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A large body of research documents the barriers faced by first-generation, low-income
(FGLI) students as “hidden minorities” on elite college campuses. Although existing
studies show brief psychological interventions can help mitigate some of these obstacles,
universities are investing in more intensive interventions that try to both shift mindsets
and mitigate structural disadvantages in FGLI students’ academic preparation. In
collaboration with the administrators at a highly selective university, we conducted a
randomized controlled trial of a summer bridge program targeted at FGLI students.
During summers between 2017 and 2019, we randomly selected 232 out of 418
first-generation or low-income students and invited them to attend an intensive, six-
week-long residential summer program featuring courses for academic credit. Students
randomized to the control group either interacted with online content offering no
academic credit or had no summer intervention. Our preregistered analysis shows that
the program encouraged FGLI students to pursue a more ambitious first-year program,
increasing the proportion of nonintroductory courses by 7 percentage points. The pro-
gram also increased the proportion of courses taken for a grade rather than as pass-fail by
6 percentage points. These improvements were accompanied by no discernible impact
on first-year grade point averages (GPAs) and academic withdrawal. The findings
show the potential to academically integrate FGLI students into selective university
communities.

inequality | field experiment | higher education | diversity

First-generation, low income (FGLI) have historically been severely underrepresented
at highly selective U.S. universities. At “Ivy-Plus” institutions,” students from families
in the top 1% of the US income distribution are heavily overrepresented, while fewer
than 4% of students come from families earning less than $25,000 a year, the bottom
quintile of the income distribution (1). There exists a large literature on undermatching,
which refers to the phenomenon where students with good academic credentials (e.g.,
high test scores and high school GPAs) either attend less selective institutions than
they are qualified for or do not pursue postsecondary education at all. These studies
show that low-income students are more likely to be “undermatched” and that this
undermatching is correlated with lower rates of college completion (2-7).T Interventions
to remedy undermatching have shown that “information alone” may not be sufficient to
remedy the issue (8); instead, targeted recruiting and generous scholarships can increase
representation of FGLI students (9, 10).

Using targeted recruitment strategies and generous scholarships, highly selective
universities have succeeded at increasing the representation of high-performing, low-
income students. For instance, 19.4% of Harvard’s class of 2026 is composed of first-
generation students compared to 16.3% in their class of 2021 (11, 12). Over the same
time period, Yale increased their proportion from 16.6% to 18% (13, 14). Looking over
a longer time horizon, the increase in access is more pronounced—17% in Princeton’s
class of 2026 are first generation compared to only 6% in the class of 2005 (15). Since
these universities can offer outsize benefits (1), they have an important role to play
in increasing social mobility. Framed in terms of the undermatching literature, highly
selective universities have, through a combination of proactive outreach and generous

*These include the eight Ivy League colleges and Duke, MIT, Stanford, and University of Chicago.

T Authors hypothesize about the mechanism through which undermatching can affect completion rates. They argue that
the undermatched students, who attend less selective institutions, can have less institutional scaffolding and support for
them to graduate within six years.
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financial aid, been able to help FGLI students access universities
commensurate with their outstanding academic credentials.

Yet FGLI students’ formal access to elite universities, the
focus of the undermatching literature, is only one part of the
challenge in promoting social mobility in higher education.
Another difficulty is ensuring that, once granted access, FGLI
students have the same chances at high academic performance
and postgraduation opportunities as their continuing-generation,
higher socioeconomic status peers. Existing research shows how,
amid this increased access, elite universities still struggle to
support enrolled FGLI students (16-21). Specifically, FGLI
students experience lower feelings of belonging in social networks
where wealth presents hidden barriers to inclusion and can
face difficulty seeking help from professors and other campus
resources, hindering academic achievement and career milestones
(16, 18, 22-25). In addition to the on-campus barriers, research
shows how past and ongoing experiences of off-campus family
and neighborhood trauma spill over onto students’ on-campus
experiences (19).

Despite the importance of ensuring that highly selective
universities provide FGLI students with appropriate support,
existing research nearly exclusively focuses on one tool of support:
brief psychological interventions (S/ Appendix, Tables S1 and S2
in ST Appendix, section B summarize past research). Prior studies
have evaluated the impact of brief (less than 1h) psychological
interventions and online programs rather than more intensive
efforts (16, 21, 26-28).

Asamore intensive type of assistance, universities have invested
in summer bridge programs (29). These programs, present at
most of the Ivy-Plus institutions (see a comprehensive list in S/
Appendix, section A), bring FGLI students who have matriculated
at the university to campus the summer before their freshman
year to help them acclimate to campus and prepare academically.
Despite the proliferation of these intensive investments, we are
only aware of one evaluation study (30). This study does not
focus on the highly selective universities that have struggled to
improve the on-campus experiences of FGLI students; instead,
it analyzes a remedial academic program offered at community
colleges and nonselective universities. While these universities
educate a large number of FGLI students, FGLI students at
highly selective universities may face greater hurdles in academic
preparation and more acute issues with feelings of belongingness.

We partnered with a highly selective university (hereafter we
use a pseudonym, SB University) and conducted a preregistered
randomized controlled trial (RCT) to evaluate the impact of
their summer bridge program (§B Program) on student outcomes
in their first year of university (see https://osf.io/gh75m for a
preanalysis plan). First, we show that the students eligible for
SB Program face hardship far beyond their first-generation status,
including high rates of food and housing insecurity, family death,
and other trauma. Second, we show that SB Program significantly
improves outcomes despite this high depth of need. The program
increases two observable measures of academic ambition during
the students’ first year of college—enrollment in nonintroductory
courses and taking courses for a grade rather than pass-fail—
without negatively impacting student GPAs or rates of academic
withdrawal.

In sum, our study makes three contributions. First, we expand
research on supports for FGLI students beyond brief psycho-
logical interventions (16, 21, 26-28), often delivered online, to
include intensive in-person experiences aimed at reducing gaps in
academic preparation. Second, we focus on an intensive program
at a highly selective university, a setting where past research
has documented that FGLI students face significant on-campus
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challenges. Third, our field experiment allows us to identify
effects for the target population of all FGLI students flagged
by administrators as potentially benefitting from the program, in
contrast to some past studies that have opt-in participation and
that thus estimate effects on a select subset of students (16, 26).

Overview of Experimental Design and Analysis

Next, we provide a brief overview of our experimental design
and analysis while leaving the details to Materials and Methods.
SB University is a highly selective U.S. university that accepts
fewer than 10 percent of applicants, has median SAT scores in
the 1,500 range on the 1,600 point scale, and over 30% of the
incoming class attended a private high school. The university,
like many of its peer institutions, has tried to increase the racial
and socioeconomic diversity of the student population through
targeted recruitment of high-achieving, low-income students,
need-blind admissions, and generous financial aid.

Alongside its attempts to increase enrollment of FGLI students
are efforts to enable the success of FGLI students who matriculate
at the university. Many of these students attended underresourced
high schools that risk leaving them underprepared for two
important aspects of campus life at SB University. First is the
rigorous formal academic curriculum. Second is the “hidden
curriculum,” a set of generally unwritten rules and norms for
navigating academic achievement, including the use of office
hours and student groups, that often represents an additional
barrier to FGLI student success (19).

We randomized three cohorts of students (/N = 418 total,
with 232 students randomized to treatment and 186 students
randomized to control during the summers of 2017-2019).
These students were selected by administrators from a pool
of students who were marked as potentially eligible for SB
Program by the university admissions office. Administrators
assessed need through both quantitative data in the students’
application (SAT/ACT scores; high school curriculum) and
through hardship flags coded through their application essays
(e.g., food and housing insecurity). All students were those
flagged by administrators as potentially benefitting from a
program targeted at FGLI students, though some students had
one status but not the other (e.g., were low income but had one
parent attend some college).

Within this analytic sample, administrators grouped students
into tiers based on their relative need for the program. We
then randomized the treatment assignment within each tier by
giving a higher probability of selection to the students whom
administrators deemed as having greater need. Students in the
treatment group received an invitation to attend a residential
form of SB Program that offered academic credit and intensive
interaction. As discussed in Materials and Methods and SI
Appendix, section C1, this stratified randomization also allowed
us to reduce the resulting variance of causal effect estimates in
our subsequent analysis.

SB Program is a multiweek residential program where stu-
dents enroll in credit-bearing, graded courses. Students take a
small, seminar-style humanities course as well as a quantitative
Science, Technology, Engineering, and Mathematics (STEM)
laboratory course. In addition to academic coursework, the
program provides training in SB University’s hidden curriculum,
offering guidance on what to expect socially and how to seek
academic help from on-campus tutoring and other resources.
Throughout the program, administrators schedule extracurricu-
lar community-building activities and provide opportunities for
students to meet faculty members across a range of fields. Students
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are also invited to various programs after the summer that focus
on academics, mentorship, professional development, and social
activities. Administrators point to the credit-bearing nature of the
courses and in-person, intensive support networks as particularly
important ingredients to the success of students in the program.
While there is less research studying preparatory credits, other
research shows that in-person support networks are an important
aspect of FGLI students’ feelings of belongingness (31).

The program is free for all participating students and provides
them with meals, housing, coverage of travel costs, and a stipend.
More concretely, the stipend covers miscellaneous expenses
beyond food and lodging and is calibrated to SB University’s
financial aid package, giving students approximately $75 per
week or approximately $600 over the course of the summer.
While the stipend is less than students would earn in part-
or full-time summer employment, from conversations with
university administrators, the main reason that students decline
their invitations to the in-person version of SB Program is not
related to competing employment opportunities. Instead, the
majority of students who decline their offers either cite family
responsibilities like caregiving for younger siblings or are already
participating in similar opportunities or enrichment programs.
While some students are initially drawn to paid employment,
discussions with administrators often highlight the longer-term
value of the SB University degree, and preparation for that degree.
Many students thus forgo paid summer employment for the free
enrichment opportunity.

Table 1 describes the contrast between the treatment arm—
an invitation to the in-person SB program—and the control
group who do not receive an initial invitation. Students who
did not receive an invitation to the residential program largely
either engaged in no preparatory programming over the summer
or viewed online programming that lacked course credit and
in-person interactions with peers and staff, core features of the
residential programming.

A small percentage of students randomized to the control
group were removed from the waitlist and attended the in-person
version. SI Appendix, section F shows the summer activities of
students randomized to each group. Importantly, our intent-to-
treat (ITT) estimates are based on each student’s initial invitation
status, even if that student later made it off the waitlist.

Table 1. Features of the randomized treatment in-
tervention (attendance at in-person summer bridge
program) compared to control

Feature Treatment: Invited to Control: not invited
in-person SB to in-person SB
Program Program
For-credit All take scholarly None
coursework reading/writing +
All take choice of
quantitative/STEM
course
Other All for-credit Can view
coursework non-credit-bearing

online content

Interactions with In-person through  Can interact online

FGLI peers residential with small groups
experience
Introductionto  In-person Can meet online

university
faculty and staff
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Given that not every invited student attended the residential
program, we examine two causal estimands:

1. ITT effect: this measures the impact of being invited to the
in-person version of SB Program, regardless of whether the
student accepted the invitation and attended. This estimand
is relevant because despite the fact that the program is free and
provides a stipend for attendance, as we show later, a nontrivial
portion of invited students choose not to attend SB Program
for the reasons we discussed previously. Conversely, because
administrators wanted to ensure that no spots in the program
went empty, some students randomized to the control group
(no initial invitation) were later moved off the waitlist and
invited. The ITT effect, therefore, measures the impact of
the invitation to the SB Program rather than the program
itself.

