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ABSTRACT

There is growing concern that it is too difficult or costly to substantially improve the academic 
skills of children who are behind in school once they reach adolescence. But perhaps what we 
have tried in the past relies on the wrong interventions, failing to account for challenges like the 
increased variability in academic needs during adolescence, or heightened difficulty of classroom 
management. This study tests the effects of one intervention that tries to solve both problems by 
simplifying the teaching task: individualized, intensive, in-school tutoring. A key innovation by 
the non-profit we study (Saga Education) is to identify how to deliver “high-impact tutoring” at 
relatively low cost ($3,500 to $4,300 per participant per year). Our first randomized controlled 
trial (RCT) of Saga’s tutoring model with 2,633 9th and 10th grade students in Chicago public 
schools found participation increased math test scores by 0.16 standard deviations (SDs) and 
increased grades in math and non-math courses. We replicated these results in a separate RCT 
with 2,710 students and found even larger math test score impacts—0.37 SD—and similar grade 
impacts. These effects persist into future years, although estimates for high school graduation are 
imprecise. The treatment effects do not appear to be the result of a generic “mentoring effect” or 
of changes in social-emotional skills, but instead seem to be caused by changes in the instructional 
“technology” that students received. The estimated benefit-cost ratio is comparable to many 
successful model early-childhood programs.
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I. INTRODUCTION

Education is one of the American public’s top priorities, but both the data and public 

opinion suggest there is room for improvement―perhaps especially for adolescents.1 The failure 

to improve schooling outcomes at a pace to keep up with technological change has harmed 

economic growth, leading to a dramatic rise in the returns to schooling over time (Goldin and 

Katz, 2008). Long-term trends in test scores seem more encouraging for relatively younger than 

older students (Hanushek et al., 2020). Furthermore, disparities in achievement test scores 

between students who are academically succeeding versus struggling seem to grow rather than 

shrink as children progress through school (Cascio and Staiger, 2012). Studies of educational 

interventions for teens tend to yield much more disappointing results than of interventions for 

young children.2 And parents of public high school students are notably less satisfied with the 

schools their children attend than are parents of elementary-school children.3 

The relatively disappointing academic outcomes and interventions for teens relative to 

younger children has raised the concern that perhaps it is too late to substantially increase human 

capital and remediate disparities once children reach adolescence, due to causes that are 

fundamental and unavoidable. For example, developmental plasticity declines from early to 

1 See for example https://www.pewresearch.org/politics/2019/01/24/publics-2019-priorities-economy-health-care-
education-and-security-all-near-top-of-list/ and https://news.gallup.com/poll/1612/education.aspx  
2 For young children, examples include Perry Preschool (Schweinhart et al., 2005; Belfield et al., 2006; Heckman et 
al., 2010) and Carolina Abecedarian (Campbell et al., 2002; Barnett & Masse, 2007). A number of studies of state-
sponsored universal pre-K programs have used a research design that exploits a regression discontinuity in age (see 
for example Gormley & Phillips, 2008). For a discussion of some concerns about that design, and a review of the 
evidence on the federal Head Start program, see Ludwig and Phillips (2007) and Gibbs, Ludwig and Miller (2013). 
For excellent reviews of the literature for older children see Carneiro & Heckman (2003) or Heckman (2012). 
3 Data from the 2012 National Household Education Survey shows that in public school districts where the district 
assigns schools (as opposed to for instance choice districts), 66% of parents with children 5-10 are very satisfied 
with the school their child attends compared to 47% of those with children 14-18 (Cheng and Peterson  2017). 

https://www.pewresearch.org/politics/2019/01/24/publics-2019-priorities-economy-health-care-education-and-security-all-near-top-of-list/
https://www.pewresearch.org/politics/2019/01/24/publics-2019-priorities-economy-health-care-education-and-security-all-near-top-of-list/
https://news.gallup.com/poll/1612/education.aspx
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middle childhood, although may increase again during adolescence (Shonkoff & Phillips, 2000; 

Steinberg, 2014; Bonnie & Backes, 2019). Motivation becomes more challenging as students 

age, as reflected by increased prevalence of disruptive behaviors.4 The growing variability of 

academic achievement as children age means the variability of what students need within a given 

classroom is also heightened for older children (Cascio and Staiger, 2012). No wonder teachers 

report that the two most challenging parts of their job are individualizing instruction and 

classroom management.5 Thus Carneiro and Heckman’s (2003, p. 90) pessimistic conclusion: 

“The return to [human capital] investment in the young is apparently quite high; the return to 

investment in the old and less able is quite low.” 

The hypothesis tested in this paper is that the limited success of previous efforts to 

improve academic outcomes for adolescents is not because success is impossible, but rather 

because of a reliance in the past on the wrong intervention approach, or “technology.”6 In some 

sense an instructional technology that works with students of any age has long been known: 

intensive tutoring. This method of instruction dates back at least to the 15th century at Oxford. 

Randomized experiments comparing tutoring to classroom instruction confirm the former to be 

 
 
4 Disciplinary actions in school increase with age (https://nces.ed.gov/programs/raceindicators/indicator_RDA.asp). 
This is not just a function of changing disciplinary standards by schools since we also see increases in absences  
(https://www2.ed.gov/datastory/chronicabsenteeism.html) and arrests, including for serious offenses where 
presumably the discretion of police to arrest a suspect or not is relatively limited.  
5 For example in the School and Staffing Survey (SASS), 43% of new elementary school teachers and 47% of new 
secondary school teachers say they felt not at all prepared or only somewhat prepared to deal with classroom 
management; 41% of new elementary school teachers and 44% of new secondary-school teachers said they were 
unprepared or only somewhat prepared to differentiate instruction. (From original author tabulations of SASS data). 
6 Examples include generally disappointing studies of the Job Corps (Long et al., 1981), Catholic schools, which 
may increase graduation but do not seem to increase achievement test scores (Grogger and Neal, 2000, Altonji, 
Elder and Taber, 2005), and accountability or school voucher programs (Rouse and Barrow, 2006). Studies of 
increased school funding typically document the effects of changes across all grades, which makes it somewhat 
difficult to determine the impacts on adolescents specifically (see for example the review in Jackson, 2018). 

https://nces.ed.gov/programs/raceindicators/indicator_RDA.asp
https://www2.ed.gov/datastory/chronicabsenteeism.html
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“the best learning conditions we can devise” (Bloom, 1984, p. 4). The challenge to widespread 

implementation has not been a pedagogical problem so much as an economic one―that is, cost. 

The key insight behind the specific educational intervention we study here, developed by 

Saga Education, is that being a successful tutor requires fewer specialized skills and less on-the-

job-learning than does classroom teaching.7 This insight expands the applicant pool, and also 

means that the people hired―tutors—can be successful right away (rather than the usual three-

year learning curve for classroom teachers8). Saga therefore uses a very different HR model from 

regular education: It hires people to tutor for just one year for a modest stipend, as a sort of 

public service. Rather than boost teacher quality, which has been a key focus of much education 

policy, Saga simplifies what instructors are asked to do by changing the teaching task itself.  

We carried out two separate large-scale randomized controlled trials (RCTs) with 

thousands of teens who essentially formed a representative sample of students enrolled in some 

of Chicago’s (and hence America’s) most economically disadvantaged neighborhood schools. 

We focused on math because failing core math classes is a driver of dropout in Chicago 

(Allensworth and Easton, 2005), because math is so important for success in school and later 

earnings (Duncan et al., 2007), and because math skills for school-age children may be more 

responsive to school-based interventions than reading skills (e.g. Fryer, 2014, 2017). 

In the first RCT (“study 1”), our research team randomly assigned 2,633 male youths in 

summer 2013 who were rising 9th or 10th graders to a treatment group that was offered Saga 

7 At the time we initially started working with Saga tutoring they were part of the Match charter school organization 
of Boston, Massachusetts. In 2015, executives from Match Education spun off from Match to form SAGA Innovations, 
a national non-profit that aims to bring this tutoring model into traditional public school systems across the country. 
SAGA Innovations changed their name to Saga Education in 2019. 
8 See e.g. Rivkin, Hanushek and Kain, 2005; Boyd, Grossman, Lankford, Loeb and Wykoff, 2006; Clotfelter, Ladd 
and Vigdor, 2007 and 2010; Goldhaber, 2007; and Kane and Staiger, 2008. 
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tutoring or a control group that was not. Students were drawn from 12 CPS high schools mostly 

on the west and south sides of Chicago. After one year of program participation the intention-to-

treat effect (ITT) on standardized math achievement test scores is 0.08 standard deviations (SD), 

and the treatment-on-the-treated (TOT) effect is 0.16 SD. This gain is about what the average 

high school student learns in a year, so the intervention (roughly speaking) doubles the annual 

math test score gain.9 These gains in test scores do not appear to be the result of tutors narrowly 

teaching to the test; we also see a TOT effect on grades in regular classroom math courses equal 

to 0.56 points (on a 0 to 4-point scale), and a decline in math course failures of 49%. 

Motivated in part to see if these results could be replicated at this large scale, in the 

summer of 2014 we randomized a separate sample of 2,710 9th and 10th graders (“study 2”). The 

TOT effect on math scores after one year is roughly twice as large as in study 1 (0.37 SD). We 

also find sizable positive effects on math grades in study 2 similar to the findings for study 1. 

What is the mechanism behind these effects? Given that past efforts to improve meta-

cognition and social-emotional skills for adolescents and young adults have been more 

encouraging than efforts to improve academic skills (for example Blattman et al., 2017, Heller et 

al., 2017), one might wonder whether tutoring―which puts youth in close contact with a pro-

social adult every day―is just operating through a generic “mentoring effect.” But survey data 

show no detectable effects on whether youth report feeling close to or supported by adults in 

school or out of school, or on grit, conscientiousness, or locus of control. Nor do we find 

evidence consistent with the idea of classroom management being the key mechanism in the 

sense that the impacts are no larger in schools where disciplinary incidents in classrooms at 

 
 
9 Reardon (2011) finds in the NAEP that the average high school student’s scores in reading and math increase by 
around 0.6 to 0.7 standard deviations over 4 years, or approximately 0.15-0.18 standard deviations per year. 
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baseline are more common. We do find gains in whether students like math and care about their 

math grades―mediators closely tied to math instruction and achievement specifically. 

We also present suggestive findings consistent with, although certainly not definitive 

proof for, better ‘personalization’ of instruction as a relevant mechanism. Some studies find 

classroom teachers orient material towards the top third of the classroom (Bloom, 1984),10 which 

would suggest students at the bottom of the baseline achievement distribution might benefit most 

from personalized instruction with tutoring. But identification of this pathway is complicated by 

signs of potential ‘floor effects’ in the achievement tests administered by CPS. To explore floor 

effects (the possibility that students learn more math, but their skills are still below the easiest 

items included on a given test) we estimate heterogeneous treatment effects using the machine 

learning approach of Athey, Tibshirani and Wager (2019). About one-quarter of the sample have 

large gains in math grades, but no gain in math test scores, consistent with floor effects on the 

tests. (This could simply reflect increased effort, but we see no signs of that in survey data.) 

We then exploit the fact that we administered our own math tests as well, for which we 

have item-level data. When we rank-order items by difficulty and estimate effects for specific 

items we see suggestive (but imprecisely estimated) indications that students with below-median 

baseline scores gain most on the easiest items, while above-median students gain most on harder 

items. This suggestive result is consistent with Duflo et al.’s (2011) finding that personalization 

by tracking improved learning outcomes for students in both the top and bottom halves of the 

achievement distribution.11  

10 Previous research suggests there can be mismatches between the developmental needs of youth and their social 
environments, also called “stage-environment fit” (see Hunt, 1975; Eccles et al. 1993). The same sort of mismatch 
may occur for youths’ academic needs as well (see for example, Engel, Claessens and Finch 2012). 
11 See Figlio & Page, 2002 for a similar finding among initially lower-performing students in the US. 
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One way to read this study is as a program evaluation of an intervention that substantially 

improves learning of adolescents, at a cost of $3,500 to $4,300 per year per student.12 (By way of 

comparison average CPS spending per pupil is about $17,000 per year.)13 The ultimate cost 

effectiveness of the program depends on whether impacts persist and can help students who are 

behind get back up to grade level to engage effectively with regular classroom instruction, which 

affects whether students need this support consistently or just on a one-time basis. When we look 

at 11th grade outcomes, a year or two after tutoring, we see persistent gains in math test scores of 

0.22 SD (pooling study 1 and 2) and improved math grades of 0.18 GPA points. The point 

estimate for graduation is positive, 1.9 percentage points, but imprecisely estimated; we cannot 

rule out declines of up to 4.8 points or gains as large as 8.6 points. Our findings echo Banerjee et 

al. (2007)’s study in India of gains from substituting a simpler teaching task for teacher skill.14 

A second way to read this study is as a test of whether it is really too late to substantially 

improve academic outcomes of children who have reached adolescence. We find it is possible to 

perhaps double, or even triple, how much math students learn in a year, for something like one-

fifth of the average cost of schooling per pupil per year. These sizable gains are consistent with 

studies of ‘no-excuses’ charter schools for high school students, which, interestingly, also often 

12 At the time of this intervention (2013-2015) the per-pupil cost of Saga was approximately $3,800 with a 
defensible range of $3,500 to $4,300, as stated. Subsequently Saga has dropped its charge to districts from $3,800 
per-pupil (2013-2015) to $3,100 per-pupil (2015-2019) to now $1,800 per-pupil as of the time of release of this 
paper by obtaining an AmeriCorps subsidy of $15,000 per fellow and using a blended-learning model, in which the 
student:tutor ratio is 4:1 in lieu of 2:1 and students spend half their time on a learning platform, e.g. ALEKS. 
13 This is “operating expenditure” excluding summer school, adult education, capital expenditures and debt.  
https://www.illinoisreportcard.com/district.aspx?source=environment&source2=perstudentspending&Districtid=150
16299025  
14 Banerjee et al. (2007) found that assigning third and fourth graders in India who are far behind to receive 
instruction in remedial skills for two hours per day in a classroom of 15-20 students (who are thus fairly 
homogenous in academic level) increased test scores by around 0.60 SD. The instructors for these classes were 
women from the local community who were trained for just a short period of time and paid only $10-15 per month. 
The effects of a computer-assisted program that also individualized instruction were found to increase test scores by 
up to 0.47 SD after the second year of intervention, although impacts from both strategies were short-lived.  

https://www.illinoisreportcard.com/district.aspx?source=environment&source2=perstudentspending&Districtid=15016299025
https://www.illinoisreportcard.com/district.aspx?source=environment&source2=perstudentspending&Districtid=15016299025
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include intensive or ‘high-impact’ tutoring as an element (Fryer, 2014; Fryer 2015; Dobbie & 

Fryer, 2019; Tuttle, et al., 2015; Angrist et al., 2016; Abdulkadiroglu, et al., 2017). Extrapolating 

these test score impacts to earnings gains based on the best estimates in the literature implies that 

the benefit-cost ratio of the program is comparable to both exemplar early childhood model 

programs, like the Abecedarian Project and the Perry Preschool Program, as well as larger-scale 

efforts to improve outcomes for younger children such as the Tennessee Star class size reduction 

experiment.  

