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About CERP
The Computing Research Association’s (CRA) Center for Evaluating
the

Research

Pipeline

(CERP)

evaluates

the

effectiveness

of

intervention programs designed to increase retention of individuals
from underrepresented groups in computing, namely men from
underrepresented racial/ethnic groups and women of all racial/ethnic
backgrounds. More generally, CERP strives to inform the computing
community about patterns of entry, subjective experiences, persistence,
and success among individuals involved in academic programs and
careers related to computing. For more information about CERP, visit
http://cra.org/cerp/.
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Executive Summary
Computing students who participated in a summer undergraduate research experience
(SURE) reported greater intentions to pursue a Ph.D. program in computing and
stronger interest in pursuing a computing research career after college than nonparticipants.
To promote underrepresented students’ (men of Black or Hispanic background and
women) intentions to pursue a Ph.D. program in computing, we recommend SUREs
focus on the following:
•

Exposure to research skills

•

Disseminating research results

•

Information about the graduate admission process

•

Information about graduate student life

To promote underrepresented students’ interest in pursuing a computing research
career, we recommend SUREs focus on the following:
•

Collaboration with others

•

Learning how computing research has a positive impact on society

•

Learning about computing career options

•

Exposure to research skills

•

Learning how to work independently

•

Disseminating research results

•

Involvement in the design of a research project

•

Information about the graduate admission process

•

Information about graduate student life
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Introduction
Student participation in undergraduate research activities is an established tool for enhancing the
undergraduate experience and increasing students’ motivation to pursue graduate study and,
ultimately, research careers (e.g., Lopatto, 2004, 2007; Russell, Hancock & McCullough, 2007). Thus,
undergraduate research experiences (UREs) appear to be an effective means to address the nation’s
growing need to produce more qualified computing researchers (Bureau of Labor Statistics, 2014).
One strategy for strengthening the computing research workforce is to ensure that college students
from diverse backgrounds are attracted to and retained within the computing research pipeline. At
present, however, the vast majority of computing researchers are White and Asian men (Zweben & Bizot,
2015) – a population that represents a minority of the larger U.S. workforce and population (National
Science Foundation, National Center for Science and Engineering Statistics, 2015). In response to
the dearth of diversity in the computing research pipeline and growing concern about the domestic
supply of computing researchers, many URE funding sources request that URE Principal Investigators
recruit undergraduate student researchers from underrepresented populations (e.g., National Science
Foundation, 2013).
The current report presents in depth research on students’ experiences in summer-UREs (i.e., SUREs),
with special focus on the experiences of underrepresented men as well as women (URMW; men of Black
or Hispanic background and women of all races and ethnicities) versus majority men (MM1; men of
White or Asian background). We first look at whether participation in SUREs influences URMW students’
intentions to further pursue computing research compared to MM students. We then study a set of
common SURE characteristics, and their relationship with URMW and MM students’ intentions to persist
in computing research.
Existing research indicates that URMW students tend to benefit more from UREs than MM students. For
instance, URMW students show a greater degree of improvement in academic skills and educational
aspirations after participating in undergraduate research than MM students (Campbell & Skoog, 2004;
Chang, Sharkness, Hurtado, & Newman, 2014; Jones, Barlow, & Villarejo; Russell et al., 2007). This
suggests that undergraduate research participation may motivate URMW students to pursue research
careers to a greater degree than MM students. While this relationship has been hypothesized in the
literature, this is an empirical question that, to our knowledge, has yet to be tested. As such, the first
goal of the current research is to assess whether participation in SUREs has a different impact on MM
students than on URMW students in their intentions to pursue a post-secondary degree in computing
and computing research careers.

1

We refer to this group as “majority men” (MM) because these demographic groups constitute the vast majority of students in
computing degree programs (National Science Foundation, National Center for Science and Engineering Statistics, 2015).
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The second goal of the current research is to assess whether common characteristics of SUREs are
differentially related to intentions to pursue graduate study and research careers for URMW versus MM
students. Although SUREs all share a common goal of exposing undergraduate students to scientific
research methods, there is considerable variability in SURE program components. For instance, while
some SUREs involve a great deal of collaboration and teamwork, others do not. UREs might also differ
in social applicability of their research topic (e.g., Robotics research with medical versus industrial
applications). Women, as well as men from underrepresented minority groups, tend to be attracted
to technical fields when they are collaborative and have clear social applications (Diekman et al. 2010;
Stephens et al., 2012), suggesting that these particular SURE traits may foster interest in pursuing
research in the future among URMW students in particular. Moreover, underrepresented URE students
are less likely than their MM peers to have had prior exposure to research training and mentorship (Bova,
2000; Stanley & Lincoln, 2005; Committee on Science, Engineering & Public Policy, 2011). As such,
technical training and mentorship during SUREs may have a stronger association with URMW students’
intentions to pursue a graduate degree and research career compared to the intentions of MM students.
Thus, there is reason to believe that particular SURE characteristics might be effective in promoting
URMW students’ interest in pursuing computing research.

T he cu r re n t re p o r t p re se n ts in d e p th re se arc h o n
s t ude n t s ’ e x p e r i e n c e s in su mme r- UR E s (i.e ., S UR E s), w it h
s peci a l f o c u s o n t h e e x p e rie n c e s o f u n d e rre p re se n te d
m en a s w e l l a s w o m e n (UR MW; me n o f Blac k o r Hisp an ic
backg ro u n d a n d w o m en o f all rac e s an d e th n ic itie s)
v ers us m a j o r it y m e n ( MM; me n o f Wh ite o r Asian
backg ro u n d ) .
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Evaluation Method
P art i ci p a n t s
During fall of 2014, 4,061 undergraduate students from computing departments across the United States
were recruited to complete the Computing Research Association’s Center for Evaluating the Research
Pipeline (CERP) annual student survey2 . The current report focuses on a subset of measures from CERP’s
Fall 2014 survey that assessed students’ academic and career intentions, and experiences during a SURE.
We measured whether or not students had participated in the following research experiences:
• Summer research internship in industry or a government lab
• Summer URE at their home institution
• Summer URE at another institution
Students who had participated in a SURE were then asked a series of follow-up questions concerning
characteristics of their SURE experience. A complete list of the characteristics we analyzed can be found
in the Research Design section.
Of the 4,061 students surveyed, 1,558 (38%) were included in data analysis because this subgroup
of students completed all survey items for the variables used in this report, were enrolled in an
undergraduate computing degree program at the time of survey, specified that they intend to attain
their highest degree in a computing field3, and indicated whether they had participated in a SURE. The
sample used for analysis included 101 SURE participants and 1,457 Non-SURE participants.
Within our dataset were two demographic subgroups of interest. The first was underrepresented minority
men, including those of Black/African American or Hispanic/Latino descent, and women of all racial and
ethnic backgrounds (URMW students). The second group was White and Asian men; we refer to this
group as “majority men” (MM). Within our working sample (N = 1,558), 52 were URMW SURE students
and 49 were MM SURE students; 546 were URMW Non-SURE students, and 911 were MM Non-SURE
students.

Res earc h D e s i g n
Our research design focused on addressing two research questions. Each research question is outlined
below, along with variables used to assess each research question described at a conceptual level. See
Variables section in the Technical Appendix for the exact measures used in this report.
CERP administers an annual survey each fall semester to undergraduate student computing majors from a sample of universities
and colleges across the county. Survey questions pertain to past research and professional experiences, with a particular focus on
factors relevant to career preparation. For more information about CERP’s survey research, visit www.cra.org/cerp/data-buddies.
3
Computing fields included: computer science; computer engineering or electrical and computer engineering; computing
information systems or information systems; or another field with a strong computing component.
2
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Research Question 1 (RQ1): Does participation in a SURE differentially relate
to intentions to pursue a post-secondary degree and interest in a computing
research career for URMW vs. MM students?
What follows is a list of variables used to test RQ1. See Figure 1 for a spatial representation of the
relationships between variables used to assess RQ1.
Outcomes
Students’ post-secondary academic intentions
Interest in a computing research job
• As a College/University professor
• In industry or a government lab
Predictor
SURE participation (Yes vs. No)
Moderator
Demographic group (URMW vs. MM)
Covariates4
First-generation status (First-generation student vs. Non-first-generation student)
Class standing (i.e., 1st year student, 2nd year student, etc…)
Department type (i.e., highest computing degree offered in department is a B.S. vs. M.S. vs. Ph.D.)
Major grade point average

Figure 1: Analytic Model used to test RQ1

Covariates are known correlates of outcome variables, and are included in statistical models so that any observed effects of
predictors and moderators on outcome variables are true controlling for the effects of our covariates on outcome measures.
4
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Research Question 2 (RQ2): Do characteristics of a SURE differentially relate to
intentions to pursue a post-secondary degree and influence students’ intentions
to pursue a computing research career for URMW vs. MM students?
What follows is a list of variables used to test RQ2. See Figure 2 for a spatial representation of the
relationships between variables used to assess RQ2.
Outcomes
Students’ post-secondary academic intentions
Influence of SURE on intentions to pursue a computing research career
Predictors: Nine SURE characteristics
Collaboration with others
Learning how computing research has a positive impact on society
Learning about computing career options
Exposure to research skills
Learning how to work independently
Disseminating research results
Involvement in the design of a research project
Information about the graduate admission process
Information about graduate student life
Moderator
Demographic group (URMW vs. MM)
Covariates
First-generation status (First-generation student vs. Non-first-generation student)
Class standing (i.e., 1st year student, 2nd year student, etc…)
Department type (i.e., highest computing degree offered in department is a B.S. vs. M.S. vs. Ph.D.)
Major grade point average

Figure 2: Analytic Model used to test RQ2
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Results
A nal y ti c S t r a t e g y
We conducted a series of moderated multiple regression analyses to address our two research questions.
A “moderation” (or interaction) effect occurs when the relationship between a predictor variable (e.g., a
SURE characteristic) and an outcome variable (e.g., students’ intentions to pursue a Ph.D. in computing)
depends on a moderator variable (e.g., demographic group: MM vs. URMW). As an example of a
moderated relationship, suppose that students who are exposed to a higher degree of collaboration
in their SURE (predictor variable) are subsequently more interested in pursuing a Ph.D. in computing
(outcome variable). However, the relationship between exposure to collaboration and Ph.D. intentions is
stronger for one demographic group of students than another (moderator variable). Specifically, SUREs
fostering collaboration are particularly likely to promote interest in pursuing a Ph.D. in URMW students,
relative to MM students. Thus, moderation analyses can explain “when” and “for whom” the effects of a
predictor variable are related to a particular outcome.

A Not e o n R e p o r t i n g
In what follows, we report only on the impact of our primary variables of interest (predictors and
moderators), and do not present results concerning our covariates. All of the following findings were
significant at the p < .05 level. For a thorough report of our statistical techniques and output, please see
Technical Appendix.

RQ1: Does participation in a SURE differentially relate to intentions to pursue a
post-secondary degree and interest in a computing research career for URMW vs.
MM students?
To examine RQ1, we assessed students’ post-secondary degree intentions and career interests as a
function of (a) whether or not they had participated in SURE and (b) whether they were a URMW or
MM student. It is important to note that students were not randomly assigned to participate in a SURE.
Rather, students’ participation in a SURE tends to be influenced by SURE admissions requirements
including, but not limited to, the following: major GPA; class standing (2nd and 3rd year students are
typically given preference); demographic group and first-generation status (underrepresented students,
who are often first-generation students, are typically given preference); and department type (students
coming from non-research intensive departments are often given preference). As a result, differences
between SURE and Non-SURE participants’ academic and career interests may be explained by a variety
of student-level factors other than SURE participation. To control for pre-existing student-level differences
between SURE and Non-SURE participants, we culled a subsample of Non-SURE participants (n = 101)
that shared demographic characteristics similar to SURE participants using propensity score matching.
Propensity score matching is an analytic technique that “matches” individuals from a treatment group
12 | SUMMER RESEARCH EXPERIENCES AND DIVERSITY IN COMPUTING

(e.g., SURE participants) to individuals from a comparison group (e.g., Non-SURE participants) who
are as comparable as possible on a set of relevant individual-level characteristics (Shadish, Cook, &
Campbell, 2002; Bai, 2015). In the analyses that follow for RQ1, our matched sample SURE participants
and matched Non-SURE participants was N = 202. For more information on propensity score matching,
please see Technical Appendix, Propensity score matching. For descriptive statistics for the RQ1
sample’s demographics, see Table 1 in the Technical Appendix.
The results in this section are presented by outcome measure. Within each outcome section, we
present the results of our regression analyses. For descriptive statistics for URMW vs. MM students who
were Non-SURE vs. SURE participants for RQ1 outcomes measures, see Table 2a and Table 2b in the
Technical Appendix.
Students’ post-secondary academic intentions
Students were asked to indicate their highest intended degree in a computing field from the following
options: B.S., M.S., and Ph.D. Multiple regression analyses indicated that for both URMW students and
MM students, participating in a SURE increased the likelihood that they intended to pursue a Ph.D.
rather than a B.S. or an M.S.

“The experience of working on an original problem and working
through the challenges was stimulating.”
– URMW SURE participant

Students’ Interest in computing research careers
For all students, participation in a SURE was unrelated to interest in getting a job as a college or
university professor. Importantly, while all students showed a positive relationship between SURE
participation and interest in getting a job as a computing researcher, the strength of this relationship was
stronger for URMW students than MM students.

“First hand insight and experience into research at a world-class
university… showed the excitement, but also the difficulties that
come with a research-based career.”
– URMW SURE participant

Results | 1 3

RQ2: Do characteristics of a SURE differentially relate to intentions to pursue a
post-secondary degree and influence students’ intentions to pursue a computing
research career for URMW vs. MM students?
We ran multiple regression analyses to assess whether the relationship between nine SURE
characteristics and our outcomes of interest varied depending on students’ demographic group
(URMW vs. MM). For descriptive statistics for the RQ2 sample’s exposure to SURE characteristics and
demographics, see Table 3 in the Technical Appendix.
For descriptive statistics for URMW vs. MM student’s outcomes for RQ2, see Table 4 in the Technical
Appendix.
Students’ post-secondary academic intentions
Multiple regression analyses indicated that several SURE features had a positive impact on the likelihood
of URWM students’ plans to obtain a Ph.D. instead of a B.S. or M.S.
URMW students’ plans to obtain a Ph.D. versus B.S. degree in computing was stronger when their SURE
increased their research skills, informed them about research dissemination process, taught them about
the graduate school admissions process, and indoctrinated them into graduate student life in computing
fields. The only SURE characteristic that was related to intentions to pursue a Ph.D. rather than M.S. was
exposure to the graduate school admissions process
For MM students, involvement in the design of research increased interest in pursuing a Ph.D. instead of
a B.S. or an M.S. No other SURE characteristics were related to MM students’ post-secondary intentions.

“It was cool to work on a project that was bigger/more important
than my coursework.”
– URMW SURE participant
Students’ Computing Research Career Intentions
Exposure to each SURE program characteristic was positively related to the URMW students’ intentions
to pursue a computing research career. By contrast, exposure to none of the SURE characteristics was
related to MM students’ computing research pursuits.

“…this program provided me with the best summer of my life.”
– MM SURE participant
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Conclusion and
Recommendations
C oncl us i o n

This research was designed to better understand whether and how SUREs are an effective means for
promoting diversity in computing research. We found that students who participated in SUREs reported
greater intentions to pursue a Ph.D. and interest in pursuing a research career outside of academia
than SURE non-participants. These findings are in line with prior work documenting the beneficial
nature of UREs on students’ future engagement in research (Lopatto, 2004, 2007; Russell, Hancock, &
McCullough, 2007).
In our second set of analyses, we examined whether nine common SURE program characteristics were
associated with students’ intentions to pursue computing research in the future, and whether any of
these program characteristics were particularly important for URMW students. We found that URMW
students who experienced improvements in research skills, gained experience with the research
dissemination process, were exposed to the graduate school admissions process, and learned about
graduate student life during their SURE reported stronger intentions to pursue a Ph.D versus B.S. When
it came to interest in pursuing a computing research career more broadly, our results also showed that
experiencing greater exposure to all SURE characteristics we measured strengthened URMW students’
interest.
The results of this report suggest that SUREs are an effective means for improving all students’ intentions
to persist within computing research – particularly with regard to Ph.D. pursuit and non-academic
research jobs. It is our hope that these findings will provide useful information for how Principal
Investigators (PI) and affiliates might hone their UREs to be maximally beneficial for all students, with a
special emphasis on qualities that may be particularly important for URMW students.

“I loved the support of the faculty and graduate students during the
research experience. It made my visit much more memorable. They
helped me understand the topic in which I was studying and were
always there for me if I had questions.”
– URMW SURE participant
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Recom m e n d a t io n s
The findings of this report have practical implications for PIs and affiliates who plan to develop or already
run research experiences for undergraduate students and whose goal is to broaden participation in
computing. Our recommendations are drawn from the key themes that emerged from our study.

HONE STUDENTS’ RESEARCH SKILLS AND CREATE OPPORTUNITIES FOR
RESEARCH DISSEMINATION
Our findings suggest that exposure to research skills and the research dissemination process during
SUREs support URMW students’ intentions to persist in the research pipeline. Given that many
underrepresented students lack exposure to science and are unaware of the demands of a research
career (Bova, 2000; Stanley & Lincoln, 2005; Committee on Science, Engineering & Public Policy, 2011),
UREs that exposure URMW students to research techniques and publication methods may offer those
students the ability to form a scientist identity and gain skills and knowledge that will prepare them
for advanced degrees and careers in science. In-line with this, quite a few URMW students included in
this study cited that the most satisfying parts of their SURE experience were getting the opportunity to
conduct and disseminate their research and becoming a part of their institution’s research community.
For instance, one student commented that “First hand insight and experience into research at a worldclass university in computing showed the excitement, but also the difficulties that come with a researchbased career.” We encourage SURE PIs to design undergraduate research programs that will provide
students with an opportunity to do original research that is methodologically rigorous and create
opportunities for students to produce and present publishable findings in the form of reports, papers,
and/or posters.

“I learned the process of doing research and the goals that must be
set in order to produce good results.” - URMW SURE participant
EDUCATE STUDENTS ABOUT GRADUATE ADMISSION PROCESSES AND
EXPOSE THEM TO GRADUATE SCHOOL LIFE
Although access to higher education by traditionally underserved groups has increased over the
last forty years (Committee on Science, Engineering & Public Policy, 2011), many underrepresented
students lack knowledge of higher education admission policies and have little insight into life as a
student at the postsecondary level (Vargas, 2004). Our results suggest that URMW students who learn
about the graduate admission process and develop an understanding of graduate student life during
a SURE express greater intentions to pursue a Ph.D. in computing and a non-academic computing
research career. One SURE participant highlights this in saying “I was able to see the wide spectrum of
interdisciplinary research. Also, the graduate atmosphere was amazing.” We recommends that SUREs
provide students with an opportunity to learn more about graduate programs in computer science and
teach students strategies for selecting and applying to graduate school. In addition, we suggest that
SURE programs incorporate networking and mentoring opportunities with current graduate students in
computing in order to offer undergraduate students a realistic view of life in graduate school.
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Technical Appendix
This Appendix contains technical documentation of the data and statistical analyses outlined in the
main text of this report. The Appendix first elaborates on the analytical context by providing information
on data and sample selection. Second, it introduces the variables used in the analyses and provides
descriptive statistics for these variables. Third, it describes the statistical models used to conduct the
analyses. Finally, the statistical output for results discussed in the main text of the report is provided in
tables.

D ata
The dataset underlying this report comes from the Computing Research Association’s Center for
Evaluating the Research Pipeline’s (CERP) 2014 Annual Fall Survey of undergraduate students enrolled
in a sample of computing related majors at U.S. colleges and universities participating in CERP’s Data
Buddies Project. Among other things, the survey collects information on students’ participation in SUREs
and characteristics of those SUREs.
The first part of our analysis compares our sample of SURE participants (n = 101) to a propensity-score
matched sample of non-SURE participants (n = 101; details on propensity score matching below). We
then look only at data from SURE participants (i.e., omit non-SURE participants’ data) in order to examine
students’ reactions to exposure to characteristics of SURE programs. Thus, whereas our first set of
analyses consists of a sample of 202 students (SURE and non-SURE participants combined), our second
set of analysis consists of 101 students (only SURE participants).

P ropens i t y s c o re m a t c h i n g
For RQ1, we use an analytic procedure that “matched” a subset of students who had not participated
in a SURE (n = 1,457) to those who had participated in a SURE (n = 101). Specifically, we culled a
subsample of non-SURE participants who “matched” our sample of SURE participants on a set of
demographic characteristics (i.e., covariates) associated with pursuit of extracurricular research activities
(major GPA, URMW, institution type, class standing, first-generation status). We used a “nearest
neighbors” technique to cull our matched sample of non-SURE participants, which selects the most
similar observation from the non-treated group for matching with each observation in the “treatment
group.” The similarity is determined by the covariates included in the propensity score estimation. Since
this technique matches each SURE participant to a single non-SURE participant, our matched dataset
includes a total of 202 observations. This matching strategy allows us to mimic a randomized controlled
experiment design using observational data. That is, by ensuring that we are comparing groups of
respondents who are not systematically different from each other in any predictable way other than their
SURE participation status, we can increase the probability that any difference between the two groups is
attributable to this main independent variable of interest.
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Var i abl e s
This section contains survey items used in the current research. Items are presented separately for RQ1
and RQ2, and in the following order: Outcome variables, Predictors, Moderator and Covariates.
For multi-item Likert style constructs, reliability was determined using Cronbach’s alpha (α). Alpha levels
≥ .70 are considered acceptable. Items for each construct were averaged together to form composite
scores. Individual items are listed below.
Outcome Variables
Students’ post-secondary academic intentions (RQ1 and RQ2): Categorical variable with 3
possible values. Bachelor’s Degree, Master’s Degree, Doctoral Degree, using 1, 2, 3, respectively.
Students who indicated Associates degree, Professional degree, Uncertain, or Other were excluded from
data analysis.
What is the highest degree you plan to attain?
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ

Associate’s degree
Bachelor’s degree
Master’s degree
Doctoral degree
Professional degree (MD, JD, DDS, Ed.D, etc)
Uncertain
Other, please specify ____________________

Interest in getting a job in computing research at a college/university (RQ1): Likert-type scale
variable measuring students’ level of interest in getting a job as a college/university professor.
How interested are you in having a computing job like the one listed below after you finish your
highest degree?
-- College/University professor in computing field
Very
disinterested (1)

Somewhat
disinterested (2)

Neither
disinterested not
interested (3)

Somewhat
interested (4)

Very Interested
(5)

Interest in getting a job in computing research in industry/ government lab (RQ1): Likerttype scale variable measuring students’ level of interest in getting a job in computing research in
industry/ government lab.
How interested are you in having a computing job like the one listed below after you finish your
highest degree?
-- Computing researcher in industry or government lab
Very
disinterested (1)

Somewhat
disinterested (2)

Neither
disinterested not
interested (3)

Somewhat
interested (4)
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Very
Interested (5)

Intentions of getting a job in computing research (RQ2): Likert-type scale variable measuring the
likelihood of getting a job in computing research after having completed a SURE.
How much did your your REU experience influence the likelihood that you will accomplish the
following?
-- Get a job in computing research
Much less
likely (1)

Somewhat less
likely (2)

Unchanged (3)

Somewhat more
likely (4)

Much more
likely (5)

Predictor variables
SURE participation (RQ1): Dichotomous indicator of whether student participated in a SURE
program or not. Only those URE programs that took place over the summer were evaluated. Non-SURE
participation was coded as 0; SURE participation was coded as 1.
Since September 2013, have you participated in any of the following research activities? Please
select all that apply. (* URE included in the current research; ** option selected by SURE nonparticipants)
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ

*Undergraduate research experience at my home institution
*Undergraduate research experience at another institution
*Research internship in an industry or government lab
Research course
Independent study
Thesis project
**None of the above

When did your REU experience take place? (* selected by SURE participants)
ƨƨ *Summer
ƨƨ School year
ƨƨ Winter break/semester
SURE characteristics (RQ2): The following 9 variables measure a variety of characteristics of SURE
programs based on students’ responses to the level of experience gained, amount of knowledge
acquired, or extent of exposure ranked on a 5 point Likert-type scale. While some of the characteristics
were measured using a single survey item, other characteristics were created by averaging across
multiple items. Survey items for each SURE characteristic variable and reliability statistics, when
appropriate, are listed below.
Collaboration with others. (Variable name: Collaboration)
(2 items, Cronbach’s alpha = 0.86)
How much experience did you gain in the following activities?
-- Collaborating with colleagues
None (1)

A Little (2)

Some (3)

A Good Amount (4)

A Lot (5)

How much knowledge have you gained in the following areas as a result of your research
experience?
-- How to work collaboratively with others
None (1)

A Little (2)

Some (3)

A Good Amount (4)

A Lot (5)
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Information on how computing can make a positive contribution to society. Variable name:
Social Impact
How much knowledge have you gained in the following areas as a result of your research
experience?
-- How computing can make a positive contribution to society
None (1)

A Little (2)

Some (3)

A Good Amount (4)

A Lot (5)

Exposure to computing career options. Variable name: Career Options
How much knowledge have you gained in the following areas as a result of your research
experience?
-- What career options are available within computing
None (1)

A Little (2)

Some (3)

A Good Amount (4)

A Lot (5)

Exposure to research skills. Variable name: Research Skills
(5 items, Cronbach’s alpha = 0.87)
How much experience did you gain in the following activities?
------

Using scientific methods to test a hypothesis
Generating hypotheses
Collecting data or conducting experiments
Analyzing data with statistics or other tools
Explaining results

None (1)

A Little (2)

Some (3)

A Good Amount (4)

A Lot (5)

Learning how to working independently. Variable name: Independence
How much knowledge have you gained in the following areas as a result of your research
experience?
-- How to work independently
None (1)

A Little (2)

Some (3)

A Good Amount (4)

A Lot (5)

Exposure to the research dissemination process. Variable name: Research Dissemination
(4 items, Cronbach’s alpha = 0.86)
How much experience did you gain in the following activities?
-----

Summarizing published research results
Writing or co-authoring a research paper or report
Presenting a research paper or report
Publishing a research paper or report

None (1)

A Little (2)

Some (3)

A Good Amount (4)
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A Lot (5)

Involvement in the design of a research project. Variable name: Research Involvement
(3 items, Cronbach’s alpha = 0.83)
How much experience did you gain in the following activities?
-- The design of the research project(s)
-- What research techniques/materials were used
-- Deciding what to do next (e.g. follow-up studies)
None (1)

A Little (2)

Some (3)

A Good Amount (4)

A Lot (5)

Learning about the graduate admission process. Variable name: Admissions
(2 items, Cronbach’s alpha = 0.94)
How much knowledge have you gained in the following areas as a result of your research
experience?
-- Criteria for admission to graduate programs
-- How to select the right graduate program for you
None (1)

A Little (2)

Some (3)

A Good Amount (4)

A Lot (5)

Learning about graduate student life. Variable name: Graduate Student
How much knowledge have you gained in the following areas as a result of your research
experience?
-- What it is like to be a graduate student in computer science or computer engineering
None (1)

A Little (2)

Some (3)

A Good Amount (4)

A Lot (5)

Moderator
Demographic Group: Dichotomous indicator for underrepresented students (URMW) versus majority
male students (MM). URMW students included men who indicated their race/ethnicity was Black/African
American, Hispanic/Latino, Native American, or Hawaiian/Pacific Islander, and all women. Note that our
sample did not contain any Native American, or Hawaiian/Pacific Islander men. MM students included
men who indicated Asian/Asian American and White/Caucasian or European American race/ethnicity.
MM students were coded as 0; URMW students were coded as 1. Students who indicated “Other” for
gender, and/or Arab/Middle Eastern/Persian, “Other”, or selected more than one race/ethnicity were
not included in our analyses.
Please indicate your gender.
ƨƨ Female
ƨƨ Male
ƨƨ Other; please specify ____________________
What is your race/ethnicity? Please select all that apply.
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ

Asian or Asian American
Black, African American
Native American
Native Hawaiian or Other Pacific Islander
White, Caucasian or European American
Hispanic or Latina/o
Arab, Middle Eastern, or Persian
Other; please specify ____________________
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Covariates
First-Generation status: Students indicated parented education level for up to two parents.
Students with at least one parent with “some college or an Associate’s degree” were coded as non-firstgeneration students. All other students were coded as first generation students. “Other” was coded as
missing data. Non-first-generation students were coded as 0; first-generation students were coded as 1.
What is the highest level of education attained by one of your parents/guardians?
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ

Less than high school
High school graduate or GED
Some college or Associate’s degree
Bachelor’s degree
Master’s degree
PhD
Professional degree (MD, JD, Ed.D, etc.)
Other; please specify ____________________

What is the highest level of education attained by your SECOND parent/guardian?
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ
ƨƨ

Less than high school
High school graduate or GED
Some college or Associate’s degree
Bachelor’s degree
Master’s degree
PhD
Professional degree (MD, JD, Ed.D, etc.)
Other; please specify ____________________

Class standing: Ordinal variable indicating the class standing of students at the time of survey. This
variable includes first year, second year, third year, fourth year and fifth year students, using coding 1-5.
Department type: We conducted a content analysis of students’ home institutions’ computing degree
program websites in order to group students’ department type by the highest degree granted in their
department. Department type was coded into three categories, based on the highest degree awarded
in student’s home computing department: B.S., M.S., or Ph.D. This variable was coded as an ordinal
measure ranging between 1 and 3. (1: B.S., 2: M.S., 3: Ph.D.)
Major grade point average: Continuous variable measuring students’ grade point average (GPA) in
their majors. Possible values are bound between 0-4.
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D es cr i p t iv e S t a t is t ic s
Table 1. Descriptive statistics for RQ1 sample of SURE and Non-SURE participants (n = 202)
Model component
Predictors
Moderator

Variable name
SURE Participation

Demographic group

Class standing

Covariates

Major GPA

Department type

First-generation status

Descriptive Statistics
SURE

50%

Non- SURE

50%

URMW

49%

MM

51%

First Year

4%

Second Year

16%

Third Year

34%

Fourth Year

34%

Fifth Year

12%

Mean

Median

SD

3.62

3.7

0.38

B.S.

34%

M.S.

5%

PhD

61%

First-Gen

4%

Non-First-Gen

96%
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Table 2a. Descriptive statistics for the RQ1 outcome variables for URMW and MM students separately:
Non-SURE participants (n = 101)
Moderator
Outcome

Post-secondary academic
intentions

Interest in getting a job
as a college/university
professor in computing
(1) Very disinterested to (5)
Very interested
Interest in getting a job
in computing research in
industry/ government lab
(1) Very disinterested to (5)
Very interested

URMW
n = 47

MM
n = 54

B.S.

38%

B.S.

69%

M.S.

47%

M.S.

26%

PhD

15%

PhD

6%

Mean

Median

SD

Mean

Median

SD

2.74

3.00

1.50

2.67

2.50

1.41

Mean

Median

SD

Mean

Median

SD

3.08

3.00

1.47

3.19

3.00

1.24

Table 2b. Descriptive statistics for the RQ1 outcome variables for URMW and MM students separately:
SURE participants (n = 101)
Moderator
Outcome

Post-secondary academic
intentions

Interest in getting a job
as a college/university
professor in computing
(1) Very disinterested to (5)
Very interested
Interest in getting a job
in computing research in
industry/ government lab
(1) Very disinterested to (5)
Very interested

URMW
n = 52

MM
n = 49

B.S.

25%

B.S.

30%

M.S.

33%

M.S.

33%

PhD

42%

PhD

37%

Mean

Median

SD

Mean

Median

SD

2.94

3.00

1.50

3.15

3.00

1.31

Mean

Median

SD

Mean

Median

SD

3.77

4.00

1.17

3.78

4.00

1.05
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Table 3. Descriptive statistics for RQ2 sample of SURE participants (n = 101)
Model component

Variable name
Level of exposure to SURE
Characteristics
(1) None to (5) A Lot

Predictor

Moderator

Mean

Median

SD

Collaboration

3.84

4.00

1.15

Social Impact

3.67

4.00

1.32

Career Options

3.23

3.00

1.36

Research Skills

3.20

3.40

1.11

Working Independently

4.03

4.00

1.01

Research Dissemination

2.62

2.50

1.25

Research Involvement

3.35

3.33

1.17

Admissions

3.03

3.00

1.43

Graduate Student

3.39

4.00

1.34

Demographic group

Class standing

Covariates

Descriptive Statistics

Major GPA

Department type

First-generation status

URMW

51%

MM

49%

First Year

4%

Second Year

15%

Third Year

36%

Fourth Year

33%

Fifth Year

12%

Mean

Median

SD

3.62

3.7

0.37

B.S.

35%

M.S.

3%

PhD

62%

First-Gen

4%

Non-First-Gen

96%
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Table 4. Descriptive statistics for the RQ2 outcome variables for URMW and MM students separately (n =
101)
Moderator
Outcome

Post-secondary academic
intentions
Influence of SURE on intentions
for getting a computing
research job
(1) Much less likely to (5) Much
more likely

URMW
n = 52

MM
n = 49

B.S.

25%

B.S.

30%

M.S.

33%

M.S.

33%

PhD

42%

PhD

37%

Mean

Median

SD

Mean

Median

SD

3.88

4.00

1.13

3.45

3.00

1.00

M odel s
The analyses in this report focus on two main research questions explaining two outcomes of interest:
(1) students’ post-secondary academic intentions, and (2) students’ interest in pursuing a career in
computing research. Response options for our two outcomes used different measurement techniques:
multi-level categorical versus Likert-style. As a result, we employed two different modeling strategies
to estimate the relationship between the outcome variables and the predictor and moderator variables,
which we describe below.
For students’ degree plans, we use a multinomial logistic regression, and treated response options as
an unordered categorical variable with more than two values. Specifically, this variable contained three
levels indicating students’ highest degree intentions from the following list: Bachelor’s degree, Master’s
degree, and Doctoral degree.
The multinomial logistic regression models estimate the probability of each category of the dependent
variable occurring compared to a base category. In the case of our analysis, we compare the probability
of a student wanting to pursue a Ph.D. versus a B.S. or an M.S. (i.e., the Ph.D. category is our base
category). This allows us to examine the factors that influence students’ desire to attain post-graduate
degrees in computing related fields.
Models looking at the students’ interest in getting a job in computing research using Likert-style scale
items are estimated using ordinary least squares (OLS) method. These models estimate the linear
relationship between the predictor and moderator variables and the outcome by minimizing the distance
between the actual and predicted values of the outcome variable. The coefficient estimates yielded from
these models give us the direction and magnitude of change we expect in the outcome variable based
on one unit change in the respective predictor variable.
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Each model contained a predictor (RQ1: SURE participation; RQ2: SURE characteristic), moderator
(Demographic Group) and covariates (Class standing; Major GPA; Department type; First-generation
status). While the predictor differed depending on our research question, the moderator and covariates
remained constant across all models. In all of our models, we also included a multiplicative interaction
term between the predictor variable and the moderator variable. This term is computed and entered into
the regression equations, given our research questions concerning the moderating role of demographic
group on the relationship between each predictor and outcome variables.

Res ul t s
We first look at the influence of SURE participation and demographic group on students’ post-secondary
academic intentions, then on the students’ interest in getting a job in computing research (within
academia or industry/government). Then, we turn to the impact of each SURE characteristic on students’
post-secondary academic intentions and interest in getting a job in computing research.
We do not present regression output for our full models, given the conditional nature of our output
(i.e., interpretation of the interaction term in our models is contingent on our dummy coding scheme for
Demographic group, such that output for the Predictor variable is only relevant to students who were
coded as 0)5. Instead, and consistent with our presentation style in the main text, we only present output
for simple effects of our main predictor and moderator variables. The simple effects show the effect of a
change in the predictor on the outcome for given values of the moderator variable.
In the case of SURE participation, the simple effects tables show the effect of participating in a SURE
program (i.e. changing SURE participation variable from 0 to 1) for URMW students (i.e. URMW = 1) and
MM students (i.e. URMW = 0) on each outcome. For instance, the results in Table 5 show that URMW
students have a 40% lower probability of pursuing a B.S. compared to a Ph.D. and 35% lower probability
of pursuing an M.S. compared to a Ph.D. if they participated in a SURE. Note that these comparisons
are reversible. That is, having a lower probability of pursuing a B.S. or M.S. degree compared to a Ph.D.
translates to having a higher probability of pursuing a Ph.D. compared to a B.S. or an M.S.
In the case of SURE characteristic variables, the average simple effects illustrate the effect of moving
from the minimum value of the Likert-type scale (i.e. exposure to SURE characteristic = 1) to the
maximum value of the scale (i.e. exposure to SURE characteristic = 5) for URMW and MM students. As
an example, we can look at the results in Table 7. This simple effects table shows that URMW students
who learned a high degree of research skills are 82% less likely to plan to pursue a B.S. instead of a PhD
compared to students who learned a low degree of research skills.

5

Full regression output is available upon request: contact cerp@cra.org.
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Table 5. