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ABSTRACT

Undergraduate research experiences have been shown to havemany
positive effects on undergraduates including increased confidence,
sense of belonging and retention. However, many previous studies
of undergraduate research experiences have focused on advanced
undergraduate (juniors and seniors) in one-on-one research experi-
ences with a faculty mentor. Less is known about the effects of early
undergraduate research, particularly via opportunities that scale be-
yond one-on-one faculty-student relationships to encompass large
numbers of early undergraduates. The research question addressed
in this work is whether a more scalable group-based research model
aimed at early undergraduates from groups underrepresented in
computing would show the same kinds of benefits for participants
asmore personalized one-on-one programs aimed atmore advanced
students. We evaluated a group-based early research program in the
computer science department of a large public university. Through
survey data and direct measurements of performance and retention
several years after students had completed the program, we found
that students who participated in this program have higher overall
GPAs, more confidence, and more interest in research compared
to several different control groups. Our design also allowed us to
examine the considerable impact that selection bias can have on
the evaluation of research programs. This work both validates the
scalable structure of this research program and provides a richer
perspective on the benefits of early undergraduate research in CS.
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1 INTRODUCTION

The benefits of undergraduate research are well-documented and
include increased retention, increased sense of belonging in the
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major, and increased performance [2, 6, 7, 20, 21]. These positive
effects may be due to an increased self-efficacy or an increased
sense of belonging, both of which have been shown to be important
in students’ success [1, 8, 9, 27, 28], and this may be one reason
why research has been shown to have particularly strong benefits
for students from groups underrepresented in STEM [16, 25].

Recent work on undergraduate research experience in computer
science (CS) specifically has shown that these benefits are not lim-
ited to upper-class CS students who engage in research, but that sim-
ilar benefits are present even for early-career undergraduates [23].
Yet it can be difficult for first and second-year undergraduates to
find research opportunities. The few opportunities that do exist usu-
ally go to very advanced early undergraduates who have significant
pre-college CS experience (which fewer students from underrepre-
sented groups have [5, 13, 14]), or require a level of support that
most mentors are unable to provide.

The Early Research Scholars Program (ERSP) was created in
2014 in the Computer Science and Engineering (CSE) department
at UC San Diego (UCSD) to provide early research opportunities
to a larger and more diverse group of CS students. ERSP annually
provides over 40 mostly second-year undergraduates, the majority
of whom are from underrepresented groups, with an academic-year
long research apprenticeship in CS.

In order to scale, ERSP modified some of the components present
in standard Research Experiences for Undergraduates (REUs), and
these modifications potentially make ERSP less beneficial to its
participants. First, students in ERSP work in groups, rather than
primarily in individual research. This group-based structure could
affect students’ feelings of personal accomplishment in the program
or introduce complicated group dynamics issues that negatively
affects their experience. Second, the mentoring relationship is split
between multiple advisors. Students might not develop the close
sense of support that a more personalized one-on-one advising
relationship could give them. Third, being so early in their stud-
ies, students might be more overwhelmed than empowered when
thrown into an advanced research project.

The central goal of our research was to determine whether the
ERSP program has similar positive benefits for participants as other
REU programs. This paper presents a multi-faceted evaluation of
the outcomes for ERSP participants from the program’s first four
years. We analyzed data from two different surveys administered
at various points after students participated in ERSP as well as
grade and retention data from 1-3 years after ERSP. We found that
ERSP seems to have many of the same benefits of traditional, more
personalized REUs (and even some benefits over traditional REUs),
including high retention in the CS major, an increased sense of
confidence and belonging in CS, and higher academic performance
for participants over non-participants. The design of our study also
allowed us to measure the extent to which these benefits might be
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due to selection bias; we found that selection bias does account for
some of the differences between participants and non-participants,
but our analysis suggests there might be benefits of ERSP even
when completely controlling for selection bias.

2 RELATEDWORK

Research on the benefits of undergraduate research is not new,
yet it is surprisingly diverse in its nature. A recent report by the
National Academies of Science, Engineering and Medicine sum-
marized the work that has been done to evaluate undergraduate
research programs and found a huge array of evaluation techniques
and instruments [15]. That report provides a comprehensive and
detailed review of the literature; here we summarize the previous
work most relevant to our current study.

By far the most common method used to measure the value
of undergraduate research is via surveys or interviews. Both the
National Academies report and another recent survey paper of 60
empirical studies of undergraduate research [10] note that most
studies use only students’ own perceptions of their learning gains.
While these indirect measures have their limitations, they at least
provide a window into what students think they are getting out of a
research experience, and allow researchers to both measure change
in students’ perceptions and compare the relative perceptions of
different groups of students.

The Survey of Undergraduate Research Experiences (SURE) is
an instrument designed to measure different aspects of students’
experiences [11]. In the first study using SURE, Lopatto found that
REU participants from 41 institutions reported gains in many areas
including understanding research and techniques, and confidence.
He also found a correlation between higher reported benefirts from
REUs and an intent to continue in a research-oriented career. In
a later study Lopatto found that students from underrepresented
groups reported higher learning gains than those from majority
groups, while women and men reported similar gains [12].

Other survey-based studies compare REU students to their non-
REU peers. A large scale survey-based longitudinal study by Rus-
sell et al. analyzed data from 3,300 undergraduate STEM bache-
lors degree recipients. They found that REU experiences increased
students’ reported understanding, confidence, and interest in a re-
search career compared to students who had not participated in
research [20]. In a similar but smaller study, Bauer and Bennett
found similar effects [3].

Focusing on research in computing, the Computing Research
Association’s Center for Evaluating the Research Pipeline (CERP)
has developed a national survey instrument and collected data from
thousands of CS students at dozens of schools. Stout, Tamer, et al.
have analyzed the results from this survey and found that research
experiences in computing, even in a students’ first or second year
of an undergraduate program, can lead to students being more
interested in pursuing a research-focused career compared to those
who have not had research experience [23, 25, 26].

One of the weaknesses of student surveys is that students may
not have an accurate perspective of how much they have truly
learned or improved their skills. To address this issue, Singer and
Zimmerman designed a multi-stage survey for both student partic-
ipants and faculty mentors [22]. Comparing student and mentor

responses, they found that students tend to over-estimate their
abilities compared to mentors’ assessments, but that mentors’ nev-
ertheless saw growth in students’ abilities.

Beyond surveys, interview-based studies have found that stu-
dents report many of the same benefits cited in the literature includ-
ing personal and professional gains and increased plans for grad
school [21]. An interview study of CS REU participants by Barker
revealed important insights about the structure of the research
group and the relationship between the student and the advisor
that could make the research experience either positive or negative
for the female participants [2].

Some studies more directly measure effects of research through
student retention and performance. Seminal work by Gregerman
et al. evaluated the impact of the long-standing Undergraduate Re-
search Opportunity Program (UROP) at the University of Michigan.
They compared retention UROP participants to non-UROP partici-
pants and found that UROP participants had significantly higher
retention rates, even when compared against a matched control
group with similar pre-college academic characteristics [6]. Bowl-
ing at al. reported similar high-retention results for an undergrad
research program at the University of Northern Kentucky [4].

Finally, several previous studies (including some mentioned
above) have focused on the effect that undergraduate research
can have on women and students from underrepresented racial and
ethnic groups in STEM. Nyame-Mensah modeled the relationship
between student learning and self-efficacy gains from research and
students’ status as an underrepresented racial minority and found
that the benefits for underrepresented students were stronger than
those for non-underrepresented minority students [16]. Summers
and Hrabowski studied the success of the Meyerhoff Scholars Pro-
gram at the University of Maryland, Baltimore County, a program
that includes a research component that is designed to increase
African American students’ participation in science and engineer-
ing [24]. Pender et al. linked participation in summer research
to minority students’ graduate program attendance [18]. Specifi-
cally in CS, Tamer and Stout have shown the relationship between
women and minorities’ participation in computing research and
their interest in a computing research career [25].

While the landscape of research on the outcomes of REU experi-
ences is vast, most of this previous work takes data from a single
source (e.g. surveys), and none focuses specifically on group-based
research programs for early undergraduates in CS. Our work con-
tributes to the landscape by studying an undergraduate research
program with a novel, scalable structure using a variety of both
direct and indirect measures to study the impact on participants.

3 ERSP STRUCTURE

ERSP was designed to support a large number of early undergradu-
ates who possess only the łtypicalž amount of computing knowl-
edge. To be eligible for ERSP, students must be in their second1

year at UCSD (either as a direct-admit or transfer student) in a
CS or CS-related major, and must not have completed any upper
division coursework prior to starting the program. The program
has grown over its five years; in its steady-state (years three and

1There are occasional exceptions to the second-year requirement for students who
started their CS major late
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beyond) approximately 40 students per year are admitted to do
research with approximately 10 faculty mentors. These numbers
represent about 10% of the students and 20% of the faculty at UCSD.

ERSP runs for a full academic year. In the first term students
take an introduction to research course, the outcome of which is
a group-based research proposal for a project that they complete
during the remainder of the program.

Students in ERSP are admitted centrally, grouped into teams of
two to five (usually four), and matched with a research group in
the CS department. Throughout the program, ERSP participants
are dual-mentored by a faculty or graduate student technical advi-
sor in the research group the team is matched with and a central
ERSP mentor and graduate student assistant. Each mentor meets
weekly with the student teams. The ERSP central mentor and grad-
uate student provide general mentoring support (e.g., goal setting,
communication skill development), while the technical adivsor pro-
vides guidance specific to the project. This dual-mentoring structure
along with the introduction to research course provides the extra
support that early undergraduates need while relieving much of
this mentoring responsibility from the technical mentors.

ERSP is a competitive program with typical acceptance rates
of around 30%. Applicants are scored not on their academic per-
formance directly, but on their motivation and contributions to
diversity as reflected in their application essays. In its first four
years, students were selected into ERSP using a threshold + lottery
system. After reviewers scored participants, those with scores over
a certain threshold were named finalists for the program. The ERSP
participants were then randomly selected from the set of finalists.2

4 RESEARCH QUESTIONS

ERSP was created with the hypothesis that it would be a sustainable
way to engage a large number of early undergraduate students in
meaningful research, and that ERSP the experience would result
in positive outcomes for participants, similar to those reported in
previous studies on research experiences. It is clear that the first
part of the hypothesis is supported: each year participants complete
meaningful research that they present at an undergraduate research
poster session in the spring and sometimes at external conferences.

However, the second part of the hypothesis pertaining to the
effects that participation in the program has on students requires
more careful study. Our current work was guided by three research
questions:

• RQ1: Does participation in ERSP correlate with higher stu-
dent retention and/or performance?

• RQ2: Do students who participate in ERSP feel more confi-
dent and included in the CS community?

• RQ3: Does ERSP influence students’ desire to continue with
research and/or attend graduate school?

To explore these questions, we performed a multi-faceted study
that collected and analyzed data from sources appropriate to each
research question.

2In the fifth year the set of finalists was not large enough to support a lottery.

Table 1: Demographics for ERSP participants in our analy-

sis.

Cohort (N) Female / Male Minority / Majority
2014-15 (16) 69% / 31% 50% / 50%
2015-16 (28) 75% / 25% 39% / 61%
2014-15 (34) 65% / 35% 26% / 74%
2015-16 (36) 56% / 44% 31% / 69%
Total (114) 65% / 35% 34% / 66%

5 RQ1: RETENTION AND PERFORMANCE

Does participation in ERSP correlate with higher student retention

and/or performance?

Summary: We compared the overall GPA and the retention in a
CS major to two different matched control groups.

5.1 RQ1 Population and Data

The central population in this study was the ERSP participants
from the first four cohorts (academic years 2014-15 through 2017-
18). Table 1 shows the number, gender and racial/ethnic minority
status composition of the ERSP participants in each cohort. Gender
and race/ethnicity were self-reported by ERSP participants. In this
study underrepresented minority students included students who
identified as Black, Latinx, and/or Native American/Native Pacific
Islander while White and Asian students were considered majority
students3. We did not have any non-binary students in our analysis
so the only gender categories were female and male. We note that
the demographics of ERSP participants are very different from the
demographics of the CS major at UCSD, which comprises only 18%
women and 12% racial/ethnic underrepresented minorities.

We excluded from our analysis students who declined or with-
drew from ERSP at any point in the program because they did not
get the full ERSP experience. In all, 39 students in the first four
cohorts fall into this category: 15 of these declined their admission
before the program started, and 24 withdrew from the program
before its end. 18 of these 24 students withdrew less than half way
through the program, before the research really got underway. They
cited a wide variety of reasons with withdrawing including wanting
to pursue more challenging research experiences, being too busy
with other priorities, or personal issues. We include a discussion of
the outcomes for these students when we present results.

We defined two different control populations for our analysis
which together give us a more complete understanding of the effects
related to ERSP vs. the selection bias of the students who choose
to apply to the program. Our first control group comprises the
finalists who were not randomly selected to participate in ERSP
(see Section 3). We refer to this group as łFinalistsž; demographics
of this group are given in Table 2.

Although the finalists provide a rigorous comparison group,
the group is small, making it difficult to interpret statistical com-
parisons. To construct a larger control group, we used propensity
matching to build a group of 784 students who did not participate

3This is inline with the National Science Foundation (NSF)’s defini-
tion of racial/ethnic groups underrepresented in STEM fields. See,
https://ncses.nsf.gov/pubs/nsf19304/digest/glossary-and-key-to-acronyms.
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Table 2: Demographics for ERSP Finalists, the first control

group in our analysis.

Cohort (N) Female / Male Minority / Majority
2014-15 (14) 50% / 50% 50% / 50%
2015-16 (3) 33% / 67% 33% / 67%
2016-17 (16) 63% / 38% 44% / 56%
2017-18 (5) 20% / 80% 0% / 100%
Total (38) 50% / 50% 39% / 61%

in ERSP. We matched the proportion of students in this group to
the proportion of ERSP participants on incoming year, gender, ma-
jor, and minority/majority status. We refer to this second control
group as the łComparisonž group. This larger Comparison group
not only provides a larger group for statistical comparisons, but
also allows us to study how much of any observed differences are
due to selection bias even after controlling for several factors.

Following our approved IRB protocol, we obtained the following
deidentified data relevant to this study for each student in the
groups described above: incoming term (to RU), admitted major,
current major, current overall GPA, gender and race. Information
about which cohort a student was a participant or finalist in, when
applicable, was included as a field in the deidentified data set. Data
was collected at the start of summer 2018 so reflects a different
amount of time since the program for each cohort (i.e. three years
for cohort 1 and immediately after for cohort 4).

5.2 RQ1 Results

5.2.1 CS Major Retention. To study the relationship between
ERSP participation and major retention, we compared ERSP par-
ticipant major retention to major retention of Finalists and Com-
parison students. For this analysis we included only students who
entered UCSD as declared CS or related majors including Math-CS,
Cognitive Science with a specialization in computation or human-
computer interaction, and Interdisciplinary Computing and the
Arts.

We defined major retention as still being listed in CS or a CS-
related major at the time of data collection, even if that major was
different from the student’s original major. For example, a student
who started as a Math-CS major and switched to a CS major would
be considered to be retained, while a student who started as a Math-
CS major and switched to an Econ major would not. This definition
of retention is likely to overestimate retention for all groups: It will
include students who no longer planned to get a degree in CS but
who had not yet formally switched out, because there is no strong
incentive to do so until the student wants to graduate.

We used two-proportion Z-tests to compare ERSP participants to
each of the control groups. Table 3 gives the results. Not surprisingly,
retention rates are quite high across all groups, for the reasons listed
above, as well as because CS at UCSD is a limited major: once a
student leaves it is extremely difficult to get back in. Retention rates
are similar between ERSP participants and Finalists, but statistically
significantly lower for the broader Comparison group.

As mentioned previously, our ERSP group included only students
who completed the entire ERSP program. In the current analysis,
this excludes 10 students who were admitted to UCSD as CS or

Table 3: Retention rates for students initially admitted as

CS or CS-related majors. z-score and p-valuess are given for

ERSP vs. Finalist and ERSP vs. Comparison two-proportion

Z-tests.

Group init. N Retention z-score p-values
ERSP 56 98% N/A N/A
Finalist 21 95% 0.73 0.46
Comparison 615 84% 2.90 0.004*

Table 4: Mean GPAs for students in each group in our analy-

sis. p-values and Cohen’s d are given for the comparison be-

tween the ERSP participants and each of the control groups.

Group (N) Mean GPA p-values Cohen’s d
ERSP (114) 3.54 N/A N/A
Finalist (38) 3.40 0.04* 0.41
Comparison (784) 3.26 < 0.001** 0.918

CS-related majors and also admitted to ERSP but did not complete
it. 100% of these students remained in CS or a CS-related major.

5.2.2 Academic Performance. We next examined the relation-
ship, if any, between ERSP participation and overall academic per-
formance. To examine this question, we compared the overall GPAs
of ERSP participants to each of the control groups using two-tail
t-tests assuming unequal variance. We used Cohen’s d with pooled
variance to measure effect sizes. Results are shown in Table 4.

These results show that on average ERSP participants’ overall
GPAs are significantly higher than students in the Finalist and
Comparison groups. The effect size is small to medium for the
Finalist vs. ERSP analysis and large for the Comparison vs. ERSP
analysis. While the difference between the Finalist group and the
ERSP group is statistically significant, it is only slightly below the
0.05 significance level. So while it suggests that there is a difference,
more data is still needed.