2. Complier average causal effect (CACE): We also examine the
impact of the program among “compliers” or those students
who would attend the SB Program only when invited. Note
that there are two types of students who are not included
in this group of compliers: those who would never attend
the program even when invited and those who would attend
the program regardless of whether they receive an invitation.
We discuss details of the estimation later in this section, but
broadly use two-stage least squares for estimation.

We examine two types of preregistered outcomes over the
student’s first year. First are measures of academic difficulty: 1)
the registered levels of enrolled courses, and 2) whether courses are
taken for a grade or pass-fail. Second are academic outcomes, with a
focus on first-year GPAs, credit deficiencies, and leaves of absence
for academic reasons. ST Appendix, section D discusses secondary
outcomes, which include grades in specific subject areas such as
STEM and writing coursework. Academic outcomes occurred
both during normal academic programming (summer 2017 and
2018 cohorts; SY 2017-2018 and SY 2018-2019, respectively)
and with academic programming impacted by the COVID-19
shift to online learning (summer 2019 cohort). For comparability
with past studies, we focus on first-year outcomes and pool the
three cohorts to gain statistical power.

Once these three cohorts reach graduation, we plan to conduct
a separate long-term follow-up analysis with four-year graduation
rates and end-of-college GPAs. This long-term follow-up is
important because even at selective colleges, first-generation
students have significantly lower rates of on-time graduation (32).
The null impacts on GPA and rates of withdrawal we show later
may change as students progress through their college career.

For the ITT effects, our main specification is a regression
model that includes the binary treatment assignment variable as
well as each student’s randomization block indicator variable.
This block variable represents a nonoverlapping subgroup of
students defined by the student’s summer cohort (2017, 2018,
or 2019), their priority tier within the cohort (high priority,
medium priority, and low priority, with one summer having
a fourth category for highest priority), and, within a tier, any
further strata to group similar students (see S Appendix, section
C.1 for more details on the randomization approach).* In sum,
the block variable adjusts for the student’s summer of invitation,
their priority tier within that summer, and their block within a

Within each tier, we created either small blocks or matched pairs for students with similar
SAT scores and similar linear predictors from an ordered logit that regressed the “tier of
priority” the administrators placed the student in on observed, pretreatment attributes.
In summer 2018, blocking did not substantially improve balance so the tiers were the only
stratifying factor.

https://doi.org/10.1073/pnas.2404924121

3of 8


https://www.pnas.org/lookup/doi/10.1073/pnas.2404924121#supplementary-materials
https://www.pnas.org/lookup/doi/10.1073/pnas.2404924121#supplementary-materials
https://www.pnas.org/lookup/doi/10.1073/pnas.2404924121#supplementary-materials
https://www.pnas.org/lookup/doi/10.1073/pnas.2404924121#supplementary-materials

Downloaded from https://www.pnas.org by GEORGETOWN UNIVERSITY LIBRARY ; SERIALS DEPT on May 4, 2026 from |P address 141.161.13.75.

priority tier where applicable (see SI Appendix, section E.1 for
technical details).

We also examine the robustness of our empirical results to
three other preregistered specifications discussed in ST Appendix,
section E.2, including ones that further adjust for additional,
pretreatment covariates. Finally, SI Appendix, section E.3 dis-
cusses our approach to estimating the CACE using a two-stage
least squares approach to adjust for the fact that not every invited
student attended the SB Program while some others in the control
group attended either the online or in-person program.

Results

In this section, we discuss our main results. We begin by
describing the characteristics of our analytic sample, and then
present our empirical findings.

Students Eligible for SB Program Have a High Degree of Need
and Challenges. Table 2 describes our analytic sample (see also
SI Appendix, Table S5 which shows the number of students
by cohorts). The table highlights the degree of both material
disadvantage and trauma that students in our analytic sample
have experienced before they enter university.® The majority
are “doubly disadvantaged” (19) in that they attended an
underresourced high school and have not yet benefited from
participation in a college preparatory, pipeline program (i.e.,
QuestBridge; Prep for Prep; and other initiatives whose goal
is to increase diversity at highly selective universities). While
a third have parents who attended some college, students in
that category had other forms of need; for instance, many have
experienced trauma from family deaths and food and housing
insecurity. Overall, the high degree of need shows the importance
of the intensive summer program. S/ Appendix, Table S6,
which compares these attributes between treatment and control
group students, shows that the randomization balanced these
attributes.

SB Program Makes Students Pursue a More Challenging
First-Year Program. We first examine whether SB Program helps
students embark on a more challenging first-year academic

Table 2. Attributes of students in the analytic sample

Attribute Percentage or value

Family hardship 41
Food insecurity 12
Housing insecurity 10
Family death 25
Neither parent attended college 66
Did not attend pipeline 56
SAT 25th percentile 1,400
SAT 50th percentile 1,460
SAT 75th percentile 1,500

Students’ highest test scores were recoded to the 1,600-point SAT scale. The table shows
both high rates of hardship prior to matriculation at SB university and potential academic
challenges, with the median SAT score (1,460) is 50 to 80 points below the university's
average. The supplement shows that the two groups are well balanced along these
dimensions.

§Unfortunately, because many of these characteristics were coded through detailed
reading by SB Program administrators of admissions documents rather than existing as
structured fields in the university's application, we do not have corresponding estimates
for the entire undergraduate population at the university. While we are not able to
measure these attributes in the entire incoming class, SB Program administrators note
the levels are much higher in the analytic sample than in the broader undergraduate
population.
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program. This is an important goal of SB Program as it seeks to
provide students with the confidence to tackle challenging course-
work and the academic tools to compensate for underresourced
high school curricula. Table 3 shows the two estimates of the
program’s impact: the estimated ITT effect of invitation to attend
the in-person version of SB Program and the estimated CACE of
attending the program (see S/ Appendix, section E for details of
estimation).

We find that the program significantly improves three mea-
sures of academic difficulty. First is the percentage of a student’s
units that are more advanced, nonintroductory courses.% Second
is the student’s total units, though this effect is no longer
statistically significant when we remove units earned during SB
Program. Third is the student’s proportion of courses taken for a
grade.

These improvements are not only statistically significant but
also substantively meaningful. On average, attendance at the in-
person version of SB Program causes a 7 percentage point increase
in the student’s proportion of nonintroductory classes (an 18%
increase over the baseline rate), more than a one unit increase
in credits taken (a 14% increase over the baseline rate), and a 6
percentage point increase in the proportion of courses students
take for a grade rather than pass-fail (a 7% increase over the
baseline rate).

Table 3 also shows the weighted control group mean in each
group. For instance, the control group typically takes fewer than
9 units in their first academic year, which is above university
requirements for remaining on track but is not an especially
heavy course load at a semester-system school. The participation
in SB Program increases this by approximately 1.2 units. S/
Appendix, section G.1 shows the full regression results for this
main specification as well as the robustness of the results to the
three other preregistered specifications.

In sum, we show that the program improves three measures of
the difficulty of the student’s first-year program: courses taken for
a grade, the number of nonintroductory courses, and total units
attained, though the lattermost impact operates through units
attained during the summer program. These outcomes may be
interrelated. For instance, the additional course credits earned
during SB Program might help students take a higher proportion
of courses for a grade rather than pass-fail since they can afford
to drop a course. Other students may need to remain in a course
but switch it to pass-fail since they need the credit hours; the
credit buffer from SB Program might enable the more ambitious
course taking since the students have enough credits even if they
ultimately drop the course.

Little Evidence for Adverse Impacts on GPA, Issues Attaining
Credits, or Rates of Academic Withdrawal. Amid these positive
impacts on measures of academic difficulty, Table 4 shows little
evidence that the invitation to and participation in SB Program
affects first-year GPAs. This is true regardless of whether one
accounts for grades earned during the summer program. There is
also little evidence of differences in rates of taking too-few credits,
with rates low across each group.

Furthermore, there is little evidence of differences in rates of
academic withdrawal, which is low across both groups (about
eight percent of students). While the estimates are noisy, both
the impact on all students invited and invited students who
participated have Cls that cross zero. SI Appendix, section G.2
shows the full regression results for the main specification as well

IThis is operationalized using the university registrar's tiering system, and calculated as
the percentage of courses a student takes in their first year program that are >100 level.
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Table 3. SB Program causes students to pursue a more challenging first-year academic program

Outcome Estimand Estimate Control mean N
Prop. nonintroductory classes ITT 0.04 [0, 0.07] 0.38[0.35, 0.41] 418
CACE 0.07 [0, 0.14] 418
Prop. units for grade ITT 0.03[0.01, 0.06] 0.87[0.85, 0.89] 418
CACE 0.06 [0.02, 0.1] 418
Total units (includes SB) ITT 0.64[0.4, 0.89] 8.46 [8.3, 8.62] 418
CACE 1.18[0.82, 1.53] 418
Total units (excludes SB) ITT -0.14[-0.31, 0.03] 8.19[8.07, 8.32] 418
CACE —0.24[-0.57, 0.08] 418

The first set of columns show the regression estimates from two specifications, examining outcomes that reflect a more challenging first-year academic program. The smaller point
estimates with tighter Cls correspond to the ITT effects on students invited regardless of attendance. The larger point estimates with wider Cls correspond to the effects on students who
“complied,” or accepted the offer to attend the residential program. The second set of columns show the raw mean for the control group reweighted by the inverse probability weights
discussed in S/ Appendlix, section E.1 and the lower and upper bounds on those means (the SE around the mean + 1.96). We see significant impacts on three of four outcomes, with the
differences in total credits going away when we do not include credits earned over the summer.

as the robustness of the results to the three other preregistered
specifications.

Focusing on GPA, Fig. 1 shows how the program provides
a GPA boost; students earn higher grades during the summer
courses than they earn during the school year, with summer
course grades clustered in the A- range (median GPA: ap-
proximately 3.65) compared to the B+ range for school year
courses (median GPA: approximately 3.34). A Kolmogorov—
Smirnov test confirms that the distribution of summer grades
differs significantly from the distribution of school year grades
(P < 0.001).*

This boost, however, puts treatment group students on parity
with rather than ahead of control group students, as Table 4
shows that the program had little estimated effect on raising
GPAs. The figure also illustrates the wide variance in GPAs and
high academic achievers (near 4.0 GPAs) in both the treatment
and control groups.

SI Appendix, section G.3 shows similar null results on the
secondary outcomes of grades in STEM courses and in a required
expository writing course. SI Appendix, section H shows similar
null results when we construct a measure of GPA adjusted to the
mean university-wide grades in different levels of courses. In sum,
our analysis shows that the increased program difficulty neither
harmed GPA overall or students’ grades in specific, time-intensive
coursework.

Does Increased Use of Academic Help Centers Mediate the
Program’s Impact? The residential form of SB Program is a
complex intervention that delivers many small interventions
simultaneously, including academic programming, peer sup-
port, and interactions with supportive adult mentors. Without
randomizing students to different versions of the residential
programming—for instance, some students take credit-bearing
classes only, other students take those classes and receive more
adult mentorship—it is impossible to isolate the specific causal
mechanisms behind the program’s effect (33).

However, one could examine whether the program’s impact
on the difficulty of students’ first-year programs is mediated
by a factor that past research has identified as a barrier to
FGLI success: willingness to seek out academic help (19). Is
the program’s positive impact on the difficulty of the student’s
first-year program mediated by a mechanism where students in
the treatment group are more willing to utilize university-based,
academic support resources?

To operationalize concepts of willingness to seek academic
help, we use deidentified metadata on students’ visits to on-
campus academic resource centers during their first year. The
treatment group has a slightly higher mean of total help center
visits—a mean of 0.89 [0.51, 1.28] visits in the first year in
the treatment group compared to 0.77 [0.38,1.15] in the
control group—but the high variance in total visits means the

Table 4. SB Program has no adverse impact on GPA, rates of too-few credits, or rates of academic leave

Outcome Estimand Estimate Control mean N
First-year GPA (includes summer grades) ITT 0.02 [-0.07,0.1] 3.3[3.24, 3.36] 418
CACE 0.03[-0.11, 0.18] 418
First-year GPA (excludes summer grades) ITT —-0.02[-0.1, 0.07] 3.29 [3.23, 3.35] 418
CACE —0.02[-0.18, 0.14] 418
Too-few credits ITT —0.04 [-0.1, 0.02] 0.12[0.07, 0.16] 418
CACE —0.08 [-0.19, 0.03] 418
Takes academic leave ITT 0.02 [-0.07, 0.1] 0.08 [0.04, 0.13] 418
CACE -0.02[-0.11, 0.07] 418

Both the Intent-to-Treat (ITT) effect and complier average causal effect (CACE) estimates are presented, along with the 95% Cls. The ITT effect represents the average impact of invitation
to attend the SB program while the CACE is the effect of attending the program among those who would accept the invitation. We find little evidence for the impact of invitation to or

participation in SB program on these outcomes.

#This difference is statistically significant when we estimate the difference in the full sample and the difference among treatment group students, who are more likely than control group
students to have an observed summer GPA. This higher distribution of grades could occur due to several mechanisms. First, the summer coursework has a significantly higher amount
of embedded academic support than regular-year courses. Second, the summer courses are smaller on average—closer to 20 to 30 students—than typical school year courses, which
may also help with student achievement. Third, grading may vary between the summer and school-year coursework.
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Fig. 1. SBprogram had no statistically distinguishable effect on GPA. Notes:
The scatterplot shows both the heterogeneity in GPAs across the analytic
sample—with some students earning a close to 4.0 freshman GPA and others
struggling to earn above a 2.5 GPA—and the GPA boost that the grades
earned during the summer program provides.

difference in groups is not statistically distinguishable from zero."

SI Appendix, section ] presents additional details of examining this
mediator, with S/ Appendix, Fig. S4 showing the full distribution
of visit counts across each group. Due to the treatment’s lack
of impact on levels of the mediator, we did not conduct a full
mediation analysis.

Did the Program Benefit Some Students More Than Others? We
also examine whether or not the program benefits some students
more than others. Although FGLI students are highly disad-
vantaged (Table 2), there exists heterogeneity across students in
the degree of this disadvantage with some FGLI students facing
more acute need than others. We investigate whether the program
benefits all students similarly or provide greater benefits to some
students.

Existing research offers competing predictions. On one hand,
students exposed to pre-SB University pipeline programs—the
“privileged poor” in Jack’s framework (19)—might benefit less
from SB Program because of redundancies between SB Program’s
content and preuniversity experiences. On the other hand, these
students have already gained some cultural capital from past
enrichment efforts, so may benefit more from SB Program than
their “doubly disadvantaged” counterparts.

In addition to examining the first preregistered moderator of
past pipeline program, we also estimate heterogeneous effects
for two other, preregistered moderators: 1) prematriculation
standardized test scores (highest score coded to the SAT scale)
and 2) whether neither of the student’s parents attended college
or whether one parent had some college exposure.

SI Appendix, section 1 presents the full regression results.
We find few consistent heterogeneous effects, either for the
academic difficulty outcomes or the outcomes with null main
effects (GPA). For instance, while standardized test scores have
a strong positive correlation with first-year GPA, we find no
statistically significant differential impacts of the program by
prematriculation test scores.

The lack of detectable heterogeneous effects may not be
surprising for two reasons. First, at our given sample size,

IIWe also preregistered examining an alternative visits measure, which is an indicator
variable representing whether or not a student has any visit. The treatment group has
slightly higher visit rates (17% of treatment group students visit an academic help center
at least once compared to 14% of control group students). But this difference too is not
statistically distinguishable from zero.
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heterogeneous effects would have to be sufficiently large to be
detected given the small sample sizes of certain subgroups.™
Second, the heterogeneous effects are estimated within an
analytic sample comprised students who are all deemed highly
disadvantaged by administrators. If SB Program were expanded
to the full pool of incoming students, we might expect it to have
larger effects on disadvantaged students than on students without
these markers of disadvantage.

Discussion

Summer bridge programs are a promising policy for universities
to address some of the challenges faced by first-generation,
low-income students. Intensive, residential programs provide an
extended opportunity for students and program administrators
to work together to help address student needs, which may
be multifaceted and difficult to address with brief online
interventions. We experimentally evaluate the impacts of a
multiweek residential summer bridge program on outcomes for
FGLI students.

We find that students randomly assigned to receive an invi-
tation to a summer bridge program pursued a more challenging
first-year academic program. This increase in academic ambition
came with no discernible negative impact on GPAs. Thus,
students who attended the program took more advanced courses
than those who did not while still performing just as well
academically. Subsequent analyses suggest these benefits may
apply to all FGLI students similarly, and not just those with
additional, precollege privileges and opportunities. The estimated
cost of SB Program is $15,000 per student, which includes food,
lodging, their stipends, and payment to the teaching faculty
and course assistants. While this is a costly intervention, the
SB University administrators view the program as an important
commitment that aligns with the university’s values in welcoming
FGLI students to its campus. They plan to continue the in-
person version given the benefits and alignment with these values.
Other universities, however, may judge the cost-benefit ratio
differently and consider alternatives like online programming,
shorter-duration summer programming, or scaffolding that is
restricted to the academic year.

Future work should track longer-term outcomes as students
graduate from university and enter postgraduation workforces,
beyond the first-year outcomes we focus on here. College
transition and campus adjustment are a core emphasis of summer
bridge programs, and our results here show that the program
we study encouraged students to pursue more difficult college
courses with no impact on academic performance. Nonetheless,
positive impacts of any summer bridge program could compound
over time, if (for example) student academic paths diverge in later
college years or students benefit from bridge program communi-
ties in later years when secking postgraduation opportunities.

Future research should also examine nonacademic outcomes.
For example, an intensive summer bridge program could be an
ideal opportunity to address other challenges FGLI students face,
such as feelings of belonging or comfort when interacting with
university authority figures (16, 18, 22, 24, 25). Analyzing these
social and psychological outcomes would complement existing
studies on mindset-focused interventions (16, 21, 26, 27).
In addition, for student privacy reasons, we examined broad
categories of courses (e.g., STEM; writing), rather than specific

**We did not preregister conducting a formal power analysis for these conditional average
treatment effects. A non-preregistered, post hoc power analysis now that we know the
estimated effect sizes is inadvisable.
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course-taking patterns that might have produced the course
difficulty results. Future research could examine more granular
course-taking trajectories.

Our study contributes to the growing body of evidence on
how to address the unique challenges that FGLI students face
in university environments. Nevertheless, it remains difficult
to make generalizable claims about the effectiveness of these
programs because of multiple sources of heterogeneity across
studies, including student populations, university environments,
and program content. Future work should further explore these
differences to help us further understand how summer bridge
programs best support students.

Materials and Methods

Analytic Sample and Randomization. Our analytic sample comprises stu-
dents from three summer cohorts who attended the program (see S/ Appendix,
Table S5 for the breakdown of sample size across these three cohorts). In April
of each year, after high school seniors had accepted SB University's admissions
offer, we worked with university administrators on the evaluation design. The
study was approved by SB University's Institutional Review Board (IRB) prior to
the randomization. ™ The IRB provided a waiver of informed consent because
1) this research involved no more than minimal risk; 2) the waiver would not
adverselyaffectthe rights and welfare of the potential participantsin SB Program;
and 3) it was determined that the research could not be carried out without the
waiver or alteration.

For the first part, we mitigated the risk by both shielding the highest-priority
students identified by administrators from randomization so that administrators
could automatically issue them an invitation, thus excluding them from the RCT,
and, for the students who remained, using higher probabilities to invite certain
students who the administrators thought should be given a priority. For the
second part, we offered the control group the online version of programming
(as opposed to no programming) so that the control students are also given
an opportunity to participate in a summer program. Finally, for the third part,
since the RCT did not involve any additional interventions beyond the normal
summer programming, and just involved use of existing administrative data,
it was determined that opt-out biases, which would arise if students consent to
the use of their deidentified administrative records, are likely to threaten the
validity of the RCT.

Focusing on the design, we provide a summary of randomization procedure
while leaving the details to S/ Appendix, section C.1:

1. SB University forwarded a pool of potentially eligible students to the
administrators of SB Program. This pool was based on broad factors like
Pell Grant receipt, high school curriculum, expected family contributions,
and parent educational attainment.

2. SB Program administrators further narrowed down this potentially eligible
pool based on a range of family, academic, and high school characteristics,
measured both quantitatively and through the admissions essays. They then
placed students into two groups:

(a) Students who are in high need and ineligible for randomization.
These high-need students had zero probability of being randomized
to the control group, because administrators removed them from the
randomization pool for ethical reasons. These students, who number
fewer than 20 each summer, fall outside our analytic sample.

(b) Students who are in lower need and eligible for randomization. The
remaining students were randomized and consist of our analytic
sample.

3. SB program administrators grouped students who are eligible for random-
ization into priority tiers. The goal is to ensure that students flagged as high
priority by administrators within our analytic sample receives higher odds of
selection for SB In person (see SI Appendix, section C.1 for details).

T We are not able to disclose the name of the approving IRB since this IRB is located at
the institution that hosts SB Program.
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4. Research team randomized the students. Finally, based on the above
information, we conducted randomization. First, prior to randomization,
we stratified on observed pretreatment covariates (SAT/ACT score; pipeline
program participation; presence of different forms of hardship). Second, we
gave higher priority to students whom SB Program administrators felt were
more in need of SB Program.

The exact method we used varied slightly between summer cohorts (see
SI Appendix, section C.1 for details). In summer 2017, we used a mix of
3-student blocks and 2-student blocks (matched pairs) within each tier to
achieve covariate balance. In summer 2018, within-tier blocking did not
significantly improve balance, so the priority tiers were the only stratifying
factor. In summer 2019, we again used 2-student blocks within tiers. Across
all summers, students in higher administrator-designated tiers received
higher odds of an invitation to in-person SB Program.

This randomization process resulted in a high degree of covariate balance
between the treatmentand control students. While Table 2 highlights the degree
of disadvantage of the students in the analytic sample, the randomization
procedure meant that the treatment and control groups were well balanced
along important characteristics. S/ Appendix, Table S6 shows balance in student
attributes between these two groups.

Research Questions and Measurement of Outcomes. \We measure out-
comes over the student's first year, which occurred both during normal
academic programming (summer 2017 and 2018 cohorts) and with academic
programming impacted by the COVID-19 shift to online learning. For reasons of
statistical power, we pool students across cohorts but adjust for cohort-specific
effects by including fixed effects for randomization blocks. Specifically, we focus
on the following, preregistered research questions:

o GPA: Did SB Program lead to higher academic performance in the first year
of college, defined in terms of GPA?

- One goal of SB Program is to help students from less well-resourced
high school environments succeed academically at the selective
private university, both through imparting “hard skills” in the form
of academic programming, and through improving "soft skills” such
as encouraging students to seek out academic support and help.

e Academicdifficulty: Did SB Program lead to lower rates of academicdifficulty in
thefirst year of college, defined in terms of helping a student avoid indicators
of academic distress?

- This question is concerned about the effect of SB Program on low
academic performance. Past work has found that similar interventions
may lower the probability of a student experiencing adverse academic
outcomes like dropout (21, 27). Since the selective private university
has a low dropout rate, we focus on a temporary withdrawal from the
university or academic probation. Specifically, we analyze two binary
outcomes that are indicators for two forms of academic difficulty:
nonvoluntary withdrawals and having too few passing credit units for
ayear.

¢ Academicambition: Did SB Program improve academic ambition and course-
taking difficulty?

- We use the following three measures. First is total units taken, which
is measured in two ways—including or excluding the units from $B
Program. Second is the proportion of nonintroductory courses, which
reflects taking a more difficult set of classes. Third is the proportion of
units that are taken for a grade, measuring attempts to take courses
for a grade rather than pass-fail.

For the outcomes involving credits and grades, we constructed two versions,
each of which has different strengths and weaknesses for measuring academic
inequality. Firstare versions with the grades and credits from SB Program; this is
the version of a student's GPA that the student him or herself, advisers, graduate
schools, and future employers observe. Second are versions without the grades
and credits from SB Program; if the “with SB GPA" or other outcomes show
between-group differences, this helps us understand the extent to which these
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differences derived from the grades and credits earned during SB Program or
from grades and credits after SB Program. We also added a non-preregistered
"difficulty-adjusted GPA measure” that we describe further in S/ Appendix,
section H.

Data, Materials, and Software Availability. Data and replication code is
available within the Harvard Dataverse repository and is accessible at the
following url: https://doi.org/10.7910/DVN/DLBFNS (34).

ACKNOWLEDGMENTS. We thank our dedicated project partners at SB
University. We also thank the following students for capable research assistance:

1. R.Chetty, J. N. Friedman, E. Saez, N. Turner, D. Yagan, Income segregation and intergenerational
mobility across colleges in the United States*. Q. J. Econ. 135, 1567-1633 (2020).

2. W.G.Bowen, M. M. Chingos, M. McPherson, Crossing the Finish Line: Completing College at
America’s Public Universities (Princeton University Press, 2009).

3. M.Roderick, V. Coca, J. Nagaoka, Potholes on the road to college: High school effects in shaping
Urban students’ participation in college application, four-year college enrollment, and college
match. Sociol. Educ. 84,178-211(2011).

4. C.Hoxby, C. Avery, "The missing “One-offs": The hidden supply of high-achieving, low-income
students” in Brookings Papers on Economic Activity, D. H. Romer, J. Wolfers, Eds. (Economic
Studies Program, The Brookings Institution, 2013), vol. 44, pp. 1-65.

5. J.Smith, M. Pender, J. Howell, The full extent of student-college academic undermatch. Econ.
Educ. Rev. 32, 247-261(2013).

6. A.S.Belasco, M. J. Trivette, Aiming low: Estimating the scope and predictors of postsecondary
undermatch. J. High. Educ. 86, 233-263 (2015).

7. S.Tomkins, J. Grossman, L. Page, S. Goel, Showing high-achieving college applicants past
admissions outcomes increases undermatching. Proc. Natl. Acad. Sci. U.S.A. 120, €2306017120
(2023).

8. 0. Gurantzetal., A national-level informational experiment to promote enrollment in selective
colleges. J. Policy Anal. Manag. 40, 453-479 (2021).

9. S.Dynarski, C. Libassi, K. Michelmore, S. Owen, “Closing the gap: The effect of a targeted, tuition-
free promise on college choices of high-achieving, low-income students” (Working Paper Series
25349, National Bureau of Economic Research, 2018). http://www.nber.org/papers/w25349.
Accessed 1 December 2018.

10. R.J.Andrews, S. A. Imberman, M. F. Lovenheim, Recruiting and supporting low-income, high-
achieving students at flagship universities. Econ. Educ. Rev. 74, 101923 (2020).

11. A A Chaidez, S. W. Zwickel, "Makeup of the Class.” The Harvard Crimson https://features.
thecrimson.com/2018/freshman-survey/makeup-narrative/. Accessed 1 February 2024.

12. R.D.Hamid, N. L. Orakwue, “83 percent of admitted students to join Harvard College Class of
2026." The Harvard Crimson, https://www.thecrimson.com/article/2022/7/7/class- of- 2026-yield-
data/. Accessed 1 February 2024.

13.  Yale Office of Undergraduate Admissions, Yale College Class of 2021 First-Year Class Profile (2017),
https://admissions.yale.edu/sites/default/files/files/class_profile_2021_final.pdf. Accessed 1
February 2024.

14. Yale Office of Undergraduate Admissions, Yale College Class of 2026 First-Year Class Profile (2022).
https://admissions.yale.edu/sites/default/files/2026profileweb.pdf. Accessed 1 February 2024.

15. E. Aronson, “Princeton joins national celebration of first-generation college students.” Princeton
University, https://www.princeton.edu/news/2021/11/08/princeton-joins-national-celebration-
first-generation-college-students. Accessed 1 February 2024.

16. N. M. Stephens, M. G. Hamedani, M. Destin, Closing the social-class achievement gap: A
difference-education intervention improves first-generation students' academic performance
and all students’ college transition. Psychol. Sci. 25, 943-953 (2014).

8of 8 https://doi.org/10.1073/pnas.2404924121

Dara Casey, ElenaKoskhkin, Eleanor Walter, Morgan Welch, and Shengrou (Rosy)
Zhong. Finally, the comments from an anonymous reviewer of the Alexander
and Diviya Magaro Peer Pre-Review Program improved the presentation of
results reported in this paper. A preprint of the present paper was posted
on SocArXiv on March 11th, 2024, and is available at the following link:
https://osf.io/preprints/socarxiv/byc3r.

Author affiliations: 2McCourt School of Public Policy, Department of Sociology, George-
town University, Washington, DC 20001; PDepartment of Politics, Princeton University,
Princeton, NJ 08544; and Department of Statistics, Harvard University, Cambridge, MA
02138

17. A Lareau, Cultural knowledge and social inequality. Am. Sociol. Rev. 80, 1-27 (2015).

18. A.A. Jack, (No) harm in asking: Class, acquired cultural capital, and academic engagement at an
Elite University. Sociol. Educ. 89, 1-19 (2016).

19. A.A.Jack, The Privileged Poor: How Elite Colleges Are Failing Disadvantaged Students (Harvard
University Press, 2019).

20. T.G. Wilbur, V. J. Roscigno, First-generation disadvantage and college enrollment/completion.
Socius 2,2378023116664351(2016).

21. D.S.Yeager et al., Teaching a lay theory before college narrows achievement gaps at scale.

Proc. Natl. Acad. Sci. U.S.A. 113, E3341-E3348(2016).

22. E.A. Armstrong, L. T. Hamilton, Paying for the Party (Harvard University Press, 2013).

23. L. A Rivera, Pedigree: How Elite Students Get Elite Jobs (Princeton University Press, 2016).

24, L.T.Phillips, N. M. Stephens, S. S. M. Townsend, S. Goudeau, Access is not enough: Cultural
mismatch persists to limit first-generation students’ opportunities for achievement throughout
college. J. Pers. Soc. Psychol. 119, 1112-1131 (2020).

25. S.S.M.Townsend, N. M. Stephens, M. G. Hamedani, Difference-education improves first-
generation students’ grades throughout college and increases comfort With social group
difference. Pers. Soc. Psychol. Bull. 47,1510-1519 (2021).

26. S.S.M.Townsend, N. M. Stephens, S. Smallets, M. G. Hamedani, Empowerment through
difference: An online difference-education intervention closes the social class achievement gap.
Pers. Soc. Psychol. Bull. 45, 1068-1083 (2019).

27. M. C.Murphy et al., A customized belonging intervention improves retention of socially
disadvantaged students at a broad-access university. Sci. Adv. 6, eaba4677 (2020).

28. G. M. Walton et al., Where and with whom does a brief social-belonging intervention promote
progress in college? Science 380, 499-505 (2023).

29. B.Grace-Odeleye, J. Santiago, A review of some diverse models of summer bridge programs for
first-generation and at-risk college students. Adm. Issues J. 9, 35-47 (2019).

30. H.Wathington, J. Pretlow, E. Barnett, A good start? The impact of texas' developmental summer
bridge program on student success J. High. Educ. 87, 150-177 (2016).

31. S.E.Schwartz etal., "i'm having a little struggle with this, can you help me out?": Examining
impacts and processes of a social capital intervention for first-generation college students.

Am. J. Commun. Psychol. 61,166-178 (2018).

32. D. Startz, First-generation college students face unique challenges (2022). https://www.
brookings.edu/articles/first- generation-college- students-face-unique-challenges/.
Accessed 1 February 2024.

33. K.Imai, L. Keele, D. Tingley, T. Yamamoto, Unpacking the black box of causality: Learning about
causal mechanisms from experimental and observational studies. Am. Polit. Sci. Rev. 105,
765-789(2011).

34. R.A. Johnson, T. Simko, K. Imai, Replication Data and Code for: A Summer Bridge Program for
First-Generation Low-income Students Stretches Academic Ambitions with no Adverse Impacts on
First-year GPA. Harvard Dataverse. https://doi.org/10.7910/DVN/DLBFNS. Deposited 05 November
2024.

pnas.org


https://www.pnas.org/lookup/doi/10.1073/pnas.2404924121#supplementary-materials
https://www.pnas.org/lookup/doi/10.1073/pnas.2404924121#supplementary-materials
https://doi.org/10.7910/DVN/DLBFNS
https://osf.io/preprints/socarxiv/byc3r
http://www.nber.org/papers/w25349
https://features.thecrimson.com/2018/freshman-survey/makeup-narrative/
https://features.thecrimson.com/2018/freshman-survey/makeup-narrative/
https://www.thecrimson.com/article/2022/7/7/class-of-2026-yield-data/
https://www.thecrimson.com/article/2022/7/7/class-of-2026-yield-data/
https://admissions.yale.edu/sites/default/files/files/class_profile_2021_final.pdf
https://admissions.yale.edu/sites/default/files/2026profileweb.pdf
https://www.princeton.edu/news/2021/11/08/princeton-joins-national-celebration-first-generation-college-students
https://www.princeton.edu/news/2021/11/08/princeton-joins-national-celebration-first-generation-college-students
https://www.brookings.edu/articles/first-generation-college-students-face-unique-challenges/
https://www.brookings.edu/articles/first-generation-college-students-face-unique-challenges/
https://doi.org/10.7910/DVN/DLBFNS

