the State’s academic achievement standards” (Title I,
Section 1116(e)(12)(C)).

SES are free tutoring services offered to low income children in low performing schools
outside of the hours of the typical school day. SES are provided through a variety of entities
including for-profit, non-profit, local community, school district, and college and university tutoring
programs. Students who both are identified as low-income and attend a Title I school that has failed
to make adequate yearly progress for three or more consecutive years under a state’s NCLB

accountability policy can enroll with a service provider.” With an approximate $2.78 billion included

11n 1994, Congtress authorized the 215t Century Community Learning Center to open schools for broader use
in their communities. The program became more narrowly focused on school-based academic and
enrichment activities in 1998, growing from an appropriation of $40 million per year in 1998 to more than $1
billion in 2002 (Dynarski et al, 2003).

2 In this paper, the acronym SES refers to supplemental education services which should not be confused
with socioeconomic status.

3 The U.S. Department of Education has entered into flexibility agreements with five districts and eleven
states for the 08-09 school year to offer SES to eligible students after only two years of failing AYP.



for NCLB’s SES provision in the President’s FY 2008 budget request to Congress (representing a
58.7 percent funding increase since first being funded in 2001), the federal government is placing
significant weight on after-school programs to improve academic opportunities and outcomes in

public elementary and secondary schools.

However, the evidence paints a mixed picture of the effects of pre-NCLB after-school
tutoring programs on student test scores. Several experimental and quasi-experimental evaluations
report inconclusive or insignificant effects (Reisner et al, 2002; Walker et al, 2003; Dynarski et al,
2003). A meta-analysis of out of school time that does not include those studies indicates a small
but statistically significant and positive effect on mathematics and reading test scores (Lauer et al,
20006). Yet, two surveys of the literature call into question the credibility of the evidence on the
benefits of after-school tutoring (Hollister, 2003; Kane, 2004).

The literature assessing the effects of SES on student achievement is similarly inconclusive.
Evaluations have found positive program effects in mathematics and reading (Chicago Public
Schools, 2005; Rickles and Barnhart, 2007; Zimmer et al, 2006; Zimmer et al, 2007), while other
studies report mixed (Chicago Public Schools, 2007; Heistad, 2007; Rickles and White, 2006) or
negligible program effects (Potter et al, 2007; Heinrich, Meyer, and Whitten, 2007). We do not
know of any studies, to date, concluding that SES had a negative effect on student test scores.

The SES evaluation literature also varies widely with respect to methodological rigor. None
of the existing evaluation studies employ a random assignment design,* which makes selection bias a
salient concern because schools are required to offer SES for repeatedly failing to make AYP and

student participation in SES is voluntary. However, even though there are statistical and

Locations include Boston Public Schools, Chicago Public Schools, and the states of Arkansas, Florida, and
Utah.

+Two randomized, controlled trials compare the impact of students participating in a typical after-school

program to those students participating in an after-school tutoring program with a specific curriculum
(Fitzgerald and Hartry, 2008; Black et al, 2008).



econometric methods aimed at attenuating the influence of selectivity bias when evaluating a policy
intervention in the absence of randomization, the majority of SES evaluations do not implement a
rigorous, non-experimental design. Indeed, in our review of the literature, we identified only four
studies that did so (Zimmer et al, 2006; Zimmer et al, 2007; Heinrich, Meyer, and Whitten, 2007,
Heistad, 2007).

Other forms of omitted variable bias may skew estimates of the SES parameter measured in
previous evaluations. For example, most studies do not account for differential patterns of student
enrollment and attendance in SES. Moreover, no study distinguishes the content area in which a
student receives tutoring, even though a student may receive tutoring in reading, mathematics, or
both subjects. Both the failure to show up by students enrolled with a provider and the variation in
the content area in which students receive tutoring may dilute estimates of the SES treatment effect.

In an effort to more precisely identify the effects of SES on student test scores, and whether
particular subgroups of students benefitted more from tutoring services, we constructed a
comprehensive panel data set in partnership with a large, urban school district in the southern
United States. The district enrolls over 70,000 students, 72 percent of who qualify for free or
reduced price lunch. Our sample includes students in 3* through 8" grades nested in 121 elementary
and middle schools over a five year period comprising the 2003-04 to 2007-08 school years.
Seventeen schools were required to offer SES, and 9,861 student-year pairings were eligible to
receive SES. In total, there are 114,978 student-year observations.

Our basic modeling strategy relies on a student fixed effects model to control for
unobserved, time invariant sources of heterogeneity between SES and non-SES students. We
estimate how a student who attends SES performs compared to how that student is expected to

have performed without SES tutoring. In addition to the usual student- and school-level covariates,



we account for actual attendance of students enrolled in SES (after enrollment), the content focus in
which a student receives tutoring, and/or the number of years a student attended SES.

To test the robustness of our main findings, we adopt two cross-sectional methods for
estimating the SES treatment effect. First, we implement a modeling strategy following the
framework employed in Zimmer et al.’s (2007) assessment of NCLB’s student transfer provision.
We compare the performance of students enrolled in SES to future SES participants, where future
participants are defined by those students who were not yet eligible for SES but elected to enroll
with a provider when they became eligible in the following school year. The approach accounts for
selection bias in that the comparison group, by its future participation, has signaled a willingness of
enrolling in SES if it were available to them. Admittedly, if student performance in the year prior to
enrollment is correlated with enrolling in SES, comparisons of current and future participants will
produce biased estimates.

A second cross-sectional method uses propensity score analysis as first defined by
Rosenbaum and Rubin (1983) and advanced by Lunceford and Davidian (2004). Propensity score
analysis balances nonequivalent groups in an effort to more reliably estimate the effect of a policy
intervention using observational data. However, this approach may be suboptimal in the current
context.” Most education data sets contain limited number of covariates about students and their
situation, and factors not observed in the data that are associated with student test scores and

selection into tutoring services are likely to confound estimates of the SES treatment effect.

> Researchers have examined whether non-experimental methods replicate estimates on the experimental
impact of a program or policy intervention. Agodini and Dynarski (2004) concluded that propensity score
analysis performed poorly when measuring the experimental impacts of 16 dropout prevention programs.
Wilde and Hollister (2007) reached a similar conclusion using data from the Tennessee STAR study. Diaz
and Handa (2006: 341) suggest that propensity score analysis can adequately address selection bias if
researchers have “...an extremely rich set of covariates, detailed knowledge of the beneficiary selection
process, and the outcomes of interest [are] measured as comparably as possible.”



However, as we have several years of pre-intervention data, we do incorporate pre-SES test scores,
which may capture some of the unobserved correlates of student achievement.

In this study, we find significant and positive effects of SES on student test scores in
mathematics. Results in reading tend to be inconsistent. Findings are maintained when controlling
for either the percent of or absolute hours of SES tutoring sessions attended. The magnitude of the
SES treatment effect also increases in the expected direction when controlling for the content area
of tutoring. Furthermore, the results from the student fixed effect models align with comparisons
of SES students with the pre-enrollment gains students who reveal an SES enrollment preference
through future participation.

SES is measured to have a significant cumulative impact on test score gains in both
mathematics and reading if a student receives two or more years of tutoring. SES tutoring does not
appear to disproportionately benefit a particular ethnic group or ability level, where ability level is
determined by the previous year’s quartile performance. However, female students and students
with disabilities disproportionately benefit from participating in SES.

Our findings are qualified on several dimensions. First, observational studies of this nature
are always susceptible to selectivity bias or other spurious relationships arising from events or
processes such as differential teacher effects. Second, we do not know the extent to which a student
actually received academically focused tutoring when he attended SES, nor do we know the quality
of those services.” Third, even though most SES providers serve clients in urban school systems, it
is unclear if students enrolled in tutoring services and the services offered in the district under study
can generalize to those of other urban school districts.

The subsequent paper is divided into six sections. In section 2, we provide a brief overview

of the status and trends of SES in the United States and the school district studied in this paper. In

¢ Provider-specific models were run by the authors. While variation did exist in the efficacy of provider, it
was not the case that a small subset of providers drove the results.



Section 3, we review relevant literature on the impact of SES on student test score gains, paying
particular attention to shortcomings in prior evaluations of NCLB’s SES provision. Sections 4 and 5
describe our analytic strategy and our data and sample, respectively. Findings are presented in

Section 6. Section 7 discusses results and implications for SES policy.

2. No Child Left Behind and Supplemental Education Services

The SES provision is one of several regulation found in NCLB, including student transfers from
failing schools, school restructuring, and state-level takeovers. SES are offered through a variety of
entities, including for-profit, non-profit, local community, local education agencies, and college and
university tutoring programs. A national survey on the incidence of SES finds that 54 percent of
SES providers are private for-profit companies, 21 percent are nonreligious non-profit entities, and
nine percent of SES providers are LEA operated (Center on Education Policy, 2006). The
remaining 16 percent of SES providers are operated by either local community groups or colleges
and universities.

A recent review of the literature reported that approximately 13 percent of Title I schools in
the United State were required to offer SES during the 2007-08 school year, where between zero and
approximately 70 percent of eligible students enrolled (Springer et al., 2009). Although the number
of districts with schools required to offer SES has remained fairly stable over time, the proportion of
schools within these districts increased nearly 2.5 times (from 27 percent to 65 percent) from the
2002-03 to 2005-06 school years (Center for Education Policy, 2006). Studying the effects of SES
on student test scores in urban school districts is particularly important bearing in mind that less
than one third of Title I schools are located in urban settings, yet more than half of all urban Title I
schools have failed to make AYP for three or more consecutive years (Center for Education Policy,

2006).



Table 1 displays descriptive information on the status and trends of the SES marketplace in
the district under study. A total of 20 SES providers offered tutoring services to eligible students at
some time during the 2003-04 to 2007-08 school years. The provider with the largest market share
of students enrolled 20.5 percent of all students enrolled in SES when pooled across years, while the
next five largest providers accounted for another 58.5 percent of enrolled students. The market
share for any single provider remaining was fewer than 5 percent of students enrolled in SES.
Perhaps strikingly, 60 percent of the 20 providers stopped offering tutoring services in the school
district after one school year.

[Insert Table 1 Here]

The total number of Title I schools required to offer SES steadily increased from the time
the first school in the district was required to offer SES (i.e., the 2003-04 school year). An additional
five schools were required to offer tutoring services in the 2005-06 school year, and by the 2007-08
school year, a total of 14 schools had to offer SES (about 12 percent of those schools in the district
with at least one grade in the 3 through 8" grade range). The total number of students eligible to
receive SES grew from approximately 100 students in the 2004-05 school year to more than 4,300
students in the 2007-08 school year, or about 9,900 students across all years.

The percentage of students enrolled in SES by year ranged between 18.4 and 23.0, with an
average enrollment rate of 21.0 percent, which is similar to national estimates published by the
Government Accountability Office (Shaul, 2006). However, the percentage of students that actually
received tutoring services fell between 26.4 and 35 percent after taking into consideration those
students that never attended a tutoring session.

Figure 1 displays the SES take-up rate among students enrolled in elementary schools and
middle schools from 2005-06 through 2007-08 school years. Each vertical bar represents the

percent of a school’s eligible student population that attended at least one hour of SES in a



particular school year. Panel A reports these SES take-up rates for elementary schools and Panel B
does the same for middle schools. Not all schools have observations for each of the three school
years because eligibility is determined by AYP status, which varies from year to year.

[Insert Figure 1 Here]

Two trends are particularly noticeable in Figure 1. First, elementary schools have much
greater success at enrolling students for SES. More than one-third (39 percent) of eligible
elementary school students signed-up for SES, and 87 percent of those students attended at least
one tutoring session. In contrast, 19 percent of middle school students eligible for SES signed-up.
Only seventy-two percent of those middle school students attended at least one tutoring session.

The data displayed in Figure 1 further demonstrates that SES enrollment rates vary from
school to school and, to a lesser extent, within the same school from one school year to the next.
Anecdotal information provided by administrators operating the district’s Office of Federal
Programs pointed out that a motivated school administrator or site-based SES coordinator can
significantly affect the SES take-up rate. Furthermore, district- and school-level personnel have
become more familiar with their roles and responsibilities and worked to improve their delivery of

SES over time.

3. Review of Relevant Literature

Very few studies have attempted to estimate the impact of SES on student outcomes. None of
these studies use a random assignment evaluation design due, in part, to NCLB legislation being
applied to all schools and school systems when the law was first enacted in 2002. Even though

statisticians and econometricians have developed several strategies for estimating the effect of a

policy intervention in the absence of randomization, only a handful of studies have implemented



rigorous non-experimental methods (e.g., statistical matching techniques or panel data methods) to
draw inferences about the SES treatment effect.’

Two studies attempt to correct for selection bias using propensity score analysis, both of
which reported negligible effects of SES on average test score gains in mathematics and reading
(Heinrich, Meyer, and Whitten, 2007; Heistad, 2005). Propensity score analysis assumes the
conditional probability of treatment and comparison condition students as a function of observable
characteristics of students and schools can be used to balance the covariates among SES participants
and non-participants. Making use of propensity scores to estimate the SES treatment effect is likely
to produce biased conclusions because factors associated with student test scores and likely
influence student selection into SES are typically unobserved in most education databases (i.e.,
parent motivation or innate student ability). Indeed, most data sets available to education
researchers have a limited amount of information about students, their teacher and schools, and
their home environment.

Researchers frequently use panel data to implement fixed effect regression methods that can
account for latent heterogeneity among students, teachers, classrooms, and so on. So long as
unobserved characteristics do not change overtime, fixed effect methods can produce reasonable
inferences about an educational intervention where assignment of units is outside the control of the
researcher. If a limited amount of information is available about the units under study, fixed effect
methods offer several advantages over propensity score analysis. However, they require a minimum
of three years of valid test score information per student to get two gain scores (one pre- and one-
post treatment) and can result in biased estimates if the subsample of students used to identify the

treatment effect is not representative of all students.

7 Gill and Deke (2008) recently designed a large-scale evaluation of SES for the United States Department of
Education’s Institute of Education Sciences, which takes advantage of SES oversubscription to compare
accepted and denied applicants using a regression discontinuity framework. See Springer et al. (2009) for a
more complete review of the literature.
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Contrary to the estimates reported in the two SES evaluations that relied on propensity score
analysis, studies that employed a student-fixed effect approach report generally positive and
significant effects on student test scores. For example, Zimmer et al.’s (2006) analysis of two after-
school tutoring programs in Pittsburgh reported average effect sizes of 0.26 in mathematics and
negligible effects in reading. Zimmer et al (2007) report that, on average, participation in SES
increases test score gains in mathematics by 0.09 standard deviations and 0.08 standard deviations in
reading. Furthermore, students enrolled for two or more years was even larger, equivalent to 0.17
and 0.15 standard deviations in mathematics and reading, respectively.

Most studies reporting a SES treatment effect on student test scores are also susceptible to
bias from incomplete information on patterns of student enrollment and attendance. For example,
even though three of the four rigorous, non-experimental evaluations tracked student attendance
patterns, only two of those studies had adequate data to calculate a student's attendance rate at SES.
Attendance rate can proxy for a student’s exposure to tutoring, but may hide large differences in the
number of hours provided, which vary by provider. At the same time, some empirical work
contends the amount of time spent in after-school tutoring may be less important than what occurs
during tutoring sessions or whether that time was actually spent on academics (Aaronson,
Zimmerman, and Carlos, 2002; Karweit, 1985; Lauer et al., 2000).

Finally, studies evaluating the effect of SES on student achievement have not accounted for
the content area in which a student receives tutoring. Not knowing the subject(s) in which a student
receives tutoring may cause the measured impact of SES on mathematics (or reading) test score
gains to be biased downward when using the entire SES population because students who received
tutoring in reading (or mathematics) only would dilute the treatment effect (assuming, of course,
there are negligible spillover effects across subjects). Omitting content area of tutoring is very

salient in the context of the current study considering 21.8 percent of students enrolled in SES
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received tutoring in mathematics only, 32.1 percent received tutoring in reading only, and 46.1
percent received tutoring in both mathematics and reading.

In summary, our review of relevant literature highlights several limitations in the existing
knowledge base. First, none of the existing evaluations use randomized, controlled trial designs
which makes it difficult to answer how a student who participated in SES would have fared without
the program. Second, in a majority of studies, researchers have attempted to estimate the effect of
SES on student test scores without taking into account selection bias and, as a result, conclusions
drawn from these studies are likely wrong. Third, of the four rigorous evaluations reviewed, two
rely on statistical matching techniques to correct for selection effects. Since estimates of program
effects tend to be highly sensitive to the vector of variables used to create propensity scores, and we
know the amount of information available in most education databases tends to be limited, it is
questionable whether these studies provide reliable estimates. Finally, most studies are likely
susceptible to omitted variable bias because their analytic strategy omit patterns of student

enrollment and attendance in SES as well as the content area in which a student receives tutoring.

4. Analytic Strategy

4.1. Longitudinal Analysis with Student Fixed-Effect Approach
Our base model for estimating the relationship between SES tutoring and student test score

gains can be expressed as:

AYjje = Yijp — YVijeoq = Xty (registered); +, (student);;,

+x3 (school)j +v; + O4¢ + vyt 1)
where, AY;j; is the spring-to-spring standardized test score gain in reading or mathematics for

student 7 attending school ; in year # registered;; is an indicator variable that takes a value of one

12



if student 7 signed-up for SES in year 7 or zero if a student does not register for SES; student;, is a
vector of observable student-level characteristics for student 7in year 4 Schoolj; is a vector of year-

specific school characteristics; ¥; is a student fixed effect; 6 is a year by grade effect which
controls for changes in the test, changes in how well aligned the test is with curricula, and student
cohort effects; and v;j; is the random disturbance term.

The parameter of interest in Equation (1) is the coefficient of registered, a,, which
represents the average SES treatment effect on student test score gains in mathematics or reading.
The parameter aq reflects potential test score gains from offering free tutoring services to low
income children in low petforming schools. However, registered is likely an imperfect measure
for whether or not a student benefits from tutoring because a; does not differentiate between
students registered for SES and those students registered for SES that attended tutoring services;
nor does Equation (1) account for the content area in which a student receives tutoring.

Consequently, we substitute registered with the indicator variable, attended, which takes
a value of one if student 7 attended at least one tutoring session in year 7 or zero if a student does not
register for SES, registers but does not attend a single tutoring session, or is ineligible for tutoring
services. The coefficient of attended represents the average difference in mathematics or reading
test score gains between students that attended at least one tutoring session and students that never
attended a tutoring session. Select specifications, as reported in the next section, also account for
the content area in which a student receives tutoring.

Our base estimation strategy accounts for potentially confounding factors associated with
latent characteristics of a student (i.e., motivation, family characteristics, or parental inputs) through
replacement of an additive individual effect with a student fixed effect, ¥;. A student fixed effect

approach may produce biased estimates if the subsample of students used to identify the SES
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treatment effect is not representative of all SES students in the sample, or the necessary assumption
of unobserved characteristics being time invariant is invalid. For example, the complex information
networks among the poor may result in an endogenous relationship between the likelithood of
signing-up for SES and the exposure of a student’s peers to SES; that is, a student’s likelihood of
signing-up for SES increases as he (or his parents) encounters other peers who attend tutoring
services.

We also examine the potential test score differences among those students that chose to
attend SES and those that did not register or registered and did not attend. We use a modified form
of Equation (1), which can be expressed as:

AY;je = Yije — Yijeo1 = ag + ay(registered);, + a,(attended); +oc; (student);j,
+ocy (school) jy +y; + O4¢ + Vije ©)
where, @y is the average difference in mathematics or reading test score gains between students that

registered for SES and students that never registered for SES and @ is the average difference in

mathematics and reading test score gains between students that registered for SES and students that
registered for SES and attended at least one tutoring session. We are most interested in the estimate
on @y + a; + ay, which reflects the average test score gain for students that registered for SES and

attended at least one tutoring session. The estimate on a, is also of interest in that @, differentiates
the average effect of SES registration and attendance on test score gains in mathematics and reading,.
We further explore this line of inquiry through the inclusion of exploratory variables that
broaden the model specification identified in Equation (2). We first introduce a continuous control
variable for hours of attendance. The continuous attendance variable is included as either the
percent of total hours attended or the absolute hours attended, which vary by student and within

provider. Although these variables arguably offer an adequate proxy for student exposure to

14



tutoring services, previous research literature contends the amount of time spent in after-school
tutoring may be less important than what occurs during tutoring sessions or whether that time was
actually spent on academic learning (Aaronson, Zimmerman, and Carlos, 2002; Karweit, 1985; Lauer
et al., 2000).

We also create three binary variables indicating if a student received tutoring in mathematics
only, reading only, or both mathematics and reading. We do not anticipate spillover effects between
subjects; that is, a student who receives tutoring in reading only (or mathematics only) is not
expected to perform better in mathematics (or reading) as a result of tutoring services. Finally, we
investigate the relationship between SES treatment and observable student characteristics (i.e.,
race/ethnicity, gender, limited English proficient (LEP) students, students eligible for special
education services, prior ability level). We also investigate the benefits of attending SES one year

compared to attending more than one year.

4.2. Current and Future Participants Estimation Strategy

We implement a second estimation strategy that compares test score gains of students
enrolled in SES to future SES participants. Comparing the test score gains of a matched sample of
students currently enrolled in SES to test score gains of students who were not yet eligible for SES
but elected to enroll with a provider when they became eligible in the following year is another way
to control for unobservable factors under the assumption students have equal propensity to enroll
when given the opportunity. Modeled after Zimmer et al. (2007), this estimation strategy can be
expressed as:
AYijr = Yijr — Yije—1 = 8o + 6, (attended); +6,(student);j;

+85(school) jy + 04t + vy, 3)
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where, all coefficients are similar to those reported in Equation (1) and the parameter of interest is
the coefficient of attended, §;, which represents the average SES treatment effect holding
constant all observed student and school attributes. Equation (3) will produce biased results of the
SES treatment effect if the timing of participation in SES were related to a student’s test score in the
year immediately preceding enrolling in SES or the sample of current and future participants is not
representative of all SES participants. Because the sample is restricted to 714 control and 1,020
treatment observations, we only use the future participant identification strategy to estimate the

average SES effect.

4.3. Propensity Score Analysis

Our final estimation strategy employs propensity score analysis. Propensity score analysis is
a statistical technique implemented to balance two non-equivalent groups on observed covariates to
get more accurate estimates of the average treatment effect under the assumption that bias will be
reduced when the comparison of students enrolled and not enrolled in treatment are as alike as
possible. Propensity scores summarize all the information from the observed covariates into one
single number, namely, the probability of being assigned to the treatment given by the covariates.
Selection bias is eliminated only if the exposure to treatment can be considered to be purely random
among individuals who have the same value of the propensity score; that is, no unobserved
covariates are confounded with treatment within the same levels of the propensity score.

We specified a student’s propensity of enrolling in and attending SES using the following
logit model:
S, =P(Dyje = 1|C) 4)
where, S; is student /% propensity of enrolling in and attending SES during the window of the study;

Djj; is a binary variable taking on a value of one if student 7 in school / enrolled in SES or zero if a
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student did not enroll; Cj is a vector of observed student-level pre-treatment covariates including
mathematics and reading test scores, race, gender, eligibility for free lunch, eligibility for reduced
price lunch program, LEP status, special education status, student attendance rate at school, and
grade-level of student.

After fitting the logit model and estimating propensity scores, we divided the propensity
scores into quintiles. To check for distribution of the quintiles across the SES and non-SES
students, we then ran a series of analysis of variance models with each student-level covariate used in
the adjustment as the dependent variable, and propensity score quintile, SES treatment status, and
the interaction of quintile with SES as independent variables. We also tested for balance among the
covariates by conducting a t-test for the two groups prior to any adjustment using the propensity
score.

We incorporated the propensity score into our evaluation models in two ways. In the first

direct way, we estimate the weight as the inverse of the propensity score for the treatment group,

w; = 1/S;. For the control group, the weight equals w; = 1—15'{ We include these weights when

estimating the following regression model:
AY;jr = Yijr — Yije—1 = Pi(attended); + f,(student);;; + f3(school) j;
+ 04¢ + vyt 5)
Thus, the average SES effect is a weighted average of the outcome or gain scores can be

expressed as:

2Xwij X(Yije—Yijt-1)
L wij

Ave(Yij't - Yij,t—l) = (©)

In an alternate approach, we used the propensity scores to adjust for covariates through

stratification, and then the strata variable is included as a covariate when calculating the effect of

SES. The quintiles of the distribution of the propensity scores form five strata, thus effectively
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making a coarse match between SES and non-SES students. There were sufficient SES and non-
SES kids in three of the five strata, while in the two lowest strata contained an insufficient number
of SES students to estimate the SES effect within each stratum.” We created a series of indicators

for the strata and included these as covariates in the model where we estimate the SES effect.

5. Data and Sample

We cleaned and merged relevant student, school, and provider information from multiple data
sources to create a single longitudinal data file for a five-year period comprising the 2003-04 to
2007-08 school years. Data were drawn from management information systems maintained by the
school district, including test score files, enrollment history files, and federal program files. In total,
our sample includes approximately 143,801 continuously enrolled student-year observations in
mathematics and reading nested in 121 elementary and middle schools.”

The test score file is a flat file that contains annual test score results for mathematics,
reading, science and social studies. We focus on data from the mathematics and reading assessments
because test scores are linked across grades and presented on a single developmental scale. A one to
two percent error rate in the unique identifier linking a student to his test score was corrected on a
case-by-case basis, resulting in student-score match rates of greater than 99.9 percent across all years
and grades.

We standardized student test scores by subject, grade, and year and then constructed a
simply standardized gain score by subtracting scores at time 7 from those at time #7. A gain score

indicates a student's test score is below the mean for all tested students in that subject, grade, and

8 The two lowest strata contained only two student observations that enrolled in SES.
? “Continuously enrolled” is defined using the state’s definition under NCLB; that is, a student must be

enrolled within the same school from the twentieth day of school through mid-April when the state’s high-
stakes assessments are administered.
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school year, while a positive score indicates a student's test score is above the distribution mean. A
standardized gain score of zero means a student test score from one year to the next increased the
average amount for that grade, year, and subject.

The enrollment history file contains student demographic information such as a unique
student identifier, race, gender, date of birth, grade, free lunch status, and reduced lunch status. The
file also provides a transactional enrollment history which records dates of school enrollment and
transfer for each student. The enrollment history file was supplemented with daily student
attendance records to create an in-school attendance variable for each student.

The federal program file tracked the involvement of an individual student in SES on several
dimensions, including student enrollment, total hours scheduled, total hours attended, the name of
the tutoring provider, and the content area of tutoring (i.e., mathematics, reading, or both). Under
mandate by the state department of education, this data is recorded and maintained by a designated
SES coordinator at the district. SES attendance information is tracked through invoices submitted
by providers. School-level SES coordinators confirm the accuracy of records in the federal program
file at regular intervals throughout the school year.

Table 2 displays summary statistics on select characteristics of students and schools.
Information is reported by all students in the district, students in schools required to offer SES,
students eligible to receive SES in failing schools, students who signed-up for SES, students who
attended at least one SES tutoring session, and students who enrolled but did not attend SES. The
final set of columns report attendance by SES content area for students who attended at least one
tutoring session.

[Insert Tables 2 Here]
Roughly half of the student observations in the sample are female, 47.8 percent are Black,

36.4 percent are white, and 12.4 percent are Hispanic. Approximately 62 percent of students in
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grades 3 to 8 qualified for free or reduced price lunch program. The great majority of those students
are part of the free lunch program (= 87 percent). More than 10 percent of SES eligible students
received special education services with the largest share of those students receiving between 5 and
20 hours of service per week. The average daily in-school attendance rate was 95.7 percent.

On select demographic characteristic, students attending a school required to offer SES are
noticeably different from the average student in the district. A smaller percentage of white students
enrolled in failing schools, which is offset by failing schools enrolling a larger concentration of
Hispanic and Black students. Approximately 81 percent of students in failing schools qualify for the
free- or reduced-price lunch opposed to an average of 62 percent of students in the district. There
are modest differences in the percentage of students receiving more than 20 hours of special
education services, while virtually equal shares of students qualify for Title I lunch program in
schools offering SES and those not offering SES. Students classified as limited English proficiency
(LEP) are much more likely to attend a school required to offer SES.

Table 2 further indicates students eligible for SES are different from the average student in
the district and the average student in schools offering SES. A slightly larger percentage of eligible
students are Black and Hispanic, while fewer white students are eligible for SES. All of these
students are eligible for free or reduced price lunch. Students eligible for SES score, on average, 6 to
17 points lower than the average student in the district on standardized assessments in mathematics
and English language arts."” This is equivalent to between 0.17 and 0.43 standard deviations
dependent upon the grade and subject under consideration.

Students enrolled in SES are different from the average student eligible to receive SES on a
number of observable characteristics. A greater percentage of Black students enroll, and enroll and

attend SES, while a lower percentage of eligible, white students enroll. Hispanic students enrolled in

10 Means and standard deviations of level scores and gain scores are reported by grade and student subgroups

in Appendix A.
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SES are slightly less likely to attend SES sessions. In addition, special education students receiving
between five and 20 hours of special education services per week are more likely to take-up SES.
Female students are slightly more likely to receive tutoring in mathematics only, while Hispanic and
LEP students are more likely to receive tutoring in reading only. Students receiving between 5 and
20 hours of special education services each week disproportionately receive SES tutoring in
mathematics.

Table 2 also reveals that, as students matriculate into middle school, subject-specific tutoring
slightly shifts from reading only to mathematics only. An investigation into subject area data by SES
providers reveals that providers generally offered services either focused on both subjects or focused
on one subject only. For example, the provider that tutored the most students focused only on
mathematics for 133 students, only on reading for 151 students, and both or unknown for 8
students. The third largest provider focused on both subjects for 199 students, and a single subject

only for 15 students.

6. Results

0.1. The Average Effect of SES on Student Test Score Gains

Table 3 displays results for the estimated effect of SES on mathematics and reading test score gains.
Panel A and Panel B report results when mathematics and reading test score gains are the dependent
variable, respectively. All model specification include grade-by-year and student fixed effects, while
estimates in the second column of each panel adds controls for characteristics of students. Our
preferred model specification, as displayed in the third column of each panel, contains student fixed

effects, grade-by-year effects and time-varying student and school characteristics.

[Insert Table 3 Here]
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Models (1) through (6) show a positive, statistically significant average effect of SES on
student test score gains in mathematics and reading. Students registered in SES experienced
increases in test score gains of 0.088 standard deviations in mathematics and 0.076 standard
deviations in reading. However, using students identified as enrolled in SES is an imperfect strategy
to measure whether a student benefits from SES because students that registered for SES and those
students that registered for SES and attended tutoring services are considered the same.

As displayed in the bottom half of Table 3, Models (7) through (12) estimate the average
difference in mathematics or reading test score gains between students that attended at least one
tutoring session and students that never attended a tutoring session. The precision and magnitude
of the estimates are virtually identical when test score gains in mathematics provided the outcome
measure. Estimates from Models (10) through (12) further suggest that students that enrolled in
SES but did not attend a single tutoring session appear to be driving the positive SES treatment
effect in reading. The magnitude of the SES treatment effect is about half as large as models fitted
using registered and enrolled students, and the estimates for the SES treatment effect are no longer
significant at conventional levels. Subsequent tests do not reveal statistically meaningful test score
gain differences between students that enrolled for SES and those students that enrolled and
attended at least one tutoring session in either mathematics or reading.

A number of dynamics can help to explain these counterintuitive results. First, a
comparison of test scores in both the year prior to and the two years prior to a student enrolling in
SES reveals very few differences in mathematics score gains and levels. Although the same holds
true for reading two years prior to a student enrolling in SES, we find that students that enrolled but
did not attend SES performed noticeably worse in the year prior to enrollment than did students
that enrolled and attended SES. If this downward trajectory in test performance is associated with

test measurement error then students that enrolled in but did not attend SES achievement are likely
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to experience larger than expected gains during the following school year as their test scores return
to historical average.

Second, these results may be explained, in part, by parents’ opportunistic use of SES.
Anecdotally, some parents enroll their child in SES to induce desired behavior in their child; that is,
these parents threaten to send their child to after-school tutoring if their child doesn’t improve their
academic performance and/or change their attitude toward school. In a less draconian manner,
parents may enroll their child with an SES provider as a precautionary measure (if their child’s
academic performance continues to slip their child can start attending after-school tutoring
immediately) which can also motivate students to improve their academic performance." Another
plausible explanation is that not accounting for the content area in which a student receives tutoring

biases estimates, which is the focus of the analysis reported in the next section.

0.2. The Effect of SES on Student Test Score Gains by Content Area of Tutoring

Even though the plurality of students (n=0655) received tutoring in both reading and mathematics,
456 students received tutoring in reading only and 309 students received tutoring in mathematics
only. The measured impact of SES on mathematics (or reading) test score gains will be biased
downward when using the entire SES population because students who received tutoring in reading

(or mathematics) will dilute the treatment effect. We fit a more precise specification of our

11 Students that enrolled in but did not attend SES received out of school remedial services from another
venue, although this explanation is less likely given the social and economic conditions of the district and the
group of students under study. For example, 92.7 percent of students that enrolled with a SES provider but
did not attend a single tutoring session qualified for free lunch program (7.3 percent quality for reduce-price
lunch program). And, as reported by the United States Department of Agriculture (2008), children from
families with incomes at or below 130 percent of the poverty level are eligible for free meals. Those with
incomes between 130 percent and 185 percent of the poverty level are eligible for reduce-price meals, for
which students can be charged no more than 40 cents. For the 2008-09 school year, 130 percent of the
poverty level is $27,560 for a family of four (185 percent is $39,220) (USDA, 2009).
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preferred modeling strategy by incorporating data on the content area of tutoring received by a
student.

As displayed in Table 4, we introduced an additive term to distinguish the effects of
receiving tutoring in only one subject, or both subjects compared to only one subject. Model (2), for
example, measures the effect of receiving SES in mathematics only compared to receiving SES in
reading only. If a student is tutored in mathematics only, he receives the sum of the betas, which is
the equivalent to a 0.11 standard deviation increase in his mathematics score. The alternative
scenario, which is reported by Model (3), indicates receiving tutoring in mathematics only results in a
positive impact on test score gains in mathematics.

[Insert Table 4 Here]

Estimates displayed in Panel A of Table 4 further indicate that accounting for tutoring
content area provides a more accurate measure for the effect of SES on student test score gains.
Model (4), for example, compares the effects of SES in both subjects to the alternative of receiving
tutoring in one subject only. Note that the size of the SES effect in mathematics is slightly larger
than the baseline effect displayed in Model (1). The estimates in Panel B for reading display
coefficients in the expected direction, but with too much variation to gain statistical significance at
conventional levels.

There is error in the content area of tutoring measure. We do not know the relative weight
placed on each subject for students receiving tutoring in both mathematics and reading, nor can we
be absolutely certain that a student registered for tutoring in mathematics received tutoring only in
that subject. While tutors may offer academic support in subjects beyond those defined in their
students’ individual learning plan, more precise measures of the SES treatment effect are obtained
by limiting the regression sample to students who received tutoring in the subject of interest.

Interestingly, we also find that students do not experience positive spillover effects in reading (or
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mathematics) if they receive tutoring in mathematics (or reading) only, which offers additional

support of an actual association between SES and student achievement.

0.3. The Effect of SES on Student Test Score Gains by Student Attendance at SES

We explore additional ways to measure the effect of SES on student test scores using data
on student attendance as the indicator of interest. In select model specifications, student attendance
is captured as a continuous variable measuring the total number of tutoring hours served. Other
specifications used the percent of the allocated tutoring sessions attended which is also expressed as
a continuous variable.'”

As displayed in Table 5, there are moderate to large SES effects on student test score gains
in mathematics and small to moderate effects in reading. A student that attends the mean number
of tutoring hours is expected to increase his mathematics test score gain by 0.095 standard
deviations, while a student at the 95" percentile of total hours attended is projected to gain almost
one-fourth of a standard deviation more than expected. Although estimates reported in Model (3)
indicate a weaker but significant relationship between the total hours of SES attended and student
test score gains in reading, it suggests a student that attends the mean number of tutoring hours is
expected to increase his reading test score gain by 0.072 standard deviations.

[Insert Table 5 Here]

Estimates measured by the percent of available hours attended are similar in that a greater
intensity of tutoring is associated with greater standardized test score gains, but the magnitudes of
the estimates are noticeably larger. For example, a student that attends the mean percentage of

available tutoring is expected to experience an additional gain of 0.134 standard deviations in their

12 We also ran regressions investigating the effect of a quadratic form of total hours attended to determine if
the positive impact of attendance decreased with its growth, but the quadratic expression was statistically
insignificant.
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mathematics test score, which increases to 0.20 standard deviations for a student at the 95"
percentile of the SES attendance rate distribution.

Estimates reported in Models (2) and (4) may be biased upward if the percentage of
available SES hours attended proxies for unobserved time variant characteristics of an individual
student or that individual student’s school or home situation. For example, if student attributes such
as student motivation or academic press of parents varies from one year to the next, the coefficient
on the percentage of available SES hours attended is likely to capture at least part of the effect.

Even so, the analysis finds that the total number of hours attended is significantly related to

standardized test score gains in mathematics and reading, which further confirms the positive effect

of SES.

6.4. Moderators of the Effect of SES on Student Test Score Gains
By introducing a simple interaction term between a binary variable for attended SES and a binary
variable for a student characteristic, we conducted a series of exploratory analyses on the
relationship between student characteristics and the estimated effect of SES on student test score
gains. We first examine the heterogeneity of effects by student race, which is a salient topic given
the large and persistent gap in test scores between students of different racial backgrounds
(Clotfelter, Ladd, Vigdor, 20006; Stiefel, Schwartz, and Ellen, 2007; Hanushek and Rivkin, 2006), and
then turn attention to LEP status, special education status, gender, and, finally, prior ability."’

As displayed in Table 6, SES does not appear to disproportionately benefit a particular racial
group with the exception of the estimates from Model (6), which indicates that the test score gains

of Hispanic students that received tutoring in mathematics increased, on average, 0.15 standard

13 We do not investigate differential effects by socioeconomic status because a student must be eligible for

free lunch or reduced-price lunch to enroll with a provider, and more than 90 percent of students enrolled in
SES qualified for free lunch.
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deviations more in mathematics than non-Hispanic students enrolled in SES. Further, there are
notable changes in the direction of the sign and magnitude of the coefficient when accounting for
the content area in which a student received services.

[Insert Table 6 Here]

We explored a similar specification for students identified as LEP. As displayed in Table 7,
LEP students do not benefit more or less in mathematics from SES when compared to non-LEP
students that attended SES. Although estimates reported in Models (15) and (16) demonstrate that
they performed significantly worse in reading than non-LEP students, a negative effect is not
unexpected. LEP students are still developing their English proficiency and, according to several
SES coordinators, SES is a means to further develop language proficiency. Indeed, a simple logit
model not only predicts LEP students are much more likely to enroll in reading-focused tutoring,
but also that they are more likely to register and attend SES than their non-LEP peers.

We also explored a similar specification for students receiving special education services. As
displayed in Models (5) and (6), students receiving special education services experience test score
gains in mathematics approximately two-times larger than the expected gain for non-special
education students enrolled in SES. There are even larger differences when test score gains in
reading is the outcome variable. However, the large variability in the sampling distribution of special
education students results in the differences being insignificant.

[Insert Table 7 Here]

Another set of analyses examined differential SES treatment effects by student gender. We
find surprisingly strong effects on mathematics tutoring for female students. For example, as
reported in Models (9) and (10) of Table 7, female students experienced an average test score gain

increase in mathematics of approximate 0.12 standard deviations and .18 standard deviations,
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respectively. There were negligible differences in test score gains among male and female students
that attended SES as displayed in Models (11) and (12).

The last series of analyses examined whether tutoring services differentially benefitted lower-
or higher-achieving students. Students were categorized into quartiles based on their prior year’s
performance in that subject. This allows for the measurement of the SES treatment effect on a
specific group of students achieving at similar levels. As displayed in Table 8, we do not find a
differential effect of SES by a student’s prior level of achievement. Moreover, the estimates were
not sensitive to the categorization of prior ability (i.e., terciles, quintiles, or deciles).

[Insert Table 8 Here]

In total, SES tutoring does not appear to disproportionately benefit a particular ethnic group
or ability level. However, female students and students with disabilities disproportionately benefit
from participating in SES. These findings are qualified by the fact some of the sample sizes creep
toward the lower bound before stable parameter estimates become difficult to achieve. Thus it is

important for readers to interpret student subgroup findings cautiously.

0.5. The Cumnlative Efffects of SES Participation on Student Test Score Gains

We also examined if there is a student-SES maturation effect. That is, does a student’s
exposure to SES from one year to the next affects that student’s performance on the mathematics or
reading assessments? We construct two binary variables denoting whether a student is enrolled in
SES for the first time or is enrolled in SES for a second year. Perhaps strikingly, even after
accounting for the matriculation of students and movement of schools in and out of eligibility, very
few students attended SES for more than one year.

As displayed in Table 9, there is a large, cumulative effect of attending SES. Students

attending SES for more than one year experience, on average, a cumulative increase of 0.39 standard
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deviations and 0.48 standard deviations in their mathematics and reading test score gain,
respectively. These estimates of the cumulative effects of SES align with those reported by Zimmer
et al. (2007), as well as the evidence reported in evaluations of pre-NCLB after-school tutoring
initiatives (Welsh et al., 2002) and summer school programs (Borman et. al., 2002).

[Insert Table 9 Here]

6.6. Robustness Check

To explore the robustness of our preferred estimation strategy, we first compare the
performance of students enrolled in SES to future SES participants and then use propensity score
analysis to estimate the SES treatment effect. In terms of the former strategy, we identify future
participants defined as those students who were not yet eligible for SES but elected to enroll with a
provider when they became eligible in the following school year. Both the movement of schools in
and out of eligibility from year to year and the matriculation of students from elementary to middle
schools allows for the formation of these future participants.

Table 10 displays estimates from the future participants modeling strategy. The estimates of
the average SES treatment effect are slightly larger in magnitude when compared to estimates
reported for the baseline model. Test score gains in mathematics are approximately 0.18 standard
deviations greater for students enrolled in SES. Gains in reading are positive but still statistically
indistinguishable from zero at conventional levels of significance. Assuming the timing of SES
participation is not related to a student’s test score in the year immediately preceding enrolling in
SES, the future participants modeling strategy confirms estimates reported for our preferred
modeling strategy.

[Insert Table 10 Here]
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We also examine estimates of the SES treatment effect using propensity score analysis. As
displayed in Panels C and D of Table 10, there is a significant effect of SES on test score gains in
mathematics when measured by either the propensity score weights or stratification approach.
Using the propensity scores as weights in a regression equation predicts slightly smaller estimates of
the average SES treatment effect than the future participant analysis, while adjusting for covariates
through stratification produces noticeably smaller estimates (e.g., estimates using weights are, on
average, twice the size of the stratification estimates). Moreover, we find a weak negative effect of
SES on reading test score gains, which is markedly different from the estimates generated by analytic
strategies throughout this study even though readings scores tended to be statistically
indistinguishable from zero in virtually all models.

Table 11 reports estimates from a series of robustness checks to the choice of gain
specification. Models (3) to (8) and (13) to (18) enter prior achievement on the right-hand side of
the regression equation, where select specifications model prior achievement as a linear, quadratic or
cubic form. The dependent variable used in Models (9), (10), (19), and (20) was constructed by
dividing the distribution of the students’ prior year assessment scores into 20 equal intervals and
then calculation the mean and standard deviation of the test score gain for all students starting in a
particular interval. A student’s test score gain was standardized by taking the difference between
that student’s nominal gain and the mean gain of all students in the interval over the standard
deviation of all student gains in the interval.'* For the most part, estimates models using alternative
gain specifications are similar to those produced by our preferred modeling strategy.

[Insert Table 11 Here]

7. Conclusion

14 This approach is described in Hanushek et al (2005) and has been used by Springer (2007, 2008) and others.
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In this study, we examined the effect of SES on test score gains in mathematics and reading
and whether particular subgroups of students benefit more from tutoring services. Our preferred
analytic strategy employs a differences-in-differences estimation strategy, conditional on student,
grade and time fixed effects. We explored the robustness of these estimates by comparing student
test score gains between current and future SES participants. We also estimated the average SES
treatment effect using propensity score analysis.

Approximately one in five students eligible to receive SES actually signed-up for tutoring
services in a given school year. The average SES take-up rate falls from 21.0 percent of eligible
students to 14.7 percent of eligible students after limiting the sample to students who attended at
least one single tutoring session. Patterns of student attendance among those students enrolled in
SES vary considerably (i.e., the average student attends 67 percent of his tutoring sessions), which
lends support for examining the effect of SES on student test score gains by rate of attendance.

In terms of the average effect of SES on student test score gains, our preferred analytic
strategy consistently detects significant and positive effects of SES attendance on test score gains in
mathematics (0.09 standard deviations). Results in reading tended to be insignificant, however.
These findings are maintained when controlling for the percent and absolute hours of SES tutoring
sessions attended, with large positive effects for students receiving greater than 99 percent of their
allocated tutoring in mathematics (0.33 standard deviations), but no significant impact on reading
scores.

Our results further suggest that more precise measures of SES impact can be obtained by
limiting the modeling sample to students who received tutoring in the subject of interest. We also
find that the SES treatment effect also increases in the expected direction when controlling for the

content area of tutoring. Specifically, students receiving tutoring in mathematics experience score
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increases of 0.11 standard deviations, while those students receiving tutoring in reading experience
score increases of 0.09 (but without statistical significance).

SES is measured to have a significant cumulative impact on students, with mathematics
effect sizes of up to 0.39 standard deviations and 0.48 standard deviations for students receiving two
or more years of tutoring in mathematics and reading, respectively.'” SES also appears to
disproportionately benefit female students and students with disabilities. At the same time, we do
not find evidence of SES benefiting students belonging to a particular ethnic group or ability level,
where ability level is determined by the previous year’s quartile performance.

The measured, baseline treatment effect aligns with the findings from comparing students
who reveal an SES enrollment preference through future participation with their pre-enrollment
gains. This specification reveals statistically significant, positive effects of SES tutoring on student
test score gains in mathematics (0.13 standard deviations), and small, positive effects that are not
statistically significant in reading. In total, both approaches — which control for selection bias in
different ways — find moderate, statistically significant effects on mathematics test score gains and
positive, but statistically insignificant, results in reading test score gains.

Our findings are qualified on several dimensions. First, observational studies of this nature
are always susceptible to selectivity bias or other spurious relationships arising from events or
processes such as differential teacher effects. Second, we do not know the extent to which a student
actually received academically focused tutoring when he attended SES, nor do we know the quality
of those services. Third, even though most SES providers serve clients in urban school systems, it is
unclear if students enrolled in tutoring services and the services offered in the district under study

are similar to those of other districts throughout the nation.

15 The upper and lower 95 percent confidence interval bounds are .56 and .21 in mathematics and .68 and .28
in reading.
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Figure 1. Percentage of Eligible Student Population Enrolled in SES by School and Year
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