For this analysis we again checked the 39 ERSP participants
who were admitted to ERSP but were excluded from the analysis
because they did not complete the full program. The average GPA
for these students was 3.39 which is nearly identical to the Finalists
and was not quite statistically significantly different from the ERSP
participants (p=0.08).

6 RQ 2: SELF-EFFICACY AND BELONGING

Do students who participate in ERSP feel more confident and

included in the CS community?

Summary:We used data from a national survey of undergraduates
to compare ERSP participants’ self-reported confidence and belong-
ing to that of students from other REU programs and students who
had not participated in an REU.

6.1 RQ2 Study population

To answer our second research question, we conducted a com-
parative examination of ERSP students’ levels of confidence (i.e.,
self-efficacy) in their ability to succeed in computing and their sense
belonging to the field. These analyses used a national sample of
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Sense of belonging

(1) I feel like I belong in computing
(2) I feel like an outsider in the computing community
(3) I feel welcomed in the computing community

Self-efficacy: I am confident that I can ...

(1) find employment in my area of computing interest
(2) become a leader in the field of computing
(3) get admitted to a graduate computing program
(4) complete my undergraduate degree in computing

Figure 1: Survey items used to measure belonging and self-

efficacy. All items were measured on a 5-point Likert scale,

Strongly disagree (1) to Strongly agree (5)

survey data collected by the Computing Research Association’s
(CRA) Center for Evaluating the Research Pipeline (CERP) as part
of the Data Buddies project. Using this survey data, we were able to
select a comparable sample of students to assess ERSP participants’
psychological outcomes related to our second research question.

The analyses presented in this section compares ERSP students
to two separate comparison groups: (1) students who participated
in other REU programs (Other REU) and (2) students who have not
participated in any REU programs (No REU). As with the study
populations used for our analyses of RQ1 and RQ3, only those
ERSP students who completed the program were included in the
analyses presented in this section. The two comparison groups
were identified using survey questions regarding students’ REU
participation. Students who participated in an REU that takes place
during the academic year and at the students’ home institution were
included in the Other REU group while students who reported that
they had not participated in any REU program were included in the
No REU group. Additionally, these two comparison groups included
only students attending PhD granting institutions and majoring in
a computing field. We used propensity score matching to select a
sample of students that are comparable to the ERSP participants
in terms of their gender, underrepresented minority status, first
generation college student status, and academic class. [17, 19].

ERSP students’ self-efficacy and sense of belonging were mea-
sured in the fall of the academic year following their participation
in ERSP using the relevant survey items from the national survey,
which are shown in Figure 1. Data for the comparison groups were
taken from the survey conducted at the same time as the ERSP
students. The fourth cohort of participants had not been surveyed
at time of these analyses, so we included only the first three cohorts
of ERSP in our analysis. The group averages were compared using
t-tests separately for each cohort. The comparisons with p < .05
are considered łstatistically significantž.

6.2 RQ2 Results

6.2.1 Self-Efficacy. In terms of self-efficacy, results for the first
two cohorts generally showed no statistically significant differences
between ERSP students and either of the comparison groups, with
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Figure 2: Group averages for the self-efficacy survey items

on a 5-point Likert scale, Strongly disagree (1) to Strongly

agree (5). Bold font indicates that themean value of the item

for the respective group is statistically significantly differ-

ent (p < .05) from that for ERSP participants.

the exception that ERSP students in Cohort 2 felt less confidence in
their ability to find employment compared to Other REU students.
However, Cohort 3 participants were more confident that they
could complete their undergraduate degree and get admitted to a
graduate program than both of the comparison groups. There were
no other statistically significant differences in terms of students’
self-efficacy. Mean values for each of the survey items measuring
self-efficacy are illustrated in Figure 2. The statistically significant
comparisons (p < .05) are identified with bold font.

6.2.2 Sense of Belonging. Similar to the results on self-efficacy,
measures of the first two cohorts’ ERSP participants’ sense of be-
longing showed no statistically significant difference between the
participants and the two comparison groups, while participants in
the third cohort felt that they belonged in computing at a greater
rate than both comparison groups. Further, Cohort 3 ERSP students
did not feel as much like an outsider in the computing community
as Other REU students did. Figure 3 shows the averages for each
of the survey items used to measure students’ sense of belonging.

Session 10: Looking at Students in Unusual Environments ICER '19, August 12–14, 2019, Toronto, ON, Canada

273



4.16

2.32

3.79

3.47

2.89

3.37

3.29

2.71

3.47

3.53

3.21

3.68

3.63

3.11

3.89

3.71

3.00

3.76

3.47

3.00

3.37

3.53

2.74

3.42

3.29

2.94

3.53

1 3 5

I belong

an outsider

I am welcomed

I belong

an outsider

I am welcomed

I belong

an outsider

I am welcomed

C
o

h
o

rt
 3

C
o

h
o

rt
 2

C
o

h
o

rt
 1

I feel like ... in computing

No REU Other REU ERSP

Figure 3: Group averages for the sense of belonging sur-

vey items on a 5-point Likert scale, Strongly disagree (1) to

Strongly agree (5). Bold font indicates that themean value of

the item for the respective group is statistically significantly

different (p < .05) from that for ERSP participants.

The statistically significant (p < .05) comparisons are depicted in
bold font.

6.2.3 Underrepresented minorities in computing. As noted in
Section 2, several studies reported stronger impacts of REU pro-
grams on underrepresented students in computing. In light of this,
we examined the ERSP students’ self-efficacy and belonging by gen-
der and minority status using the definitions provided in Section 5.
Specifically, we compared women in ERSP to the two compari-
son groups, and minority students in ERSP to the two comparison
groups. In a nutshell, in earlier cohorts, women and minority stu-
dents in the ERSP group had no significant differences than those in
the Other REU and No REU groups. For cohort 3, the comparison of
results for women who participated in ERSP to women in the two
comparison groups matched results for the overall sample reported
earlier in this section. Among the cohort 3 students, there was only
one minority student who responded to the survey. As a result,
analysis of cohort 3 by minority status was not possible.

7 RQ3: CONTINUED RESEARCH

Does ERSP influence students’ desire to continue with research and/or

attend graduate school?

Summary:We surveyed ERSP participants 1-3 years after their par-
ticipation to gauge the influence of ERSP on their post-RP research
and career choices.

(1) In what cohort did you participate in ERSP?
(2) Have you graduated or will you graduate from UCSD by

the end of summer 2018?
(3) After finishing your degree at RU, what did you do, or what

do you plan to do?
(4) After ERSP, did you do any additional undergraduate re-

search outside of a formal course?
(5) Have you ever applied for a graduate program (in any

field)? If so, which one(s)?
(6) If you have never applied to a graduate program, are you

thinking about applying to any graduate program in the
next 5-7 years?

(7) Have you ever been enrolled (or will you be enrolled in the
the next 6 months) in any graduate program (in any field)?
If so, which one(s)?

(8) If you attended or applied to attend a graduate program,
when did you begin or when would you have begun your
graduate studies?

(9) Reflecting on your ERSP experience, how, if at all, do you
think your ERSP experience shaped your future career
trajectory?

(10) Do you have any other thoughts about ERSP that you
would like to share?

Figure 4: ERSP follow-up survey items

7.1 RQ3 Approach

To study to what degree, if any, ERSP encouraged students to con-
tinue pursuing research opportunities and potentially pursue grad-
uate education, we followed up with students in ERSP Cohorts 1-3
in the summer of 2018. We surveyed these students about their
post ERSP activities as well as their retrospective views on how
ERSP had influenced their career trajectory (if at all). The survey
data is both quantitative and qualitative. Here we report descriptive
statistics and use the open-ended responses to illustrate impacts of
the program on its participants.

Figure 4 gives the specific survey items. Each item except for
(9) and (10) included several options for students to select from
to give us more information about the students’ activities. For
example, for question (4) options included łI continued after ERSP
with the same professor/project,ž łI did another research project as
an undergraduate at UCSD,ž łI did another research project at an
institution OTHER THAN UCSD while I was still an undergrad,ž
łNo, but I am planning to/hope to do additional undergraduate
research before I graduate,ž and łI did not do any additional research
as an undergraduate beyond ERSP and I am not planning to.ž Due
to space constraints, options for other questions are not given, but
can be inferred from the discussion of the results.

The overall response rate to the survey was 81% with cohort-
specific response rates of > 100%, 79% and 71% for Cohorts 1-3,
respectively. Cohort 1’s > 100% response rate is most likely caused
by a student incorrectly reporting their cohort. Unfortunately we
have no way of determining which response was in the wrong
cohort, so we analyze the data as it was reported.
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Table 5: Survey Results. GS = Grad school

Cohort (N) Addl. res. GS interest GS apply GS attend
2014-15 (17) 76% 88% 29% 12%
2015-16 (22) 41% 73% 23% 5%
2016-17 (24) 58% 88% 30% 17%

7.2 RQ3 Quantitative Results

Table 5 gives the percentage of respondents from each cohort who
reported doing additional research, being interested in grad school
in a computing field, applying to grad school in a computing field,
and having been enrolled in a graduate program in a computing
field. The percentage of students who reported doing post-ERSP
research is taken directly from survey question (4). The percent-
age of students who reported being interested in attending grad
school (GS interest) is the union of students who reported that they
had applied to grad school in question (5) or who were thinking
about applying to grad school in question (6). The percentage of
students who applied to grad school (GS apply) is taken directly
from question (5). Finally, the percentage of students who have
been enrolled in grad school (GS attend) is taken from students’
answers to question (7).

These results show many trends. A large number of ERSP stu-
dents went on to do additional research. 15 out of the 36 students
who did additional research beyond ERSP continued their ERSP
project past the end of the program, either into the summer or
into the following academic year(s). 26 of the students who did
additional research (perhaps also) did a separate research project
not related to their ERSP project. Finally, of the 27 ERSP partici-
pants who did not do another undergraduate research project, three
had not yet graduated at the time of the survey and hoped to do
additional research before they graduated.

A large number of ERSP students (52 out of 63) expressed inter-
ested in applying to graduate school in computing in the near to mid
future. Most of these students (41) expressed interest in applying
(or had already applied) to a Masters’ program in computing, but
some (12) were (also) interested in pursuing a PhD in computing.

One limitation of this portion of the study is that we do not have
a direct comparison group for these survey results. However, UCSD
has a strong industry culture and relatively few undergraduate CS
majors do research. In UCSD’s 2018 graduating student exit survey,
only 39% of CS majors reported doing undergrad research, while
85% reported having an industry internship. 24% reported plans to
attend graduate school in a related field, but we have no data on
howmany actually applied to or enrolled in graduate school. Finally,
the demographics of the students who participate in ERSP are not
at all representative of the demographics of the CS department at
UCSD making it a skewed comparison group.

7.3 RQ3 Qualitative Data

Open-ended question (9) also provided insight into the influence
that ERSP had on students’ future choices to pursue research and
what, specifically, they valued about the program.

Many students wrote about how ERSP demystified research for
them, sometimes opening up a new interest. For example,

Attending ERSP I experienced what doing a research
is like for the first time and it sparked my interest.
śCohort 3 participant

Sometimes this new understanding of research helped students
make an informed decision that research was not the career they
desired, as the following quote illustrates:

Participating in ERSP helped me to gain experience
and knowledge that I otherwise would not have been
able to at that early stage of my career. I had originally
never considered and was completely uninterested
in doing grad school for CS, but after the program I
seriously considered it for a while before I ultimately
chose to take a different career path.
śCohort 1 participant

Whether participants ended up pursuing a career in industry or
continuing to graduate school, many valued the specific skills and
knowledge ERSP provided. Students wrote about being exposed to
new areas of computing they didn’t know existed:

ERSP did introduce me to some of the areas of Com-
puter Science I was never exposed to.
śCohort 3 participant

My ERSP experience helped me gain more exposure
with machine learning... which is something I would
like to study further in graduate studies.
śCohort 3 participant

Several participants valued the soft-skills ERSP helped them de-
velop, as in the following quote:

ERSP not only helped me get early exposure to net-
working knowledge and big data technologies, but
also made me realize how important it is to communi-
cate well with teammates and professors/supervisors.
śCohort 2 participant

For some students, ERSP provided a sense of belonging, connec-
tion and confidence that they did not previously have. For example,
these two participants wrote about how this confidence and sense
of belonging helped them pursue further research opportunities.

It allowed me the opportunity to get an introduction
to research in the CS community and made me feel
as though I belonged in this field. I learned a lot and
ERSP was a huge reason why I applied to and got
accepted to graduate schools. śCohort 3 participant

ERSP made me more open to research, and I was less
scared to get involved with it with another professor
and topic. śCohort 1 participant

Other students specifically cited the team-based and community-
focused nature of the program as valuable, for example:

The most valuable part [of ERSP] was working on
CS research with my group and learning from them.
śCohort 3 participant

While many structured undergraduate research programs provide
some kind of cohort and community-building experience, this re-
sponse and others like it highlight importance of the group-based
structure and close mentoring to build a shared experience.
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Finally, although retention rates of ERSP participants and Fi-
nalists were not significantly different, for at least one participant,
ERSP was a significant reason for staying in CS:

ERSP helped me by motivating me to finish my ma-
jor. Before I started ERSP, I was not sure if computer
science was the right major for me and even briefly
considered dropping out of the major. ERSPmotivated
me to finish my degree. śCohort 2 participant

8 DISCUSSION

The data and analysis presented in this study give us a broad per-
spective on how ERSP may affect its participants. In this section,
we contextualize these results and discuss the limitations of our
work.

8.1 Increased opportunities for research

ERSP has drastically increased the opportunities at UCSD for second-
year undergraduates, particularly those from groups underrepre-
sented in computing, to engage in research projects. The scale of
this program would not be possible without the group-based, dual
mentoring structure or ERSP.

It was not obvious that this group-based, split-mentoring ap-
proach to scaling early undergraduate research would work. Fortu-
nately, this early group-based exposure to research appears to have
many benefits for participants. Students who participated in ERSP
had higher grades and retention than students in a general control
group, and our analysis suggests that they might have higher grades
than students who were deemed eligible for ERSP but did not partic-
ipate. Compared to students who complete more traditional REUs,
recent ERSP participants appear to feel more confident in their
ability to succeed academically and have a higher sense of belong-
ing. From open-ended survey responses, ERSP increased students’
understanding of research and the field of CS, and for many of them
it encouraged them to pursue further research opportunities and
apply to graduate school.

8.2 The evolution of ERSP

Over its five years, ERSP has evolved and improved. As one example,
mentors are trained more carefully, and starting with cohort 3,
projects are defined before the program begins and refined until
they are appropriate for early undergraduate students. They are
also published, and students are allowed to rank their interest in
the specific projects rather than just in general areas of CS.

These improvements are reflected in some of the data presented
here. For example, the analysis in Section 6 showed no significant
benefits for ERSP participants until cohort 3, which could be due to
the improvements in the program structure. Also, the only negative
comment about ERSP we received in the open-ended feedback to
the survey in Section 7 came from a cohort 1 participant.

ERSP will continue to evolve as it spreads beyond its initial con-
text at UCSD. UC Santa Barbara, University of IllinoisśChicago and
Stanford are all developing and launching a version of ERSP. ERSP’s
growth to these different contexts, will open more opportunities to
study the impact of its structure on a wider scale.

8.3 Beware selection bias

The use of two control groups for our grade and retention analysis
allowed us to examine the substantial effect that selection bias can
play in an analysis such as the one presented here. We matched
our comparison group on several student characteristics, but even
so we saw a big difference between the Comparison group and
the Finalists. In both grades and retention, the difference between
ERSP participants and Finalists was fairly small and in the case
of retention not significant. A possible explanation for this trend
is that a student who is sufficiently motivated to submit a high-
quality application for ERSPwill seek out (and get admitted to) other
opportunities that produce similar gains. However, even if this is
the case, ERSP still has value in providing more such opportunities
for these highly motivated students.

The Finalist control group presented here provides a gold-standard
matched group: the Finalists are identical to ERSP admitted students
but randomly selected out. Program designers should consider ar-
ranging their selection process to produce such a comparison group
to help evaluators measure the true impact of the program.

8.4 Threats to validity

Like any quantitative study, we face threats to validity pertaining
to the size and composition of the treatment group and the compar-
ison group(s). In the quantitative study in Section 5, the difference
between the Finalists and the ERSP participants is barely significant
at the 0.05 level. This result could be because the Finalist group
is small, but we must interpret the difference with caution and
not conclude too much. Another threat comes from the way we
handled admitted students who did not complete ERSP. Students
who dropped out of the program had a lower GPA than those who
completed it (though not quite significantly so), so excluding those
students might have introduced bias in the ERSP group.

For the surveys in sections 6 and 7, response bias may have influ-
enced the results. While our response rates were high, it is possible
that those who responded to the survey were more positive about
the program, research and graduate school, causing the percentages
and values reported to be higher than their true values.

Finally we note that most of the work presented here is correla-
tional. While we attempted to build comparison groups as similar
to the ERSP group as possible, this is not a controlled experiment
so we cannot conclusively say that participation in ERSP caused
any of the effects presented here.

9 CONCLUSION

The work presented here helps validate the ERSP structure and adds
to our collective understanding of the value of early undergraduate
research in CS. While there is much more to be studied within ERSP
specifically and about early undergraduate CS research generally,
we hope that these results will encourage others to develop simi-
lar programs to engage a larger and more diverse group of early
undergraduates in CS research.
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