II. THE INTERVENTION 

We selected Saga Education’s tutoring model to study in part because of its low cost 

relative to the intensity of the intervention. One major innovation is the recognition that the 

instructional “technology” of tutoring is quite different from that of a classroom, and so the set of 

skills and experiences required to be a successful tutor are plausibly different. Compared to 

regular classroom instruction, one-on-one (or two-on-one) tutoring greatly simplifies the 

instructional task, expanding the set of people who can be successful instructors. Teachers learn 

how to individualize instruction or handle classroom management usually through extensive pre-

service pedagogical training as well as on-the-job learning over the first several years of 

classroom teaching (Rockoff, 2004; Clotfelter et al., 2010; Henry et al., 2011). But the 

importance of that prior training and on-the-job learning is plausibly less for tutoring. 

This insight enables Saga to expand the applicant pool to anyone who both possesses 

strong math skills and are willing to devote one year to public service―for example, recent 

college graduates, retirees or career-switchers―but do not necessarily have extensive prior 

training or experience as teachers. A school in which classroom teachers cycle in and out after 

just one year would face significant challenges. As with other public service programs the tutors 
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were willing to serve at relatively low wages ($16,000 plus benefits for the nine-month academic 

year during the study period, $20,000 plus benefits today). As with Banerjee et al. (2007), Saga 

substitutes a very different teaching method for many dimensions of what previous studies call 

“teacher skill” or “quality” (such as teaching experience or extensive pedagogical training). This 

substitution makes high-dosage tutoring more feasible from a cost perspective. 

The tutors were mostly recent college graduates hired because they had both strong math 

skills (according to Saga’s screening assessment) and strong interpersonal skills (as revealed by 

interviews that also involved delivering a mock tutoring session). Hired tutors have higher SAT 

scores than what other studies have reported for big-city public school classroom teachers (Jacob 

et al., 2018).15 But Saga tutors neither had formal teacher training nor were licensed Illinois 

teachers. The Saga intervention is similar in spirit to how charters often hire teachers with less 

experience and formal teaching credentials than normal public schools in exchange for smaller 

class sizes (Lake, Bowen, & Demeritt, 2012). Saga hired 139 total tutors across both study years 

out of an estimated pool of approximately 1,200 applicants. Roughly half of tutors hired were 

Black or Latinx, and approximately 50% were female.16 We do not know how many tutors it 

would be possible to hire before effectiveness declines, but over this range there is little 

difference between tutors at the top vs. bottom of Saga’s ranked hiring list (Davis et al., 2017). 

For our study 1, described further below, Saga delivered this tutoring intervention in CPS 

starting in the 2013-14 academic year (AY). Each tutor participated in approximately 100 hours 

15 A comparison of Saga Tutors SAT scores from AY2016-17 and AY2017-18 in Chicago reveals that average math 
SAT scores were 707 compared with the average math SAT scores for new NYC teachers of 613 reported in 
Rockoff, Jacob, Kane, and Staiger (2008). We see similar patterns for English scores.
 

16 Of the 54 Saga tutors hired for study 1 in AY2013-14, 18 were Black and 8 were Latinx. Nineteen tutors spoke 
fluent Spanish, and every school with a high proportion of Spanish speakers had multiple bilingual tutors. Of the 
85 Saga tutors hired in AY2014-15, 23 were Black, 9 were Latinx and about a quarter spoke fluent Spanish. There 
was also a significant increase in the percentage of tutors with advanced degrees for the second year, with nearly 
20% of tutors possessing an advanced degree, in comparison to 7% in AY2013-14.   
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of training prior to the start of the school year (full-time for four weeks during the summer). 

Students―as part of their regular class schedule―were assigned to participate in a tutoring 

session for one class period every day in addition to their regular math class. For study 2 

participants, tutoring typically replaced an elective course such as art or physical education. For 

study 1 9th -graders―i.e., the majority of the study 1 sample―tutoring replaced a second hour of 

Algebra (“double-dose”). This comparison is important to keep in mind when interpreting results 

from study 1 versus study 2. The total Saga contact hours could be up to 140 per year. Each tutor 

worked with two students at a time during each session, focusing on Saga’s Algebra curriculum, 

but teaching foundational mathematics skills where needed to access these Algebraic concepts. 

Study 1 provided students with up to two years of intervention, whereas study 2 ran for one year. 

Each Saga class period in general followed a set routine. A student would first do four to 

five minutes of warm-up problems before receiving 40 minutes of tutoring on material tailored to 

that student. Finally, the student would complete one to three problems designed to assess 

understanding of the material covered during the class period. So, about half of each session 

focused on remediating skill deficits, for which Saga developed its own curriculum, and the other 

half was tied to what students were learning in their regular math classrooms.17 Saga used 

frequent internal formative assessments of student progress to individualize instruction.18 In 

addition, Saga site directors worked with mathematics teachers on a weekly basis to understand 

what standards were being taught in mainstream math classes so the Saga tutorial covered 

 
 
17 For the Fryer study, the tutoring curriculum was reverse-engineered from Texas state standards by Fryer’s EdLabs. 
For this project, an Illinois-certified math teacher helped develop curricula based on Illinois state standards.   
18 These include one- to three-question mini-assessments of the day’s lesson, which allows the tutor to revise the next 
day’s lesson based on the prior day’s learning; tests before and after each of the seven to 10 “course units” Saga has 
divided the year up into, which show tutors how much review time to allow for the first two-three weeks of the next 
unit); 80 item quarterly proficiency assessments, which tutors use to target areas to work on until the student scores at 
least 90%; and site-specific norm-referenced tests (which will involve interim assessments of the tests CPS uses).    
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complementary concepts. Saga tutors also discussed general study skills with students as part of 

the formal program (such as structuring how to approach a difficult problem by breaking it 

down), as well as through informal discussions. Tutors taught six periods a day, and each school 

was overseen by a site director who handled behavioral issues in the tutoring room and 

communication with school staff, and offered daily feedback and professional development.19  

The control group in our study sample was eligible for all the status quo supports in the 

CPS high schools in our study. These services include No Child Left Behind (NCLB) funded 

supplemental educational services (SES) tutoring, which is of much lower dosage than Saga 

tutoring (and without the same structure, curriculum, or supervision). For example, for study 1 

we estimate about 25% of control students in our schools received SES tutoring, which involves 

21 hours of writing tutoring per year and 20 hours of math tutoring (i.e., a bit over one-half hour 

per week of math tutoring, compared to 45-50 minutes per day with Saga); previous non-

experimental studies of SES tutoring in Chicago find little detectable effect on math scores.20 

While these schools include a variety of other programs (both treatment and control groups are 

eligible for these other programs) none of them focus on academic skills the way Saga does.21   

Fryer (2014) examined the effects of Saga tutoring as part of his larger study introducing 

five elements of successful ‘no excuses’ charter school practices into public schools in Houston 

19 Each site director has some combination of relevant experience, including math teaching / tutoring, mentoring, 
program direction, nonprofit management, public speaking, and training of adults, and is trained in the Saga 
model. Tutors complete a daily report to the site director; here, they note each student’s progress and convey any 
issues.  
20 The most recent evaluation of SES in Chicago is for 2005-6  
(http://sesiq2.wceruw.org/documents/chicago_ses.pdf). During 2005-6 school year, around 24 percent of all eligible 
Chicago Public School students (about 70% of students who applied for SES services) received SES services.  
21 Eight of the schools also include GEAR UP services, which focus on preparing for college (essay writing and 
ACT prep). Four schools include Youth Guidance’s Project Prepare, another college-readiness program (see https://
www.youth-guidance.org/youth-workforce-development/#projectprepare), four of the schools provide Peace 
Circles to help youth resolve disputes, 11 of the schools include the Mikva Challenge, which focuses on civic 
education (http://www.mikvachallenge.org/), and one school includes buildOn, which focuses on involving youth 
in community service (https://www.buildon.org/our-work/buildon-us/). 

http://sesiq2.wceruw.org/documents/chicago_ses.pdf
https://www.youth-guidance.org/youth-workforce-development/#projectprepare
http://www.mikvachallenge.org/
http://www.buildon.org/afterschool-service/chicago/
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and several other districts.22 Saga tutoring did not appear to have large effects on test scores 

among 6th grade students beyond the effects of the other charter practices, but did appear to have 

more pronounced effects on test scores among 9th grade students, on the order of 0.32 SD, 

although high schools could not be randomly assigned.23  

III. DATA, RANDOMIZATION AND STUDY SAMPLES

A. Data

One way we measure academic performance is from longitudinal student-level records

maintained by CPS. They capture basic demographics, enrollment, attendance, grades in each 

course, and disciplinary actions. These data also include achievement test scores for the exams 

that CPS administered to 9th and 10th graders in our study years―the 9th grade EXPLORE and 

10th grade PLAN tests, which are developed by ACT, Inc. We have these CPS data at baseline 

for all students in our two study samples. There is some missingness in post-randomization data 

(Appendix Table 1), which for school attendance equals 4.4% for controls and 6.2% for 

treatment, and somewhat higher for grades (14.6% vs. 14.8%) and test scores (29.8% vs. 29.5%), 

presumably in part because of a combination of students dropping out, transferring to suburban 

or private schools, and missing school on testing days. Attrition rates are similar for study 2. 

Treatment-control differences in missingness are not statistically significant. 

22 Four of the five charter school reforms―increased instructional time, replacing almost all principals and half of 
teachers, frequent formative assessments, and a culture of high expectations―were administered in all grades, while 
tutoring in math was given only to students in selected grades for cost reasons in the main Houston study. 
23 For older students a quasi-experimental design was used that exploited whether students were enrolled in a 
treatment school during the pre-treatment year or were zoned to be in that school. The contrast in math gains 
between grades that received tutoring (6th and 9th) versus did not (7th and 10th) was on the order of 0.09 to 0.40 SD. 
Separately, Fryer and Howard-Noveck (2020) study the effects of high-dosage reading tutoring for middle-school 
students and find statistically significant gains in attendance but not reading scores overall, although for Black 
students specifically reading scores increased by 0.09 SD. 
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From Saga we obtained tutoring attendance records, tutor characteristics, and student 

scores on Saga’s own internal math assessments. To measure effects on criminal behavior, we 

used juvenile justice and adult criminal justice arrest data from the Chicago Police Department. 

Our final data source comes from two waves of in-person surveys carried out for our 

research team by the Institute for Social Research (ISR) at the University of Michigan. We draw 

on existing survey questions that have been used in previous studies of youth, including the 

Moving to Opportunity survey.24 The first wave of surveys was carried out for the study 1 

sample mostly in May-June of study year 1, with some surveys in early fall of study year 2. We 

selected a sub-sample of 881 youth and surveyed 663 for effective response rates of 88.2% for 

treatment students and 90.6% for control students.25 We carried out another wave of in-person 

surveys with 1,238 youth in the study 1 sample in the fall after the second intervention year 

(2014-15), with effective response rates of 90.1% for the treatment group and 89.1% for controls. 

These surveys also included math achievement tests that we administered to help mitigate 

missingness in the CPS test data. These additional math tests were based mostly on items from 

the achievement tests generated for the US Department of Education’s NELS:88 8th grade wave. 

We supplemented the 8th grade NELS:88 math questions with items from the 5th grade wave of 

the Early Childhood Longitudinal Sample math assessment to broaden the range of math topics 

the assessment covered to help address possible “floor effects.”26 We return to this point below. 

B. Sample selection and randomization

24 See https://www.nber.org/mtopublic/ 
25 ISR used two-phase sampling: after interviewing 70% of the survey sample frame they selected a random sub-
sample for intensive follow-up. Our analyses employ sampling weights to account for this design. 
26 We had the Educational Testing Service (ETS), which designed the tests for the NELS:88, run three-parameter item 
response theory (IRT) models (Lord, 1980) on math test score results to allow us to create scale scores and also place 
the students in our study in the NELS metric so that we could compare to the NELS sample.  

https://www.nber.org/mtopublic/
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We invited 30 of the larger high schools in CPS to a briefing about the study. Of those 

30, 12 schools, primarily located on the south and west sides of Chicago, signed up to participate 

in study 1. Over the summer, we used administrative data to identify male students expected to 

attend each school that fall. Because Saga Education’s tutoring capacity varied by school and 

sometimes by grade, we carried out random assignment conditional on school-by-grade 

“randomization blocks” and varied the probability of assignment to the treatment condition 

across randomization blocks.27 All analyses control for randomization-block fixed effects. We 

randomized a total of 2,633 students for study 1 starting the summer before the program year, 

with 2,103 of those randomized showing up in study schools that fall. This represents 86.4% of 

the 2,434 total 9th and 10th grade male students enrolled in our study schools.  

In our study 1 schools we also independently randomized students in the sample to 

receive the meta-cognitive intervention studied in Heller et al. (2017), Youth Guidance’s 

Becoming a Man (BAM) program. Because that randomization was independent of assignment 

to Saga tutoring, controlling or not controlling for BAM assignment has no impact on the 

estimates of Saga effects reported here. Those BAM results are reported in Bhatt et al. (2021). 

For study 2, we randomized a sample of 2,645 students in 15 schools (12 of which were 

also in study 1).28 Study 2 students included a new cohort of incoming 9th grade male students in 

14 schools, a cohort of 9th and 10th grade male students in one school, and a cohort of 9th and 10th 

grade girls in seven schools.29 Of those randomized starting in the summer before the program 

27 Most randomization blocks had treatment-assignment probability between 0.45 and 0.60 (range 0.25 to 0.73). 
28 For study 2 we randomized a total of 2,710 students. However, due to student mobility and other factors N=65 
students were randomized into study 2 twice, resulting in the 2,645 “unique” students randomized noted here. See 
Table 1 for more details on this. 
29 The range of treatment-assignment probabilities across blocks in study 2 was 0.44 to 0.80. 
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year, 1,823 (69%) wound up attending a study 2 school.30  The number of randomized students 

who showed up at these study schools comprised 36% of the 5,068 total 9th and 10th grade 

students enrolled in study 2 schools.  

C. Sample Characteristics

Table 1 provides some context for our study sample. The average test score on the

EXPLORE and PLAN tests among all CPS students is close to the national median. CPS 

administered some of these tests in the spring, but they are normed against U.S. students taking 

fall tests, so CPS students had more days of school before the test than the national sample used 

to generate the percentiles. In comparison, the average test scores of students in our study 

schools are 9 to 12 percentile points lower than the CPS average. Looking within the study 

schools, the specific students in the study have similar average test scores to the schoolwide 

averages of the schools they attend. The implication is our sample has scores below the CPS 

average, in contrast to many studies of ‘no excuses’ charters where applicants tend to have 

slightly better baseline scores than the host school system (e.g., Angrist et al., 2013). 

Table 2 shows that the study 1 sample is split about evenly between Black and Latinx 

youth. Almost 90% are eligible for free or reduced lunch (FRL). The average GPA the year 

before our study was 2.11 on a 4-point scale. The study 2 sample is similar on these 

characteristics but included more Black and fewer Latinx students (and included female 

students). Randomization appears to have been successful. We carry out an F-test of the null 

hypothesis that baseline characteristics are jointly the same across treatment and control groups 

30 The study sample includes 629 girls who showed up at the study 2 schools (out of 799 randomly assigned), which 
equals 26.4% of all 9th and 10th grade female students in these schools, and 1,194 male students who showed up in 
study 2 schools (out of 1,847 randomly assigned), which accounts for 44.5% of the total 9th and 10th grade male 
students in our study schools.  
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by regressing a treatment-group indicator against all variables in Table 2, separately for studies 1 

and 2, controlling for randomization blocks. The p-value for study 1 is p=0.832, and for study 2 

is p=0.893.  

IV. ANALYSIS PLAN

Because of our randomized experimental design, our analysis plan is straightforward. We 

estimate both the intent-to-treat (ITT) effect and the effect of treatment-on-the-treated (TOT). 

The ITT estimate comes from estimating equation (1):  

(1) 𝑌𝑌𝑖𝑖 =  𝜋𝜋0 +  𝜋𝜋1𝑍𝑍𝑖𝑖 + 𝑋𝑋𝑖𝑖𝜋𝜋2  + 𝐵𝐵𝑖𝑖  +  𝜀𝜀𝑖𝑖

where 𝑌𝑌𝑖𝑖  is an outcome for student i measured after random assignment, 𝑍𝑍𝑖𝑖 is an indicator for 

having been offered Saga tutoring, 𝐵𝐵𝑖𝑖 is a full set of randomization block fixed effects, 𝜀𝜀𝑖𝑖 is a 

random error term, and 𝑋𝑋𝑖𝑖 is a set of baseline controls to improve precision.31 To ensure the 

standard errors we calculate are not misleadingly small as an artifact of finite sampling issues 

(Young, 2019), we also report p-values from a non-parametric permutation test (Efron & 

Tibshirani, 1993). We randomly re-assigned the treatment indicator 𝑃𝑃 = 100,000 times, storing 

the t-test statistic (T) in each replication, then calculating the share of replications where this 

exceeds the t-test statistic from using actual treatment assignment, T*, or 1
𝑃𝑃
∑ 𝐼𝐼(|𝑇𝑇| > |𝑇𝑇∗|𝑃𝑃
𝑖𝑖=1 ).32 

While missingness of outcomes is balanced across treatment and control, as a sensitivity 

analysis we show results that use multiple imputation to fill in missing values. These methods 

assume outcomes are missing at random (MAR), i.e. values are unrelated to missingness 

31 These include test scores from the previous year and, in some models, also include age and grade fixed effects, free 
or reduced lunch status indicators, an indicator for having a learning disability, indicators for black and Latinx, and 
the following academic measures measured in the 2012-13 and 2013-14 baseline school year: GPA, days absent, days 
out-of-school suspension, days in-school suspension, and number of disciplinary incidents. 
32 For the permutation tests for the effects of treatment on the treated (TOT), described below, we randomly re-
assign both the endogenous variable for actual treatment participation (D) and treatment assignment (Z). 



18 

conditional on observed covariates. We also estimate a quantile regression on median test scores 

and impute arbitrarily low scores (zeros) to students missing tests, given baseline data suggest 

those with missing tests are disproportionately students with low baseline test scores and grades.  

To estimate the treatment-on-the-treated (TOT) effect we use random assignment (Zi) as 

an instrumental variable (IV) for participation (Di), as in equations (2) and (3) (Angrist, Imbens 

& Rubin, 1996; Bloom, 1984). The first-stage equation is: 

(2) 𝐷𝐷𝑖𝑖 =  𝛾𝛾0 +  𝛾𝛾1𝑍𝑍𝑖𝑖 + 𝑋𝑋𝑖𝑖𝛾𝛾2  +  𝐵𝐵𝑖𝑖  +  𝜇𝜇𝑖𝑖

where D is an indicator for having participated in Saga tutoring (defined as having participated in 

at least one Saga tutoring session), the 𝛾𝛾’s are parameters to be estimated, 𝜇𝜇 is a random error 

term, and all other variables are defined as above. The relationship of interest is: 

(3) 𝑌𝑌𝑖𝑖 =  𝛽𝛽0 +  𝛽𝛽1𝐷𝐷𝑖𝑖 + 𝑋𝑋𝑖𝑖𝛽𝛽2  +  𝐵𝐵𝑖𝑖  +  𝜗𝜗𝑖𝑖

The identifying assumption here is that treatment assignment has no effect on the 

outcomes of those assigned to treatment who do not participate. Below we discuss what evidence 

we have about one potential threat to this, the stable unit treatment value assumption (SUTVA). 

The IV estimate for the parameter 𝛽𝛽1 in equation (3) is essentially a ratio of two ITT 

estimates―the ITT effect on the outcome of interest in the numerator, and the ITT effect on 

participation in the denominator. 

The final methodological issue has to do with statistical inference in the presence of 

multiple testing. We group our outcomes into four different “families” that we expect to be 

affected in a similar way by the intervention: (1) mathematics achievement; (2) achievement in 

other academic subjects; (3) school behavior; and (4) out-of-school behavior (arrests). We 
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calculate the false discovery rate (FDR) q-value, which is the share of significant estimates 

within a family that are expected to be false positives (Benjamini and Hochberg 1995).33  

V. MAIN RESULTS

A. Impacts from one year of intervention

The participation rate of study 1 youth in year 1 (defined as receipt of any Saga tutoring 

at all) was 40.2% for those assigned to treatment and 1.1% for controls, and for study 2 was 

36.9% for the treatment group and 7.8% for controls. The most common reasons for non-

participation among those assigned to programming were: (1) we randomized students over the 

summer and then they did not wind up attending the expected study school (this was true of 

20.1% of the study 1 sample and 31.1% of the study 2 sample), or (2) the student had a 

scheduling conflict with a different required class and could not add Saga tutoring as a class in 

their schedule.34 It was rare for students to either decline Saga or ask to be rescheduled out if it 

had been added to their schedule by default.  

Table 3 shows the ITT effect in study 1 on math achievement test scores (EXPLORE and 

PLAN tests) equals 0.082 standard deviations (SD), with a TOT effect of 0.16 SD. One potential 

concern is that perhaps the tutors are just “teaching to the tests” rather than building broad 

knowledge. So it is notable that we see changes in math grades as well, with a TOT impact of 

0.56 points on a 1-4 GPA scale, relative to the control complier mean (CCM) of 1.63; this 

represents a change of about a C- to a C+.35  We also estimate a decline in percent of math 

courses failed of 49% of the CCM (-0.087 / 0.179). Other evidence that the treatment effects are 

33 The results are similar if we use the method from Benjamini, Krieger and Yekutieli (2006).  
34 This was most likely to be true for 10th graders, who tend to have less schedule flexibility than 9th graders, who
could replace their second 9th grade algebra “double dose” section with tutoring in study 1.  
35 The College Board lists a 1.7 GPA as C-, 2.0 as C and 2.3 as C+. How to Convert Your GPA to a 4.0 Scale
(collegeboard.org) 

https://pages.collegeboard.org/how-to-convert-gpa-4.0-scale
https://pages.collegeboard.org/how-to-convert-gpa-4.0-scale
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not the result of tutors teaching narrowly to the primary CPS accountability tests is that we find 

TOT effects of 0.19 SD on the math tests we had ISR administer on our behalf (and which 

teachers, tutors and students did not know would happen in advance). These impacts are 

statistically significant with respect to the p-value, calculated using either analytic standard 

errors (Table 3) or a permutation test (see appendix Table 2), as well as with respect to the FDR 

q-value that accounts for the number of tests in this family of outcomes (with the exception of

the math test we gave, with q-value = 0.058). 

The second panel of Table 3 shows that tutoring seems to have some positive spillovers 

on outcomes in other subject areas. Reading test scores do not show significant impacts but the 

TOT effect on grades in non-math courses was 0.20 points (relative to a CCM of 1.72) and 

percentage of courses failed in non-math classes are cut by 23% (-0.056/0.22). There do not 

seem to be any detectable spillovers to behavioral outcomes, as shown in the final two panels of 

Table 3. However, some of the estimated effects on arrests are large relative to the control 

means, though they are not statistically significant. We return to this below. 

Table 4 suggests the learning gains experienced by students in study 1 are not statistical 

flukes, or the result of some unusually good program implementation that cannot be replicated, 

since the effects are at least as large in study 2. The TOT effects are a 0.37 SD increase on the 

EXPLORE and PLAN math tests, a 0.42 point increase in math grades (relative to a CCM of 

1.79), and a 44 percent decline (-0.082/0.187) of math courses failed. There are no statistically 

significant indications of spillovers on non-math courses once we account for multiple testing. 

We see proportionately large changes in arrests, but they are not statistically significant once we 

account for the number of hypotheses we are testing within that family of outcomes. 
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Table 5 reports the results of pooling together the year 1 data from studies 1 and 2 to 

improve statistical power. In the pooled sample, the TOT estimate is a 0.26 SD increase in math 

test scores, a 0.52 point increase in math GPA relative to a CCM of 1.67, and a decline of 0.09 in 

percentage of math courses failed, equal to 47% of the CCM. Pooling the two studies is 

particularly valuable for detecting effects on outcomes that were not the primary target of the 

math tutoring intervention. However even with this added power, the proportionately large 

changes in measures like arrests and out-of-school suspensions are not quite significant.  

B. Effects from two years of intervention 

Our study 1 cohort was able to participate in up to two years of the intervention, which 

raises the question of whether the gains from tutoring each year are cumulative. One challenge is 

that, for year 2, the experiment cleanly identifies the ITT effect, but cannot by itself tell us how 

much of the ITT effect at the end of year 2 is due to gains among treatment youth who received 

tutoring just in year 1 versus in both years 1 and 2. This challenge stems from the fact that we 

did not randomly assign dosage duration.  

However, we can logically bound the possible effects. At one extreme, if there was no 

persistence in effects of year 1 participation on year 2 test scores, the year 2 test score ITT is due 

entirely to year 2 participation. In this case, the effect of two years of Saga can be estimated as a 

TOT where participation is defined as receiving Saga tutoring in year 2. This estimate is 

presented in the column labeled “Effect of Treatment in Year 2 on Treated (TOT)” in Table 6, 

and is equal to 0.84 SD. At the other extreme, if there is no fade out of effects of year 1 

participation, the effect of two years of SAGA can be estimated by a TOT where participation is 

defined as receiving Saga tutoring in either year 1 or year 2, or both years. This estimate is 

shown in table 6 in the column labeled “Effect of Treatment in Year 1 and/or Year 2 on Treated 
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(TOT)” and is equal to 0.30 SD. The true effect of two years of Saga should be in between these 

two bounds. The results suggest the effects are at the least additive in years of participation, and 

perhaps more-than-additive as models of dynamic complementarities in learning would suggest. 

Table 7 provides a different look at the effects of two years of intervention on risky 

behavior and crime victimization, using data from the second wave of surveys to study 1 youth 

given in the fall after year 2 of the program. We focus on the ITT, but the TOT can be calculated 

using the bounds described above. We can see in Panel A that there is a reduction in alcohol use 

that is statistically significant. We also see suggestive reductions in use of drugs (other than 

marijuana) and seriously hurting someone in a fight, though these are not statistically significant 

once we account for the number of hypotheses being tested here. There are no detectable effects 

on the other measures.  

C. Longer-Term Effects  

Do the effects we measure fade out, persist, or grow over time? Table 8 pools together 

data from studies 1 and 2 (for improved power) and examines impacts for students as measured 

in what would be each student’s 11th grade year if they were not retained in grade. Interpretation 

of these results could be complicated if there are treatment-control differences in grade retention, 

but we can rule out effects on this outcome of any larger than plus or minus 2 percentage points 

in ITT terms. We see TOT effects on math test scores in 11th grade of 0.22 SD, about the same 

size as the pooled impact measured at the end of one year of programming, and the TOT on math 

grades is 0.18 GPA points, about 35% of the year one effect. 

 Table 9 shows that the estimated TOT effect on graduating on time from high school, 

pooling the study 1 and 2 samples again, is positive 1.9 percentage points relative to a CCM of 

77.2%, but this is imprecisely estimated. The standard error of 3.4 percentage points means we 
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cannot rule out a decline in graduation rates as large as -4.8 percentage points or an increase as 

large as +8.6 points.36 The point estimate for the effects of tutoring on graduation is close to the 

effect we might expect just from higher math test scores alone. This comes from multiplying the 

experimental impact on math test scores (0.26 SD from Table 5) by the coefficient of a non-

experimental regression of graduating on time on 9th grade math test scores controlling for 

student characteristics. That exercise suggests higher test scores would boost graduation by 3.0 

percentage points, well within the confidence interval around our estimated effect of the 

intervention on graduation directly.37 

D. Robustness checks and extensions 

The estimated effects on math outcomes we measure are robust to a range of estimation 

decisions; the non-math GPA result (but not classes failed in non-math subjects) is somewhat 

more sensitive to these choices. Appendix Table 11 shows what happens when we change the set 

of baseline covariates we control for in our regression, while Appendix Tables 12 and 13 show 

the results if we drop from the analysis sample students we thought would be in our study 

schools during the summer months when we carried out random assignment but wound up not 

showing up at those schools in the fall. Appendix Tables 14 and 15 show the results using 

multiple imputation for missing outcomes and, for continuous outcomes, quantile regression 

where missing values are imputed arbitrarily low (in this case, zero) values. 

The counterfactual condition in our study is easiest to describe for those students enrolled 

in 9th grade; for them, the most common alternative to Saga tutoring is the second period of 

 
 
36 Results for the study 1 and 2 cohorts separately are in Appendix Tables 8 and 9, while results for the pooled 
cohorts and the full set of graduation outcomes that can be calculated using the CPS data are in Appendix Table 10. 
37 That regression uses data on N=24,782 students in 9th grade in AY2013-14 for whom we have valid test scores 
and later graduation outcomes (82% of the total cohort of AY2013-14 9th graders). The coefficient on 9th grade math 
scores in that regression equals 0.116. 
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“double dose” algebra provided as part of the regular CPS curriculum in a standard classroom 

setting. In contrast, as noted above, for 10th graders the counterfactual treatment is whatever 

elective a student chose not to take. Appendix Table 16 shows results for 9th graders are similar 

to those from the pooled sample of 9th and 10th graders, consistent with the findings of Nomi and 

Allensworth (2009) suggesting the effects of CPS double dose algebra are limited. Appendix 

Table 17 replicates this analysis for the sample of 10th graders pooled from both studies.  

The comparison of year 1 impacts of study 1 versus study 2 is complicated somewhat by 

the fact that study 2 includes female as well as male students. Appendix Table 18 shows that the 

results for female students are not so different from those of the full study 2 results that pool 

males and females together. (For completeness Appendix Table 19 presents results for males 

only, pooling together data from studies 1 and 2.) 

The racial / ethnic composition of the study 1 sample is also fairly different from the 

study 2 sample; 46% of the study 1 sample are Black students, while in study 2, 64% of students 

are Black. We test the interaction of treatment with student race/ethnicity but do not see 

differential treatment effects for Black and Latinx students (Appendix Tables 21 and 22 present 

the pooled ITT and TOT results for this subsample of students, respectively). 

Finally, the SUTVA assumption could be violated if tutoring has some spillover effects 

on control students, for example if control students see benefits of higher-achieving peers. If 

control students are most affected when exposed to relatively more higher-achieving peers, then 

our estimated effect of tutoring on student learning outcomes should be inversely related to the 

share of students assigned to treatment within each of our randomization blocks. Figure 1 plots 

these randomization-block-specific treatment assignment rates against block-specific TOT 

effects. We see that the treatment effect actually seems to increase (rather than decrease) with 
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larger share of individuals within a block who are randomized to treatment. This is the opposite 

relationship we would expect if control group students were benefitting from positive spillovers, 

and so at least under this test we do not see evidence for violation of the SUTVA assumption. 

VI. MECHANISMS

In this section we explore patterns of impacts across schools, across students, and across 

specific items on the math achievement tests, in order to learn more about mechanisms.  

A. Is this an academic or non-academic intervention?

Given the positive effects this tutoring intervention seems to have, and given that most

previous academic interventions for economically disadvantaged teenagers yield disappointing 

results while many non-academic ones yield encouraging results (for example Heller et al., 

2017), one might wonder whether this is actually a non-academic intervention instead? That is, 

perhaps the very small student-to-instructor ratio make Saga tutoring effectively a non-academic, 

mentoring program instead. One finding already presented cuts against this interpretation. The 

academic subject matter of the tutoring was specifically math, and we find significant positive 

effects on math test scores, but no effects on reading test scores. An obvious interpretation of this 

pattern of results is that the academic subject matter of the tutoring sessions matters; tutoring 

students in math helps them to learn math. However, we find effects on non-math grades, 

suggesting there is at least some spillover of the learning or behavioral changes induced by 

tutoring that affects learning in other areas.  

We investigate this hypothesis further by analyzing treatment effects on student 

responses to the first wave of survey questions we administered, at the end of year 1 for study 1. 

Panel A of Table 10 shows no statistically significant changes in the number of adults the student 

reports having available to talk to in their school, the number of adults they think care about 
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them, or their willingness to talk to adults in the school. Panels B, C, and D show there are no 

statistically significant changes in measures of “grit”, conscientiousness, or (after multiple 

testing corrections) locus of control, respectively. These results are not different if we look at an 

index of outcomes in each family instead. One might wonder if tutoring affects learning by 

changing who the student spends time with. Panel E shows the only significant change in our 

collection of social-network measures is for Saga participants compared to controls to think it is 

less likely their friends think studying is important; whether this is due to an actual change in 

friends, or a new appreciation of what it means to take studying seriously, is not clear. 

Because the wave 1 surveys were carried out mostly in May or June of the first year of 

intervention for the study 1 students, perhaps this is just too soon to see very large changes in 

some of these measures of candidate mechanisms of action. Table 11 shows results from wave 2 

of our survey, which was carried out after the second year that cohort 1 received the intervention. 

Here again we see no detectable impacts on perceptions about supportive adults, grit, 

conscientiousness, locus of control, growth mindset, or social networks. 

What we do see impacts on are measures of how connected, engaged or ambitious 

students are with respect to their studies, as in Table 12. Panel A shows, in the first wave of our 

survey, that participants are more likely than controls to say it is important to get good grades in 

math, and a marginally significant increase in the share who say they like math (FDR q-value = 

.085). Panel B shows this result does not persist until the fall after the 2nd year of the program.  

Taken together, these results seem to suggest that the subject matter focus on math was 

important to generating the treatment effects on learning, and that tutoring seems unlikely to 

have boosted learning solely through a mentoring effect.  

B. Classroom management
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A different hypothesis for how intensive tutoring improves student learning is by making 

it much easier to handle “classroom management” than it is in a typical classroom setting, so that 

students then experience fewer disruptions to learning and more time-on-task. In-person 

observations we conducted of the Saga program suggest students were spending approximately 

90% of their time on math. This figure is high relative to other published figures for regular 

public school classrooms, but we could not carry out similar observations for the specific CPS 

classrooms that serve as the control condition in this study.  

An alternative empirical test comes from examining across-school variation in impacts. 

Specifically, we would expect the benefits of fewer disruptions to instruction with Saga to be 

more pronounced in schools where the baseline levels of classroom disruptions are most 

pronounced, since that is where the gains from reduced disruption are largest. Table 13 measures 

the level of disruptions within a school as the number of disciplinary incidents per study student 

in a given school during the study year. This is taken from the CPS administrative school records 

and calculated for the first year of intervention separately for study 1 and study 2.38 We find that 

the difference in impacts on academic outcomes are not statistically significant across high-

disruption and low-disruption schools. All else equal, this would not seem to support the 

hypothesis that improved classroom management is a key driver of the overall Saga impacts.  

These results do not seem sensitive to our reliance on CPS disciplinary actions as our 

measure of school behavioral climate, since we see qualitatively similar results when we use 

arrests of students in a school instead (see Appendix Table 20). In addition, in the first wave of 

38 Given that randomization block fixed-effects fully explain school fixed-effects, we cannot estimate the main effect 
for the 'above median per capita disciplinary incidents' dummy variable, so we do not report these estimates in the 
table. However, we can recover and report the interaction effect and see if impacts differ between these groups. 
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surveys we administered to students to measure mechanisms, we asked if “disruptions by others 

get in the way of my learning.” We see no statistically significant impact on this outcome.39 

C. Personalization  

An alternative hypothesis for these effects is that high-dosage tutoring makes it easier for 

instructors to personalize instruction relative to the classroom-teaching condition. We would 

expect this benefit to be largest for those students whose academic level is furthest from the level 

to which teachers target classroom instruction. Unfortunately, we do not have any direct measure 

of the level at which CPS math teachers target classroom instruction. In a more stylized setting 

Bloom (1984) found that teachers may target instruction to the top third of the class distribution. 

If that were true for CPS math classrooms as well, we would expect to see (all else equal) 

students at the bottom of the achievement distribution benefit the most from high-dosage 

tutoring. But testing that hypothesis is complicated by the possibility of ‘floor effects’ with our 

math test score measures, because floor effects would cause the test results to understate any 

gains in math skills among those at the bottom of the achievement distribution.  

 To learn more about this hypothesis, we use machine learning techniques to estimate 

personalized treatment effects (PTE’s) for every individual in the sample. Intuitively, machine 

learning procedures use the data to identify the groupings defined by baseline covariates that are 

as similar as possible with respect to their estimated treatment effects. Rather than considering 

just a few interactions between covariates and treatment assignment, as would be the normal 

approach in economics, we can search over all covariates and even complicated functions of the 

covariates to model the structure of heterogeneity in effects across observations. To reduce the 

risk of fitting noise rather than true structure, these types of machine learning procedures focus 

 
 
39 The regression coefficient on the Z-score version of the outcome is -.057 (se=.089) for the intention-to-treat effect. 
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on maximizing out-of-sample fit. Whereas standard prediction tasks use machine learning to 

predict the average outcome for different subgroups defined by partitions of the baseline 

characteristics space, here we follow the recent literature in economics, statistics and computer 

science to use machine learning to predict treatment effects. 

The specific procedure we use to estimate these PTE’s for each student is Athey, 

Tibshirani and Wager’s (2019) Generalized Random Forest (GRF) method. GRF is an adaptive 

locally weighted matching estimator that yields very flexible estimates of conditional average 

treatment effects. GRFs basically work in two steps. First, a causal forest is estimated, which can 

essentially be thought of as an average of many decision trees (Wager and Athey, 2018).40 

Rather than directly estimating treatment effects by averaging predicted treatment effects across 

the causal trees in the forest (as in Wager and Athey, 2018), GRF generates adaptive weights 

using the frequency with which observations occur in the same terminal nodes together. Because 

each tree’s splits are determined by a criterion that (approximately) minimizes the expected 

mean squared error of treatment effect predictions (Athey and Imbens, 2016), observations in the 

same terminal node should have similar treatment effects. This step yields a separate set of 

adaptive weights for each observation indicating how similar treatment effects are likely to be 

between the observation and other observations. Second, PTEs for each observation, 𝜏̂𝜏𝑖𝑖,  are 

estimated using separate weighted least squares regressions of the outcome on treatment for each 

observation using the individualized similarity weights determined in the first step.  

 
 
40 Our causal forest includes 100,000 trees. For each outcome, we select the tuning parameters (the fraction of the 
sample used to build each tree, the fraction of the subsample used for determining splits rather than estimating 
effects, the number of variables tried at each split, the minimum node size, and a penalty for imbalance in 
observations across splits) by cross-validation on smaller causal forests with 1,000 trees. Note that GRFs determine 
splits using an approximation to the Athey and Imbens (2016) criterion, whereas Wager and Athey (2018) use the 
exact criterion. Both yield heuristic solutions to the optimization problem because splits are determined sequentially 
using a greedy algorithm rather than jointly (which is currently computationally infeasible). 
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Before using the PTEs to evaluate mechanisms, we assess how well the predictions 

correlate with the true underlying heterogeneity. To this end, we estimate the best linear 

predictor (BLP) of conditional average treatment effects based on the estimated PTEs using the 

following weighted least squares regression (Chernozhukov et al. 2019): 

(4)𝑌𝑌𝑖𝑖 = 𝛼𝛼0 + 𝛼𝛼1 𝑌𝑌�0,𝑖𝑖 + 𝛼𝛼2 𝜏̂𝜏𝑖𝑖 + 𝛼𝛼3�𝑍𝑍𝑖𝑖 − 𝑍̂𝑍𝑖𝑖� + 𝛼𝛼4�𝑍𝑍𝑖𝑖 − 𝑍̂𝑍𝑖𝑖�(𝜏̂𝜏𝑖𝑖 − 𝐸𝐸[𝜏̂𝜏𝑖𝑖]) + 𝜀𝜀𝑖𝑖,

where 𝑌𝑌�0,𝑖𝑖 is a random forest prediction of the outcome using only control group observations, 

and 𝑍̂𝑍𝑖𝑖  is the probability of treatment for observation i (i.e. the block mean of treatment for i’s 

block). The weights are given by 𝑤𝑤𝑖𝑖 = �𝑍̂𝑍𝑖𝑖�1 − 𝑍̂𝑍𝑖𝑖��
−1

. If the GRF procedure is successfully

predicting variation in treatment effects, we would expect the estimate of 𝛼𝛼�4 to be close to 1. In 

contrast, if the estimated PTEs are essentially noise, the estimate of 𝛼𝛼�4 would be close to 0.  

The BLP estimates, shown in appendix figure 1, suggest that we may be picking up 

structure rather than noise with heterogenous treatment effects for our math outcomes, because 

the 𝛼𝛼�4 estimates are close to one. But even with our large sample (relatively speaking from the 

perspective of social science experiments), we are barely powered if not slightly under-powered 

even to detect heterogenous treatment effects on math outcomes. We do not focus on non-math 

outcomes in what follows given the poor fit of our heterogeneous treatment effect models. The 

fact that our predictions are only correlated with underlying heterogeneity for some outcomes, 

but not others, highlights the importance of first doing these kinds of performance checks before 

using the predictions for other purposes.  

Figure 2 plots PTEs for math achievement test scores.41 We can see that there are 

enormous differences in the estimated average effects for the quartile of students who benefit the 

41 We also recreate this plot for our predicted treatment effects on Math GPA in appendix figure 2.
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most (average PTE = 0.21 SD in ITT terms) versus the smallest-effect quartile (average PTE = 

0.007 SD). But it’s also the case that the baseline math scores are strikingly different across these 

quartiles as well, with those in the top quartile having scores 0.61 SD above our study sample 

average at baseline and those in the bottom quartile 1.2 SD below average at baseline. This 

highlights the difficulty of interpreting the low estimated PTEs for this bottom quartile. If 

Reardon’s (2011) estimate is right that high school students gain 0.2 SD on average for each year 

in school, the bottom quartile is about 6 years behind the average student in our study. This is a 

group for whom the risks of floor effects with these tests would be most pronounced. 

Figure 3 provides us with a different way to see this; for each student in our out-of-

sample validation set, we plot their estimated PTE on math test scores on the x-axis and their 

estimated PTE on math GPA on the y-axis. For data visualization purposes we also do K-means 

clustering and then show students in each ‘cluster’ in a separate color, and outline the outer 

boundary of students in each group. This gives us another way to see that a sizable share of 

students are estimated to have PTE’s that are close to zero or even negative with respect to math 

test scores. On the other hand, almost all students have positive estimated PTE’s on math grades. 

For present purposes the most relevant feature of Figure 3 is the fact that around one-

quarter of our study sample has estimated math test score gains in the neighborhood of zero or 

negative, but positive (and sometimes substantially positive) gains in math GPA. In principle this 

could be due to some gain in school effort or study skills from Saga, if math GPA is more 

sensitive to such changes than is math test scores. But in the CPS administrative data we do not 

see those students showing particularly large gains (or any gains for that matter) in measures of 

effort such as school attendance or school disciplinary infractions. Nor in the survey data do we 
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see any changes in measures like time spent on homework, or share homework completed. The 

figure is at the very least consistent with, if not definitive proof for, floor effects with math tests. 

Note that unfortunately math grades can’t help us determine which students benefit the 

most, even though we can see almost all students derive some non-zero math grade benefit. The 

nice feature of standardized test scores for measuring treatment heterogeneity is that (setting 

aside floor effects) they are continuous measures designed to capture the normed, latent 

distribution of student ability in a given student population in addition to being tied to standards 

that quantify mastery on subject-specific skills and content. The standardized test scores used by 

CPS―the EXPLORE / PLAN tests developed by ACT, Inc. ―are both norm-referenced tests 

and criterion-referenced tests, meaning that we are able to compare students’ position in 

achievement compared to their peers, as well as (aspirationally) consistently quantify the amount 

of learning that occurs from one point in the latent distribution to another throughout this 

distribution. In contrast, there is no guarantee that a given unit change in grades need mean 

remotely the same thing at different points in the GPA distribution. 

Perhaps our best test then of the personalization-of-instruction hypothesis comes from 

exploiting the fact that we have access to item-level test score data from the math achievement 

tests that we administered to study participants ourselves. We first calculate the difficulty of each 

item (j) on the math test by using the testing summary statistic ‘P+ Score’, calculated as the share 

of students in our sample who answer the item correctly (Lord, 1980). We divide the sample into 

whether students had baseline CPS test scores above versus below study median. Above-median 

students score higher than below-median students on every item, and in both groups, the share 

who answer a question correctly increases with the P-score (see appendix figure 3). 
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 Figure 4 provides suggestive visual evidence that reduced ‘academic mismatch’ could 

play a role. On the x-axis we rank order the individual test-score items by their P-score, and then 

plot the ITT effect for each item for those students whose baseline CPS math test score was 

above vs. below the median value for our sample. We then fit a kernel-weighted local 

polynomial to these individual test score items for both groups of students. We test the null 

hypothesis that there is no difference in the relationship between ITT effects and question 

difficulty between students with above and below median test scores using a permutation test 

(Canay, Romano, and Shaikh 2017). Let A be a vector indicating whether students had above or 

below median test scores and let X denote the remaining data.  𝑇𝑇(𝑋𝑋,𝐴𝐴) is the average absolute 

difference in ITTs between the two groups across all questions. We estimate the p-value for the 

null hypothesis that there is no difference between the two groups using: 

(5) 𝑝̂𝑝 =
1

10,000
� 1{𝑇𝑇(𝑋𝑋,𝑔𝑔𝑖𝑖𝐴𝐴) ≥ 𝑇𝑇(𝑋𝑋,𝐴𝐴)}
10,000

𝑖𝑖=1

, 

where {𝑔𝑔𝑖𝑖}𝑖𝑖=1
10,000 are 10,000 randomly selected within randomization block permutations on the 

above/below median classifications (A). While this test is a bit under-powered and we cannot 

reject the null hypothesis that the effect is the same for most items (p=.53), visually it looks like 

below-baseline-median students seem to benefit the most on items in the bottom or middle of the 

difficulty distribution while the above-median may benefit the most on more difficult items.  

 Recognizing that the confidence intervals are somewhat large around both of our kernel-

weighted polynomials, what would the difference in shapes of the two curves imply if we took 

the results at face value? The fact that below-median-at-baseline students seem to benefit more 

on relatively easier items from Saga tutoring and above-median students may benefit more on 

harder items would be consistent with the extra personalization built into the Saga program 
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design, where tutors are instructed to devote some time each session to working with students 

where they are academically as determined by frequent formative testing. Unfortunately, we 

cannot document this mechanism directly because we do not have direct measures of the 

academic level at which tutors devoted their time, nor do we have that for classroom teaching. 

But at the very least the differential shapes of the below- and above-median curves in Figure 4 

suggest student learning is concentrated on the math topics close to their baseline levels of 

knowledge. The implication is that even if Saga were not personalizing, the item-level results 

imply that personalizing (concentrating instructional time on where students are academically) 

would be an effective strategy.42 

VII. CONCLUSION 

One way to read the results reported here is as a test of a specific intervention strategy for 

urban public school systems. Fryer (2014) shows that identifying a handful of strategies from ‘no 

excuses’ charter schools and incorporating them into public schools can improve student 

achievement. But many of those strategies are complicated to implement with fidelity and may 

be politically difficult to implement at large scale throughout urban public school systems. The 

present paper shows that substantial progress can be made by narrowing down even further the 

set of strategies adopted from ‘no excuses’ charter schools to just a single element that is easier 

to implement and hence scale: high-dosage tutoring. A key innovation of the specific high-

dosage tutoring model we study here is that the provider, Saga, has figured out a way to deliver 

 
 
42 That is, if we took the results in Figure 4 at face value (ignoring the low power of the test that the shapes of the 
two curves are the same) they would imply either that (a) below-baseline-median students were showing their 
biggest gains on relatively easier items (and vice versa for above-baseline-median students) because Saga tutors 
concentrated their instructional effort on items tailored to where students are, or (b) Saga tutors tried to cover 
material across the difficulty distribution, and students just benefited most for the content closest to the student’s 
own academic level, which implies that efforts to further concentrate instruction on that content (i.e. personalization) 
would yield even bigger benefits to students. 
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this at relatively low cost given the intensity of the educational intervention. This stands in 

contrast with how tutoring services are often provided to school systems like Chicago’s, where a 

tutoring provider hires (say) former teachers at prevailing full-time teacher wages, which then for 

a given level of spending per pupil means students get just a fraction of the number of 

instructional hours as they do with the intervention we study here. 

One way to think about the viability of this strategy at scale is that if personalization is 

indeed a key mechanism through which Saga works, then the system goal for tutoring would be 

to deliver each student enough ‘dosage’ to eventually get them up to grade level and more 

productively engage with grade-level classroom instruction. That is, getting every student up to 

speed improves the degree to which regular classrooms are ‘personalized.’ Our best estimate for 

the cost per participant during our study period is roughly $3,800, with a defensible range of 

$3,500 to $4,300. CPS already receives around $300 million in Title 1 grants each year, and 

existing research suggests for the average district how these funds are deployed leads to few 

detectable improvements in student learning (Deke, et al., 2012, Dragoset, et al., 2017). As a 

thought exercise, that funding, if repurposed to Saga tutoring, would be enough to serve around 

80,000 students per year, or 23% of the system’s total enrollment of 355,000.43 Proposals for 

how to scale nationally are in Ander, Guryan and Ludwig (2016) and Kraft and Falken (2021). 

But there is another, perhaps more important way to read this study: As a demonstration 

that it is not too late or too difficult to substantially change the academic outcomes of children 

who are struggling academically even once they have reached adolescence. The lesson may be 

that it is possible to improve academic skills by accounting for the challenges of individualizing 

 
 
43 This calculation is based on Saga’s program cost during our study period ($3,800).  
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instruction―among other things―and that these strategies can be effective even when 

implemented in regular public high schools to broad, representative samples of students. 

The benefit-cost ratio of Saga tutoring seems to be comparable in magnitude to that of the 

most successful early childhood programs, like the Abecedarian Project and the Perry Preschool 

Program, as well as interventions at scale to improve student outcomes such as the Tennessee 

STAR experiment.44 Chetty et al. (2011) show that each one-percentile increase in 8th grade test 

scores is associated with $150 in additional annual earnings at age 27. We find that, on average, 

Saga increases student’s test scores by six percentile points in study 1 and by 14 percentile points 

for study 2.45 Together, these two findings suggest Saga increases participants’ adult earnings by 

$900 each year for study 1 and $2,100 each year for study 2. Assuming these gains persist from 

ages 25 to 59 and discounting at a 5% rate to age 15, the present discounted value of the gains is 

about $9,000 for study 1 and $21,000 for study 2. With per-student costs of $3,500 to $4,300, 

this implies the benefit cost ratio is 2.1 to 2.6 in study 1 and 4.9 to 6.0 in study 2.46  

By way of comparison the benefit-cost ratios that have been estimated for model early 

childhood programs are on the order of 1.9 and 2.2 for the Abecedarian Project (Masse and 

Barnett, 2002), and between 3.9 and 6.8 for the Perry Preschool Program (Heckman et al., 2010), 

both estimated using a 5% discount rate. Krueger (2003) estimates that a 7-student reduction in 

 
 
44 Borman and Hewes (2002) show that the Success for All model yields similar math test score gains per $1,000 as 
the model programs discussed here (a 0.04 SD improvement in math per $1,000). Saga also performs favorably 
based on this metric, with math TOT effects per $1,000 of 0.04 to 0.05 in Study 1 and 0.09 to 0.11 in Study 2. 
Success for All, however, also improves reading scores (a 0.09 SD improvement per $1,000).  
45 The test score percentile data is not available for study 2. Therefore, we estimate the percentile effect by assuming 
the ratio of the TOT effects in study 1 and 2 is the same standard deviations and percentiles. 
46 Alternatively, Hanushek and Woessman (2008) review several studies that consistently find a one standard 
deviation increase in test scores is associated with about a 12 percent increase in earnings. Applying this effect size 
combined with our estimated increase on standardized math test scores to a quadratic wage/salary earnings age 
trajectory estimated using data on Black and Latinx individuals from Chicago in the 2019 ACS (and discounted to 
age 15 at a 5% rate) implies slightly smaller benefit-cost ratios of 1.6 and 3.8, respectively.  



37 
 

class size in grades K-3 yields a benefit-cost ratio of about 2 using a 4% discount rate (and so 

would be below 2 with a 5% discount rate). These studies have long been cited as arguments for 

investments in early childhood compared to later life stages; evidently, however, adolescence is 

not too late to also realize large social benefits from human capital investment.  
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Technical Appendix 

A. Building Grade Variables

Students participating in the intervention were assigned to participate in a tutoring 

session for one class period every day in addition to their regular math class. It is important to 

note that while the control condition for study 2 participants was overwhelmingly an elective 

course, the control condition for study 1 9th -graders―i.e., the majority of the study 1 

sample―was a second hour or “double-dose” Algebra. 

In building grade variables (overall GPA, non-math core GPA, math GPA, and course 

failures) used as covariates and outcomes, we want to ensure that we have comparable 

schedules between treatment and control students, taking the above into account. We use the 

following criteria to ensure we have comparable course schedules between treatment and 

control groups. We present our preferred specifications in the main results, and also include 

other variations in the appendices as robustness checks. Our results hold across different 

methods of variable calculation.  

CPS defines ‘core’ courses as courses in core subjects: math, social science/history, 

science, and reading/English. Our baseline covariates include core GPA (and number of A’s, 

B’s, C’s, D’s, and F’s in core courses). We look at GPA and course failures (percent of courses 

failed) separately for math and non-math core subjects as our outcomes. CPS grades are 

administered each semester, and we use courses from both semesters of the intervention year to 

calculate our yearly grade variables.  

Math Courses 

We first exclude ‘Math Lab’ (the Saga tutoring class) as well as double-dose Algebra 

(the class which Saga takes the place of) when calculating math course variables. A vast 
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majority (over 97%) of study students for whom we have grade data only take one math class 

each semester after excluding Math Lab and double-dose Algebra.  

For students who take multiple math classes in a semester, our preferred method is to 

select the appropriate grade-level math grade for each student as their main ’math course’— 

e.g. for a 9th grader, if they are in only one math course that semester, we take that course as

their semester math class; if they are in multiple math courses that semester and take the grade-

level appropriate math course (e.g. Algebra I for 9th graders, and Geometry for 10th graders), we 

use that course for variable calculation. If they are in multiple math classes in that semester and 

take a math course above their grade level (such as a 9th grader taking Geometry or a 10th 

grader taking Algebra II with Trigonometry), then we use that course as their ‘main’ math 

course. Otherwise, we randomly select a course and use that as their ‘math course’ for that 

semester.  

The method where we ‘select’ the appropriate math course is presented in our main 

results and is used throughout our analysis. We also present a version of the results where we 

exclude students who we have to make a ‘selection’ for (presented in appendix table 23 and 

denoted with a ‘no selections’ marker).   

Non-Math Core Courses 

For non-math core courses (that is, courses in science, social studies, and 

reading/English), selecting the appropriate ‘grade-level’ course in each is less straightforward, 

and there is also possibility that including Saga in students’ schedules affects which other 

‘core’ courses they can take. Thus, we present five methods to calculate non-math core grade 

variables. Our results calculated with each of these methods can be found in appendix table 23. 
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- Method 1: ‘All Classes’ – Include all courses taken by a given student in non-

math core classes in the calculation of GPA and course failures. This is our preferred method. 

- Method 2: ‘High grade by subject’―Selects the highest grade for each non-math 

core topic in each semester and uses those courses to calculate the outcomes. For example, if a 

student takes two science classes and two English classes in a semester, we take their highest 

science course grade and highest English course grade (as well as their one social science 

grade) and use those to calculate GPA and course failures. 

- Method 3: ‘Low grade by subject’―Same as the above, but instead of selecting 

the highest grade for each core subject area in a semester, we use the lowest grade in each core 

subject area. This method in conjunction with the above method can help us bound the effects 

of the intervention on non-math core grades.  

- Method 4: ‘Top 3 classes each semester’ uses a student’s three highest non-math 

grades in core subject areas in a semester regardless of subject. 

- Method 5: ‘Top 6 classes in that year’ uses a student’s six highest non-math 

grades in that school year, regardless of subject. 



Table 1. Baseline Test Score Comparison of Study Samples vs. All CPS Students

A. Study 1 Sample: Pre-randomization Math Scores (School Year 2012-2013)

Sample N Mean 25th 50th 75th

All CPS Students^ 409258 44.26 19 43 68
All CPS 9th/10th Grade Boys 31064 44.76 19 41 71

All Study School 9th/10th Grade Students 4406 35.4 14.75 33 54
All Study School 9th/10th Grade Boys 2434 35.22 14 29 54

All Randomized Students* 2633 37.12 14 33 59
All Randomized Students Active in Study Schools 2103 36.32 14 33 54

All Participating Treatment Students 526 32.2 12 29 45

B. Study 2 Sample: Pre-randomization Math Scores (School Year 2013-2014)

Sample N Mean 25th 50th 75th

All CPS Students^ 406672 47.16 22 46 72
All CPS 9th/10th Grade Students 61824 48.73 23 49 76

All Study School 9th/10th Grade Students 5068 34.89 12 29 54

All Randomized Students* 2645 33.56 13 30 51
All Randomized Students Active in Study Schools 1823 31.15 12 28 49

All Participating Treatment Students 571 30.05 10 26 47

C. Study 2 Sample by Gender: Pre-randomization Math Scores (School Year 2013-2014)

Sample N Mean 25th 50th 75th

All CPS Students^ 406672 47.16 22 46 72
All CPS 9th/10th Grade Students 61824 48.73 23 49 76

All Study School 9th/10th Grade Girls 2384 34.05 13 29 53.75
All Randomized Girls* 799 30.26 11 28 47

All Randomized Girls Active in Study Schools 629 28.81 8 26 44
All Participating Treatment Students: Girls 144 28.11 8.5 26 42

All Study School 9th/10th Grade Boys 2684 35.68 12 29 54
All Randomized Boys* 1847 34.99 15 32 53

All Randomized Boys Active in Study Schools 1194 32.4 12 28 49
All Participating Treatment Students: Boys 427 30.72 11 26 49

In study 1, 1307 students were randomized into the treatment group and 1326 to the control group. In study 2, 1546
students (459 female students and 1088 male students)†were randomized into the treatment group; 1125 students were
randomized into the control group (349 female students and 776 male students). In study 1, 15 students randomized
to the control group received one or more session of Saga. In study 2, 88 students randomized to control (15 female
students and 73 male students) participated in one or more session of Saga programming.
Due to student mobility and other factors N=65 students were randomized into study 2 twice, with 39 (60%) retaining
their original treatment assignment across randomizations and 26 being randomized into the other treatment condition.
Of these 26 students, 12 (46%) participated in one or more session of Saga programming.
*Randomization was done using summer rosters of partner schools based on who they expected to enroll; a subset of these students showed up in
these schools in the Fall of the study year. We refer to the students who do not show up as ‘No Shows’, and we include them in the main analysis.
We also present our main analyses excluding these students in the appendices (appendix tables 12 and 13).
^The N for ‘All CPS Students’ refers to all active CPS students in the network. We use baseline tests from the prior year for all CPS students in
grades 3-11 for whom tests were available for this row.
†For randomization, we use gender and grade at the time of randomization (neither of which are necessarily time invariant) for blocking.
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Table 7: Impacts on Self-Reported Risky Behavior and Crime Victimization by Study 1 subjects: end of
Second Program Year

N
Control
Mean

Intention to
Treat

FDR
Q-value

Risky Behavior
During your life, how many days have you had at least one drink of alcohol? (Z) 888 -0.000 -0.207*** 0.019

(0.061)
During the past 30 days, on how many days did you have at least one drink of alcohol? (Z) 890 -0.000 -0.187*** 0.019

(0.063)
During your life, how many times have you used marijuana? (Z) 884 -0.000 -0.089 0.380

(0.066)
During the past 30 days, how many times did you use marijuana? (Z) 886 -0.000 -0.074 0.449

(0.065)
During your life, how many times have you tried any other sort of illegal
drug/inhalant/prescription drug? (Z)

889 -0.000 -0.132** 0.152

(0.066)
Do any of your brothers, sisters, cousins, or friends belong to a gang? (Dummy) 887 0.318 -0.008 0.834

(0.032)
Do you belong to a gang? (Dummy) 889 0.079 -0.017 0.526

(0.017)
Have you ever sold marijuana or any other drug to your friends? (Dummy) 888 0.133 -0.029 0.380

(0.022)
Have you ever sold marijuana or any other drug to people you didn’t know? (Dummy) 888 0.105 -0.025 0.380

(0.019)
During the past 3 months with how many people did you have sexual intercourse? (Z) 557 0.000 -0.202 0.380

(0.178)
How many times have you gotten someone pregnant? (Z) 558 0.000 0.074 0.526

(0.078)
In the past year, how many times did you get in a physical fight in which you were so badly
injured that you were treated by a doctor or a nurse? (Z)

895 0.000 0.015 0.834

(0.063)
In the past year, how often did you hurt someone badly enough in a physical fight that he or
she needed to be treated by a doctor or nurse? (Z)

895 0.000 -0.143** 0.121

(0.063)
During the past 30 days, on how many days did you carry a weapon – such as a gun, knife, or
club – to school? (Z)

892 -0.000 -0.049 0.526

(0.064)
In the past year, how often did you paint graffiti or signs on someone else’s property or in a
public place? (Z)

895 0.000 -0.054 0.526

(0.061)
In the past year, how often did you deliberately damage property that didn’t belong to you? (Z) 896 0.000 -0.056 0.526

(0.066)
In the past year, how often did you take something from a store without paying for it? (Z) 894 -0.000 0.014 0.834

(0.068)
In the past year, how often did you drive a car without owner’s permission? (Z) 895 0.000 0.027 0.827

(0.071)
In the past year, how often did you break into someone’s home in order to steal? (Z) 893 -0.000 -0.069 0.380

(0.051)
Crime Victimization
In the past year, how often did someone pulle a gun/knife on you? (Z) 894 -0.000 0.006 0.922

(0.069)
In the past year, how often did you get into a physical fight? (Z) 894 0.000 -0.056 0.848

(0.066)
In the past year, how often did you get jumped? (Z) 896 0.000 0.031 0.848

(0.067)
In the past year, how often did you get beaten up and something was stolen from you? (Z) 894 -0.000 0.043 0.848

(0.083)

Note: Data are from survey designed by DETAIL and given to a randomly selected subsample of youth, proportional to overall treatment
and control group size randomized into Saga during 2015. All items are coded so the desired effect direction is positive.
Baseline covariates and randomization block fixed effects included in all models (see text). Heteroskedasticity-robust standard
errors in parentheses. * = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to
be false positives. Each panel in the above table is a ‘family’. We report the smallest FDR q-value at which we could
reject the null for each outcome using the method from Benjamini and Hochberg (1995)



Table 8: 11th Grade Outcomes: Saga Studies 1 and 2, pooled

Outcome N Control
Mean

Intent-to-
Treat
Effect

ITT
Standard

Error

Treatment-
on-treated

Effect

TOT
Standard

Error

Control
Complier

Mean

FDR
Q-value

Held Back by 11th Grade 3333 0.102 0.002 (0.01) 0.004 (0.022) 0.088 0.872

Mathematics
11th Grade Math Test (z-score) 2973 0.006 0.096*** (0.029) 0.222*** (0.068) -0.137 0.003

11th Grade GPA: Math 3086 1.980 0.075** (0.037) 0.179** (0.086) 1.843 0.037

Non-math Academics
11th Grade GPA: All Non-Math Courses 3339 1.944 0.022 (0.031) 0.057 (0.072) 1.794 0.782

11th Grade Reading Test (z-score) 2972 0.007 0.009 (0.031) 0.02 (0.073) -0.123 0.782

Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above.
To account for individuals having multiple observations, standard errors are clustered on individuals.
Baseline covariates: Randomization block, treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level,
GPA, days absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed and
variables identifying records as missing data were created and included. Non-math GPA refers to all non math courses in core subject areas (English, Science, Social Science).
* = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to be false positives.
Each panel in the above table is a ‘family’, so for example, ‘Mathematics’ represents one outcome family. We report the smallest FDR q-value at
which we could reject the null for each outcome using the method from Benjamini and Hochberg (1995).

Table 9: Graduation outcomes: Saga Studies 1 and 2, pooled

Outcome N Control
Mean

Intent-to-
Treat
Effect

ITT
Standard

Error

Treatment-
on-treated

Effect

TOT
Standard

Error

Control
Complier

Mean

FDR Q-value

Graduated On-Time 3750 0.749 0.007 (0.013) 0.019 (0.034) 0.772 0.876
Ever Graduated 3770 0.823 0.004 (0.012) 0.008 (0.032) 0.859 0.876

Leave code: Dropout 5663 0.054 0.002 (0.007) 0.006 (0.019) 0.042 0.876
Leave code: Corrections 5663 0.028 0.003 (0.006) 0.009 (0.017) 0.011 0.876

Leave code: Transfer 5663 0.207 0.002 (0.012) 0.005 (0.033) 0.143 0.876
Leave code: Unknown 5663 0.134 -0.013 (0.01) -0.038 (0.027) 0.154 0.766
Leave code: No exit 5663 0.026 0.001 (0.004) 0.003 (0.012) 0.023 0.876

Leave code: Deceased 5663 0.009 -0.004 (0.003) -0.012 (0.009) 0.016 0.766

Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above.
To account for individuals having multiple observations, standard errors are clustered on individuals.
Baseline covariates: Randomization block, treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level,
GPA, days absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed and
variables identifying records as missing data were created and included.
* = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to be false positives.
We treat all outcomes above as one ‘family’. We report the smallest FDR q-value at which we could reject the null for each outcome using the
method from Benjamini and Hochberg (1995).



Table 10: Study 1 Sample: Estimated Effects on Outcomes from ISR Survey - End of First Program Year

N
Control
Mean

Intention to
Treat

FDR
Q-value

Adult Supports
Number of adults to talk to (No Change) 622 4.297 0.057 0.878

(0.338)
Number of adults who care (No Change) 623 7.384 0.355 0.878

(0.594)
Would talk to adults at school (Dummy) 623 0.375 -0.012 0.878

(0.043)
Grit
Agree: Setbacks don’t discourage me (Z) 623 -0.000 0.022 0.947

(0.088)
Agree: I am a hard worker (Z) 624 0.000 0.084 0.891

(0.086)
Disagree: I have difficulty maintaining focus (Z) 623 0.000 -0.092 0.891

(0.082)
Agree: I am diligent (Z) 624 -0.000 0.023 0.947

(0.089)
Agree: I finish what I begin (Z) 624 0.000 -0.051 0.947

(0.087)
Agree: I can continue until everything is perfect (Z) 624 -0.000 -0.006 0.947

(0.088)
Conscientiousness
Agree: I am always prepared (Z) 624 0.000 0.118 0.507

(0.089)
Agree: I continue until everything is perfect (Z) 624 -0.000 -0.006 0.947

(0.088)
Agree: I leave a mess in my room (Z) 624 0.000 -0.011 0.947

(0.087)

Locus of Control
Agree: I have control over direction of life (Z) 621 -0.000 0.052 0.564

(0.088)
Disagree: Every time I try to get ahead, something or somebody stops me (Z) 624 0.000 0.058 0.564

(0.089)
Disagree: Luck is more important than hard work (Z) 624 0.000 0.165** 0.125

(0.087)
Disagree: My plans never work out, planning makes me unhappy (Z) 622 -0.000 0.051 0.564

(0.091)
Agree: I can make plans work (Z) 623 -0.000 -0.219** 0.060

(0.083)

Social Networks
Reports No Close Friends (Dummy) 623 0.025 -0.012 0.875

(0.014)
Friends think it is important to attend classes regularly (Z) 607 -0.000 -0.061 0.882

(0.091)
Friends think it is important to get good grades (Z) 607 -0.000 -0.035 0.967

(0.082)
Friends think it is important to study (Z) 607 0.000 -0.248*** 0.049

(0.091)
Friends think it is important to continue education to college (Z) 607 -0.000 0.012 0.967

(0.084)
Have stopped hanging around with someone (Recoded Dummy) 623 0.505 0.066 0.438

(0.045)
Have started hanging around with someone (Recoded Dummy) 622 0.616 0.002 0.967

(0.044)
Note: Data are from survey designed by DETAIL and given to a randomly selected subsample of Study 1 youth, proportional to
overall treatment and control group size randomized during 2015. All items are coded so the desired effect direction is positive.
Baseline covariates and randomization block fixed effects included in all models (see text). Heteroskedasticity-robust standard
errors in parentheses. * = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to
be false positives. Each panel in the above table is a ‘family’. We report the smallest FDR q-value at which we could
reject the null for each outcome using the method from Benjamini and Hochberg (1995)



Table 11: Study 1 Sample: Estimated Effects on Outcomes from ISR Survey - End of Second Program Year

N
Control
Mean

Intention to
Treat

FDR
Q-value

Adult Supports
Number of adults to talk to (No Change) 893 4.089 0.143 0.567

(0.252)
Number of adults who care (No Change) 894 6.436 0.299 0.567

(0.403)
Grit
Agree: Setbacks don’t discourage me (Z) 896 0.000 -0.04 0.555

(0.07)
Agree: I am a hard worker (Z) 896 0.000 0.061 0.555

(0.063)
Disagree: I have difficulty maintaining focus (Z) 896 -0.000 -0.046 0.555

(0.068)
Agree: I am diligent (Z) 896 0.000 0.062 0.555

(0.065)
Conscientiousness
I see myself as someone who does things carefully and completely. 896 -0.000 -0.023 0.886

(0.066)
I see myself as someone who can be somewhat careless. 895 -0.000 -0.023 0.886

(0.069)
I see myself as someone who is a reliable worker. 896 -0.000 0.029 0.886

(0.068)
I see myself as someone who tends to be disorganized. 896 0.000 -0.007 0.912

(0.067)
I see myself as someone who tends to be lazy. 896 0.000 -0.018 0.886

(0.067)
I see myself as someone who keeps working until things are done. 896 -0.000 0.054 0.886

(0.063)
I see myself as someone who does things efficiently (quickly and correctly). 896 -0.000 0.062 0.886

(0.067)
I see myself as someone who makes plans and sticks to them. 896 0.000 0.088 0.886

(0.069)
I see myself as someone who is easily distracted; has trouble paying attention. 896 -0.000 -0.055 0.886

(0.067)
Locus of Control
Disagree: You can learn but not change intelligence (Z) 896 -0.000 0.117* 0.536

(0.068)
Disagree: Intelligence can’t be changed much (Z) 896 -0.000 0.091 0.536

(0.065)
Disagree: You have a certain amount of intelligence, can’t change (Z) 896 -0.000 0.069 0.564

(0.067)
Disagree: Moral character can’t be changed (Z) 896 0.000 0.041 0.758

(0.068)
Disagree: Responsibility can’t be changed (Z) 896 0.000 -0.016 0.813

(0.069)
Disagree: Moral traits can’t be changed (Z) 896 0.000 0.067 0.564

(0.069)

Social Networks
Reports No Close Friends (Dummy) 895 0.042 0.008 0.810

(0.015)
Friends think it is important to attend classes regularly (Z) 855 0.000 -0.018 0.810

(0.071)
Friends think it is important to get good grades (Z) 855 0.000 -0.057 0.810

(0.067)
Friends think it is important to study (Z) 855 0.000 0.025 0.810

(0.068)
Friends think it is important to continue education to college (Z) 853 -0.000 0.032 0.810

(0.068)
Have stopped hanging around with someone (Recoded Dummy) 895 0.593 -0.008 0.810

(0.034)
Have started hanging around with someone (Recoded Dummy) 896 0.644 -0.037 0.810

(0.034)

Note: Data are from survey designed by DETAIL and given to a randomly selected subsample of Study 1 youth, proportional to
overall treatment and control group size randomized during 2015. All items are coded so the desired effect direction is positive.
Baseline covariates and randomization block fixed effects included in all models (see text). Heteroskedasticity-robust standard
errors in parentheses. * = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to
be false positives. Each panel in the above table is a ‘family’. We report the smallest FDR q-value at which we could
reject the null for each outcome using the method from Benjamini and Hochberg (1995)



Table 12: Impacts of Self-Reported Attitudes on Education

N
Control
Mean

Intention to
Treat

FDR
Q-value

Survey Wave 1: School year 2013-2014
Disruptions by others get in the way of my learning (Z) 623 -0.000 -0.057 0.836

(0.089)
Weekly time spent on homework (Z) 623 0.000 -0.091 0.684

(0.084)
How much of your homework do you finish? (Z) 622 0.000 0.008 0.992

(0.084)
Expect to graduate high school and continue education (Dummy) 623 0.910 0.008 0.965

(0.025)
Want to graduate high school and continue education (Dummy) 623 0.923 0.002 0.992

(0.024)
How important are good grades to you? (Z) 623 0.000 0.061 0.836

(0.083)
Feeling safe at school (Z) 623 -0.000 0.041 0.938

(0.094)
Like math (Z) 623 -0.000 0.203** 0.085

(0.086)
Good grades in math (Z) 623 -0.000 0.289*** 0.001

(0.078)
Like school in general (Z) 623 0.000 -0.13 0.577

(0.086)
Like reading (Z) 623 0.000 -0.102 0.684

(0.082)
Good grades in reading (Z) 623 0.000 -0.072 0.802

(0.081)
Survey Wave 2: School year 2014-2015
Weekly time spent on homework (Z) 896 0.000 0.01 0.879

(0.07)
Expect to graduate high school and continue education (Dummy) 895 0.132 0.032 0.338

(0.025)
Want to graduate high school and continue education (Dummy) 896 0.630 0.037 0.338

(0.032)
How important are good grades to you? (Z) 896 -0.000 0.092 0.338

(0.061)
Feeling safe at school (Z) 896 -0.000 -0.019 0.869

(0.07)
Like math (Z) 896 -0.000 0.079 0.338

(0.067)
Good grades in math (Z) 896 -0.000 0.097 0.338

(0.064)
Like school in general (Z) 896 0.000 0.033 0.767

(0.066)
Like reading (Z) 896 -0.000 -0.083 0.338

(0.067)
Good grades in reading (Z) 895 0.000 -0.076 0.338

(0.066)
Note: Data are from survey designed by DETAIL and given to a randomly selected subsample of Study 1 youth, proportional to
overall treatment and control group size randomized during 2015. All items are coded so the desired effect direction is positive.
Baseline covariates and randomization block fixed effects included in all models (see text). Heteroskedasticity-robust standard
errors in parentheses. * = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to
be false positives. Each panel in the above table is a ‘family’. We report the smallest FDR q-value at which we could
reject the null for each outcome using the method from Benjamini and Hochberg (1995)



Table 13: ITT Estimates Interacted with Whether School Above Median in CPS Disciplinary Incidents During
School Year (Pooled)

Year 1 Outcome N Ctrl Mean Intent-to-Treat
Est.

ITT Standard
Error

Dummy x
Treatment

Status

Interaction SE

Mathematics
Math GPA 4331 1.786 0.246*** (0.043) -0.05 (0.060)

Math Courses Failed (percent) 4331 0.179 -0.044*** (0.013) 0.011 (0.019)
Standardized Math Score 3741 0.001 0.13*** (0.038) -0.031 (0.052)

Non-math academics
Non-Math GPA 4409 1.809 0.062* (0.035) 0.025 (0.049)

Non-math Core Courses Failed (percent) 4409 0.184 -0.019* (0.010) 0.001 (0.015)
Standardized Reading Score 3740 0.001 -0.007 (0.041) 0.017 (0.056)

Behavior
Disciplinary incidents 5035 1.549 -0.171** (0.082) 0.379** (0.166)

Days Absent 5035 23.932 -0.281 (0.719) 2.252* (1.157)
Out-of-School Incs 5035 1.180 -0.09 (0.075) 0.421** (0.174)

Crime
Violent Crime Arrests 5410 0.095 0.005 (0.014) -0.03 (0.021)

Property Crime Arrests 5410 0.073 -0.014 (0.013) -0.014 (0.020)
Drug Arrests 5410 0.054 -0.013 (0.009) 0.043** (0.017)
Other arrests 5410 0.207 -0.022 (0.022) -0.008 (0.036)

Any Arrests (Dummy) 5410 0.176 -0.027** (0.012) 0.029 (0.018)
All Arrests 5410 0.429 -0.045 (0.034) -0.008 (0.058)

Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above. To account for
individuals having multiple observations, standard errors are clustered on individuals. Baseline covariates: Randomization block,
treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level, GPA, days
absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed
and variables identifying records as missing data were created and included. Non-math GPA refers to all non math courses in core
subject areas (English, Science, Social Science). * = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
Given that randomization block fixed-effects fully explain school fixed-effects, we cannot estimate the main effect for the

’above median’ dummy variable, so we do not report this in the table. However, we can recover and report the interaction effect.
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Figure 2: Random Forests for Treatment Heterogenity: Predicted treatment effects against their rank, stan-
dardized math test data. Average PTE’s for each quartile are presented.
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1 Appendices

Table 1: (Appendix) Missing Data by Treatment Assignment: Study 1 and 2
Control Treatment

Study 1: Percent Missing

N 1326 1307
Grade Data - Baseline year 6.49 7.88
Attendance Data - Baseline year 3.09 3.06
Standardized Math Test - Baseline year 14.48 16.68

F-test p-value: 0.997
Grade Data - Program year 1 14.63 14.84
Attendance Data - Program year 1 4.37 6.2
Standardized Math Test - Program year 1 29.79 29.53

F-test p-value: 0.958
Grade Data - Program year 2 27.98 27.54
Attendance Data - Program year 2 14.71 14.31
Standardized Math Test - Program year 2 37.41 38.03

F-test p-value: 0.981

Study 2: Percent Missing

N 1145 1565
Grade Data - Baseline Year 6.55 9.58
Attendance Data - Baseline Year 3.23 5.88
Standardized Math test - Baseline Year 9.96 12.14

F-test p-value: 0.946
Grade Data - Study Year 23.67 20.89
Attendance Data - Study Year 8.91 8.56
Standardized Math test - Study Year 31.18 31.18

F-test p-value: 0.995
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Table 6: (Appendix) 11th Grade Outcomes: Study 1

Outcome N Control
Mean

Intent-to-
Treat
Effect

ITT
Standard

Error

Treatment-
on-treated

Effect

TOT
Standard

Error

Control
Complier

Mean

FDR
Q-value

Held Back by 11th Grade 1722 0.119 0.004 (0.013) 0.008 (0.025) 0.100 0.756

Mathematics
11th Grade Math Test (z-score) 1528 0.010 0.158*** (0.04) 0.3*** (0.074) -0.214 0.001

11th Grade GPA: Math 1590 2.002 0.061 (0.052) 0.124 (0.097) 1.872 0.201

Non-math Academics
11th Grade GPA: All Non-Math Courses 1721 1.963 -0.01 (0.042) -0.011 (0.079) 1.853 0.890

11th Grade Reading Test (z-score) 1528 0.012 0.018 (0.044) 0.035 (0.081) -0.189 0.890

Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above. Robust standard errors used.
To account for individuals having multiple observations, standard errors are clustered on individuals.
Baseline covariates: Randomization block, treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level,
GPA, days absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed and
variables identifying records as missing data were created and included. Non-math GPA refers to all non math courses in core subject areas (English, Science, Social Science).
* = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to be false positives.
Each panel in the above table is a ‘family’, so for example, ‘Mathematics’ represents one outcome family. We report the smallest FDR q-value at
which we could reject the null for each outcome using the method from Benjamini and Hochberg (1995).

Table 7: (Appendix) 11th Grade Outcomes: Study 2

Outcome N Control
Mean

Intent-to-
Treat
Effect

ITT
Standard

Error

Treatment-
on-treated

Effect

TOT
Standard

Error

Control
Complier

Mean

FDR
Q-value

Held Back by 11th Grade 1611 0.079 0.003 (0.013) 0.01 (0.04) 0.061 0.810

Mathematics
11th Grade Math Test (z-score) 1445 0.000 0.017 (0.041) 0.046 (0.126) 0.046 0.717

11th Grade GPA: Math 1496 1.953 0.079 (0.052) 0.244 (0.156) 1.809 0.239

Non-math Academics
11th Grade GPA: All Non-Math Courses 1618 1.920 0.047 (0.043) 0.146 (0.132) 1.721 0.534

11th Grade Reading Test (z-score) 1444 0.001 -0.005 (0.043) -0.021 (0.133) -0.008 0.875

Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above.
To account for individuals having multiple observations, standard errors are clustered on individuals.
Baseline covariates: Randomization block, treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level,
GPA, days absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed and
variables identifying records as missing data were created and included. Non-math GPA refers to all non math courses in core subject areas (English, Science, Social Science).
* = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to be false positives.
Each panel in the above table is a ‘family’, so for example, ‘Mathematics’ represents one outcome family. We report the smallest FDR q-value at
which we could reject the null for each outcome using the method from Benjamini and Hochberg (1995).

Table 8: (Appendix) Graduation outcomes: Study 1

Outcome N Control
Mean

Intent-to-
Treat
Effect

ITT
Standard

Error

Treatment-
on-treated

Effect

TOT
Standard

Error

Control
Complier

Mean

FDR Q-value

Graduated On-Time 1853 0.738 0.008 (0.017) 0.017 (0.036) 0.759 0.74
Ever Graduated 1859 0.826 0.005 (0.015) 0.011 (0.033) 0.862 0.74

Leave code: Dropout 2728 0.062 0.005 (0.01) 0.013 (0.024) 0.052 0.74
Leave code: Corrections 2728 0.032 0.005 (0.007) 0.012 (0.017) 0.010 0.74

Leave code: Transfer 2728 0.195 0.006 (0.015) 0.014 (0.037) 0.120 0.74
Leave code: Unknown 2728 0.125 -0.011 (0.012) -0.027 (0.029) 0.118 0.74
Leave code: No exit 2728 0.015 -0.009** (0.004) -0.021** (0.01) 0.027 0.27

Leave code: Deceased 2728 0.009 -0.003 (0.003) -0.006 (0.008) 0.012 0.74

Robust standard errors are used and presented in the models above.
To account for individuals having multiple observations, standard errors are clustered on individuals.
Baseline covariates: Randomization block, treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level,
GPA, days absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed and
variables identifying records as missing data were created and included.
* = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to be false positives.
We treat all outcomes above as one ‘family’. We report the smallest FDR q-value at which we could reject the null for each outcome using the
method from Benjamini and Hochberg (1995).



Table 9: (Appendix) Graduation outcomes: Study 2

Outcome N Control
Mean

Intent-to-
Treat
Effect

ITT
Standard

Error

Treatment-
on-treated

Effect

TOT
Standard

Error

Control
Complier

Mean

FDR Q-value

Graduated On-Time 1897 0.761 0.008 (0.019) 0.025 (0.06) 0.788 0.919
Ever Graduated 1911 0.821 0.003 (0.017) 0.006 (0.055) 0.857 0.919

Leave code: Dropout 2935 0.044 -0.002 (0.008) -0.005 (0.028) 0.034 0.919
Leave code: Corrections 2935 0.023 0.001 (0.007) 0.005 (0.022) 0.011 0.919

Leave code: Transfer 2935 0.219 -0.003 (0.017) -0.012 (0.055) 0.172 0.919
Leave code: Unknown 2935 0.145 -0.013 (0.014) -0.046 (0.045) 0.191 0.826
Leave code: No exit 2935 0.037 0.011 (0.007) 0.035 (0.025) 0.013 0.740

Leave code: Deceased 2935 0.010 -0.005 (0.004) -0.018 (0.013) 0.020 0.740

Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above.
To account for individuals having multiple observations, standard errors are clustered on individuals.
Baseline covariates: Randomization block, treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level,
GPA, days absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed and
variables identifying records as missing data were created and included.
* = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to be false positives.
We treat all outcomes above as one ‘family’. We report the smallest FDR q-value at which we could reject the null for each outcome using the
method from Benjamini and Hochberg (1995).

Table 10: (Appendix) All Graduation/Enrollment outcomes: Pooling Studies 1 and 2

Outcome N Control
Mean

Intent-to-
Treat
Effect

ITT
Standard

Error

Treatment-
on-treated

Effect

TOT
Standard

Error

Control
Complier

Mean

Graduated On-Time 3750 0.749 0.007 (0.013) 0.019 (0.034) 0.772
Graduated On-Time Post-Match 3755 0.757 0.006 (0.013) 0.014 (0.034) 0.783

Ever Graduated 3770 0.823 0.004 (0.012) 0.008 (0.032) 0.859
Graduated On-Time (zeros) 5653 0.492 0.008 (0.013) 0.023 (0.036) 0.558

Graduated On-Time Post-Match (zeros) 5662 0.499 0.007 (0.013) 0.021 (0.036) 0.564
Ever Graduated (zeros) 5663 0.543 0.009 (0.013) 0.027 (0.037) 0.610

Ever Graduated (Transfers/Unknowns=Dropouts) 5663 0.543 0.009 (0.013) 0.027 (0.037) 0.610
Ever Graduated (Transfers/Unknowns=Graduates) 5663 0.884 -0.002 (0.01) -0.006 (0.028) 0.908

Leave code: Dropout 5663 0.054 0.002 (0.007) 0.006 (0.019) 0.042
Leave code: Corrections 5663 0.028 0.003 (0.006) 0.009 (0.017) 0.011

Leave code: Transfer 5663 0.207 0.002 (0.012) 0.005 (0.033) 0.143
Leave code: Unknown 5663 0.134 -0.013 (0.01) -0.038 (0.027) 0.154
Leave code: No exit 5663 0.026 0.001 (0.004) 0.003 (0.012) 0.023

Leave code: Deceased 5663 0.009 -0.004 (0.003) -0.012 (0.009) 0.016

Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above.
To account for individuals having multiple observations, standard errors are clustered on individuals.
Baseline covariates: Randomization block, treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level,
GPA, days absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed and
variables identifying records as missing data were created and included.
* = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to be false positives.
We treat all outcomes above as one ‘family’. We report the smallest FDR q-value at which we could reject the null for each outcome using the
method from Benjamini and Hochberg (1995).
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Table 14: (Appendix) Study 1: Variations on Missing Outcome Data Imputation

Original Results Quantile Regression (QR) Multiple Imputation (MI)

N Control
Mean

Intent to
Treat

Estimate

Robust
Standard

Error

QR
Estimate

QR
Standard

Error

MI
Estimate

MI Standard Error

SY 2014 Math Test Scaled Score (Z) 1852 0.000 0.082** (0.036) 0.067*** (0.023) 0.079* (0.045)
SY 2014 Math GPA 2215 1.760 0.274*** (0.04) 0.28*** (0.061) 0.268*** (0.04)
SY 2014 Math Courses Failed (percent) 2215 0.191 -0.043*** (0.013) -0.04*** (0.013)
SY 2014 Read Test Scaled Score (Z) 1851 0.000 0.004 (0.04) -0.004 (0.025) -0.006 (0.042)
SY 2014 Non-Math GPA 2244 1.739 0.081** (0.033) 0.073 (0.045) 0.084** (0.033)
SY 2014 Non-Math Core Courses Failed (percent) 2244 0.210 -0.027** (0.011) -0.026** (0.011)
SY 2014 Days Absent 2494 24.242 0.7 (0.831) -0.213 (0.525) 0.702 (0.82)

We present our standard results alongside different approaches to imputing missing data.
We run median quantile regression after imputing 0’s for the outcome variables, denoted as ‘QR’. We calculate bootstrap standard errors.
We also perform multiple imputation via chained equations (denoted ‘MI’). We impute M=50 datasets and pool the estimated effects and robust standard

errors.

Table 15: (Appendix) Study 2: Variations on Missing Outcome Data Imputation

Original Results Quantile Regression (QR) Multiple Imputation (MI)

N Control
Mean

ITT
Estimate

Clustered
Standard

Error

QR
Estimate

QR
Standard

Error

MI
Estimate

MI Standard Error

SY 2015 Math Test Scaled Score (Z) 1865 0.008 0.126*** (0.036) 0.074*** (0.02) 0.085* (0.045)
SY 2015 Math GPA 2062 1.859 0.15*** (0.043) 0.206*** (0.053) 0.107** (0.043)
SY 2015 Math Courses Failed (percent) 2062 0.149 -0.029** (0.013) -0.021 (0.013)
SY 2015 Read Test Scaled Score (Z) 1865 0.007 -0.007 (0.04) -0.016 (0.02) -0.024 (0.046)
SY 2015 Non-Math GPA 2110 1.936 0.065* (0.034) 0.107** (0.047) 0.049 (0.036)
SY 2015 Non-Math Core Courses Failed (percent) 2110 0.138 -0.011 (0.01) -0.009 (0.01)
SY 2015 Days Absent 2474 22.777 0.756 (0.822) 0.171 (0.47) 0.85 (0.813)

We present our standard results alongside different approaches to imputing missing data.
We run median quantile regression after imputing 0’s for the outcome variables, denoted as ‘QR’. We calculate bootstrap standard errors.
We also perform multiple imputation via chained equations (denoted ‘MI’). We impute M=50 datasets and pool the estimated effects and robust

standard errors.
N=65 were randomized into Study 2 twice.
Both assignments are retained in the models above and standard errors are clustered at the student level.
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Table 20: (Appendix) ITT Estimates Interacted with Whether School Above Median in Arrests per-capita
During School Year (Pooled)

Year 1 Outcome N Ctrl Mean Intent-to-Treat
Est.

ITT Standard
Error

Dummy x
Treatment

Status

Interaction SE

Mathematics
Math GPA 4331 1.786 0.306*** (0.045) -0.144** (0.060)

Math Courses Failed (percent) 4331 0.179 -0.055*** (0.013) 0.028 (0.018)
Standardized Math Score 3741 0.001 0.164*** (0.040) -0.085 (0.053)

Non-math academics
Non-Math GPA 4409 1.809 0.087** (0.038) -0.018 (0.050)

Non-math Core Courses Failed (percent) 4409 0.184 -0.028** (0.011) 0.016 (0.015)
Standardized Reading Score 3740 0.001 0 (0.044) 0.004 (0.058)

Behavior
Disciplinary incidents 5035 1.549 -0.213** (0.092) 0.414** (0.162)

Days Absent 5035 23.932 -0.647 (0.709) 2.656** (1.122)
Out-of-School Incs 5035 1.180 -0.117 (0.085) 0.429** (0.167)

Crime
Violent Crime Arrests 5410 0.095 -0.018 (0.014) 0.01 (0.020)

Property Crime Arrests 5410 0.073 -0.004 (0.009) -0.028 (0.018)
Drug Arrests 5410 0.054 -0.007 (0.008) 0.03* (0.016)
Other arrests 5410 0.207 -0.041** (0.018) 0.023 (0.033)

Any Arrests (Dummy) 5410 0.176 -0.029** (0.013) 0.03* (0.018)
All Arrests 5410 0.429 -0.071** (0.031) 0.035 (0.055)

Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above. To account for
individuals having multiple observations, standard errors are clustered on individuals. Baseline covariates: Randomization block,
treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level, GPA, days
absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed
and variables identifying records as missing data were created and included. Non-math GPA refers to all non math courses in core
subject areas (English, Science, Social Science). * = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
Given that randomization block fixed-effects fully explain school fixed-effects, we cannot estimate the main effect for the

’above median’ dummy variable, so we do not report this in the table. However, we can recover and report the interaction effect.



Table 21: (Appendix) Intent-to-treat (ITT) Estimates: Black and Latinx Subsample, pooling both studies

Outcome N Ctrl Mean ITT ITT
Standard

Error

ITT Q-val ITT x
Latinx

Interaction

ITT x
Latinx

Standard
Error

ITT x
Latinx
Q-val

ITT Joint
Test P-val

ITT Joint
Test Q-val

Academics: Math
Math GPA 4133 1.784 0.196*** (0.041) 0.001 -0.004 (0.061) 0.946 0.006*** 0.010

Math Courses Failed (percent) 4133 0.178 -0.032** (0.014) 0.018 -0.002 (0.019) 0.946 0.28 0.280
Math Test Scaled Score (Z) 3574 -0.008 0.084** (0.035) 0.018 0.029 (0.052) 0.946 0.001*** 0.003

Academics: Non-math
Non-Math Core GPA 4209 1.797 0.092*** (0.034) 0.019 -0.053 (0.049) 0.663 0.757 0.940

Non-Math Core Courses Failed (percent) 4209 0.184 -0.022** (0.011) 0.060 0.012 (0.015) 0.663 0.444 0.940
Read Test Scaled Score (Z) 3573 -0.009 -0.002 (0.039) 0.953 -0.018 (0.058) 0.754 0.94 0.940

Behavior
Disciplinary Incidents 4814 1.589 0.001 (0.138) 0.993 0.111 (0.169) 0.876 0*** 0.001

Days Absent 4814 24.139 1.121 (0.896) 0.321 -0.189 (1.208) 0.876 0.101 0.102
Out-of-School Suspensions 4814 1.204 0.182 (0.147) 0.321 -0.06 (0.175) 0.876 0*** 0.001

Crime
Arrests for Violent Crimes 5162 0.098 -0.008 (0.018) 0.671 -0.011 (0.02) 0.620 0*** 0.002

Arrests for Property Crimes 5162 0.070 -0.023 (0.017) 0.330 0.013 (0.02) 0.620 0.099* 0.149
Arrests for Drug Crimes 5162 0.056 0.007 (0.015) 0.671 0.009 (0.017) 0.620 0.935 0.936
Arrests for Other Crimes 5162 0.213 -0.053* (0.028) 0.320 0.056 (0.037) 0.620 0.879 0.936

Ever Arrested 5162 0.179 -0.016 (0.014) 0.391 0.013 (0.018) 0.620 0.001*** 0.002
Total Arrests 5162 0.437 -0.076 (0.047) 0.320 0.065 (0.058) 0.620 0.038** 0.077

We test for differences between the Black and Latinx students in our study sample by running our normal ITT/TOT analysis, and including a term interacting
treatment with an indicator variable for ‘Latinx’. We present those estimates above, along with corresponding FDR Q-values. We also test whether the
coefficients on the interaction term and the Latinx indicator variable are jointly 0; we present this p-value and corresponding FDR Q-value in the
table above. Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above. To account for individuals having
multiple observations, standard errors are clustered on individuals.
The compliance rate for Black students is 0.35 and the compliance rate for Latinx students is 0.43.
Baseline covariates: Randomization block, treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level, GPA,
days absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed and variables
identifying records as missing data were created and included. Non-math GPA refers to all non math courses in core subject areas (English, Science, Social Science).
* = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to be false positives.
Each panel in the above table is a ‘family’, so for example, ‘Mathematics’ represents one outcome family. We report the smallest FDR q-value at
which we could reject the null for each outcome using the method from Benjamini and Hochberg (1995).

Table 22: (Appendix) Treatment-on-the-treated (TOT) Estimates: Black and Latinx Subsample, pooling
both studies

Outcome N Ctrl Mean TOT TOT
Standard

Error

TOT Q-val TOT x
Latinx

Interaction

TOT x
Latinx

Standard
Error

TOT x
Latinx
Q-val

TOT Joint
Test P-val

TOT Joint
Test Q-val

Academics: Math
Math GPA 4133 1.784 0.538*** (0.114) 0.001 -0.143 (0.147) 0.900 0.531 0.798

Math Courses Failed (percent) 4133 0.178 -0.089** (0.038) 0.020 0.017 (0.047) 0.900 0.817 0.818
Math Test Scaled Score (Z) 3574 -0.008 0.241** (0.101) 0.020 -0.016 (0.126) 0.900 0.162 0.487

Academics: Non-math
Non-Math Core GPA 4209 1.797 0.254*** (0.094) 0.021 -0.169 (0.121) 0.463 0.403 0.605

Non-Math Core Courses Failed (percent) 4209 0.184 -0.06** (0.03) 0.063 0.038 (0.038) 0.463 0.263 0.605
Read Test Scaled Score (Z) 3573 -0.009 0.004 (0.111) 0.975 -0.041 (0.139) 0.771 0.812 0.813

Behavior
Disciplinary Incidents 4814 1.589 0.003 (0.425) 0.994 0.244 (0.48) 0.687 0.066* 0.100

Days Absent 4814 24.139 3.374 (2.771) 0.336 -1.335 (3.31) 0.687 0.314 0.314
Out-of-School Suspensions 4814 1.204 0.557 (0.453) 0.336 -0.283 (0.502) 0.687 0.054* 0.100

Crime
Arrests for Violent Crimes 5162 0.098 -0.023 (0.058) 0.690 -0.02 (0.061) 0.783 0.07* 0.422

Arrests for Property Crimes 5162 0.070 -0.075 (0.055) 0.336 0.049 (0.059) 0.614 0.931 0.932
Arrests for Drug Crimes 5162 0.056 0.025 (0.049) 0.690 0.015 (0.053) 0.783 0.884 0.932
Arrests for Other Crimes 5162 0.213 -0.17* (0.092) 0.336 0.186* (0.107) 0.489 0.175 0.524

Ever Arrested 5162 0.179 -0.051 (0.046) 0.406 0.046 (0.053) 0.614 0.521 0.932
Total Arrests 5162 0.437 -0.245 (0.155) 0.336 0.23 (0.174) 0.560 0.831 0.932

We test for differences between the Black and Latinx students in our study sample by running our normal ITT/TOT analysis, and including a term interacting
treatment with an indicator variable for ‘Latinx’. We present those estimates above, along with corresponding FDR Q-values. We also test whether the
coefficients on the interaction term and the Latinx indicator variable are jointly 0; we present this p-value and corresponding FDR Q-value in the
table above. Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above. To account for individuals having
multiple observations, standard errors are clustered on individuals.
The compliance rate for Black students is 0.35 and the compliance rate for Latinx students is 0.43.
Baseline covariates: Randomization block, treatment assignment, gender, age, learning disability, free and reduced lunch recipient, race, baseline grade level, GPA,
days absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed and variables
identifying records as missing data were created and included. Non-math GPA refers to all non math courses in core subject areas (English, Science, Social Science).
* = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to be false positives.
Each panel in the above table is a ‘family’, so for example, ‘Mathematics’ represents one outcome family. We report the smallest FDR q-value at
which we could reject the null for each outcome using the method from Benjamini and Hochberg (1995).



Table 23: (Appendix) Variations on Calculating Grade Variables: Pooling results from both studies

Outcome N Control
Mean

Intent-to-
Treat
Effect

ITT
Standard
Error

Treatment-
on-treated
Effect

TOT SE Control
Complier

Mean

FDR Q-value

Math Outcomes
Number of Math Courses 4331 1.900 0.007 (0.009) 0.017 (0.021) 1.942 0.423
Math GPA 4331 1.786 0.219*** (0.03) 0.521*** (0.071) 1.661 0.001
Math Course Failures 4331 0.308 -0.07*** (0.017) -0.166*** (0.04) 0.348 0.001
Math Course Failures (percent) 4331 0.179 -0.038*** (0.01) -0.091*** (0.023) 0.191 0.001
Math GPA (no selections) 4210 1.807 0.225*** (0.03) 0.525*** (0.071) 1.677 0.001
Math Course Failures (no selections) 4210 0.297 -0.07*** (0.017) -0.163*** (0.039) 0.337 0.001
Math Course Failures (percent) (no

selections)
4210 0.172 -0.038*** (0.01) -0.089*** (0.022) 0.185 0.001

Non-Math Core: All classes
Number of Non-math Core Courses 4409 6.712 -0.061 (0.044) -0.144 (0.105) 6.905 0.210
Non-math Core GPA 4409 1.809 0.076*** (0.024) 0.182*** (0.059) 1.689 0.019
Non-math Core Course Failures 4409 1.112 -0.113** (0.05) -0.271** (0.121) 1.296 0.051
Non-math Core Course Failures

(percent)
4409 0.184 -0.019** (0.008) -0.045** (0.018) 0.200 0.032

Non-Math Core: High grade by subject
Number of Non-math Core Courses 4409 5.518 0.024 (0.029) 0.061 (0.069) 5.679 0.400
Non-math Core GPA 4409 1.864 0.071*** (0.025) 0.17*** (0.059) 1.751 0.025
Non-math Core Course Failures 4409 0.838 -0.076** (0.038) -0.184** (0.092) 0.951 0.062
Non-math Core Course Failures

(percent)
4409 0.170 -0.015** (0.007) -0.037** (0.018) 0.180 0.051

Non-Math Core: Low grade by subject
Number of Non-math Core Courses 4409 5.518 0.024 (0.029) 0.061 (0.069) 5.679 0.400
Non-math Core GPA 4409 1.746 0.079*** (0.024) 0.191*** (0.059) 1.626 0.019
Non-math Core Course Failures 4409 0.970 -0.103** (0.041) -0.248** (0.098) 1.140 0.032
Non-math Core Course Failures

(percent)
4409 0.196 -0.021*** (0.008) -0.052*** (0.019) 0.216 0.025

Non-Math Core: Top 3 classes each semester
Number of Non-math Core Courses 4409 5.656 0.023 (0.027) 0.057 (0.065) 5.793 0.400
Non-math Core GPA 4409 1.916 0.067*** (0.025) 0.161*** (0.06) 1.805 0.025
Non-math Core Course Failures 4409 0.800 -0.082** (0.039) -0.197** (0.093) 0.919 0.051
Non-math Core Course Failures

(percent)
4409 0.160 -0.016** (0.007) -0.038** (0.018) 0.171 0.051

Non-Math Core: Top 6 classes in that year
Number of Non-math Core Courses 4409 5.713 0.016 (0.024) 0.041 (0.058) 5.835 0.479
Non-math Core GPA 4409 1.927 0.069*** (0.025) 0.165*** (0.061) 1.816 0.025
Non-math Core Course Failures 4409 0.810 -0.088** (0.039) -0.211** (0.094) 0.916 0.051
Non-math Core Course Failures

(percent)
4409 0.158 -0.016** (0.007) -0.039** (0.018) 0.167 0.051

We report variations on the calculation of grade variables (GPA and course failures) for both Math and non-Math courses.
For math, our preferred method is to select the appropriate grade-level math grade for each student as their main ’math course’;
e.g. for a 9th grader, if they’re in only one math course that semester, we take that math grade; if they are in multiple courses that semester and take an algebra

course (the grade-level course for 9th graders), we ‘pick’ that algebra grade; if they are in multiple courses and take geometry (the 10th grade level course), we
take that grade. If they don’t take either, then we randomly select a math class.
For non-math core courses, we present 5 methods:
- ‘All classes’ includes all non-math core (science, english, and social science) classes
- ‘High grade by subject’ selects the highest grade for each non-math core topic in each semester, and uses those courses to calculate the outcomes.
- ‘Low grade by subject’ is the same procedure as above, but uses the lowest grade for each non-math core subject per semester.
- ‘Top 3 classes each semester’ uses a student’s three highest non-math grades in a semester regardless of subject.
- ‘Top 6 classes in that year’ uses a student’s six highest non-math grades in that school year, regardless of subject.
Some students (N=65) were randomized into Study 2 twice. Both assignments are retained in the models above.
To account for individuals having multiple observations, standard errors are clustered on individuals.
Baseline covariates: Randomization block, treatment assignment, gender, age, learning disability, free lunch recipient, race, baseline grade level,
GPA, days absent from school, disciplinary incidents, including suspensions, and arrests. Where missing data was found, zeroes were imputed and
variables identifying records as missing data were created and included. Non-math GPA refers to all non math courses, not just core subjects.
* = p-value < 0.1, ** = p-value < 0.05, *** = p-value < 0.01.
False discovery rate (FDR) Q-values are the share of estimates within a family of related outcomes that are expected to be false positives.
All Math outcomes are one family and all non-Math Core outcomes are another family. We report the smallest FDR q-value at
which we could reject the null for each outcome using the method from Benjamini and Hochberg (1995).
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Best Linear Predictor Test: Detecting Heterogeneity

Figure 1: Random Forests for Treatment Heterogeneity - Best Linear Predictor test
For each outcome, the estimate and confidence intervals for the differential forest prediction coefficient of the BLP test are shown for the full-
sample procedure (left) and split-sample procedure (right). Horizontal lines are plotted at 1 and 0.



Q1 avg: 0.102

Q2 avg: 0.183

Q3 avg: 0.237

Q4 avg: 0.334

0.0

0.2

0.4

0.6

0 1000 2000 3000 4000
Reverse−rank of sorted Predicted Treatment Effects

In
di

vi
du

al
 P

re
di

ct
ed

 T
re

at
m

en
t E

ffe
ct

 τ̂
(−

i)  (X
i)

Math GPA: Predicted Treatment Effect vs Rank, N=4100

Figure 2: Random Forests for Treatment Heterogenity: Predicted treatment effects against their rank, math
GPA. Average PTE’s for each quartile are presented.
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Figure 3: Percent of students correctly answering math items given on the ISR math assessment. Each point
corresponds to a single item.
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ISR Math test Item−level ITT Effect by Difficulty

Figure 4: Treatment effects on individual ISR items against item-level difficulty for students above/below the
median baseline standardized math test score. Above/Below median is calculated for all students taking the
ISR math asessment. The lines shown are local polynomial fitted lines to see any underlying nonlinearities in
the relationships between item-level impacts and difficulty. We also include [0.5, 0.95] confidence intervals on
the fitted lines.
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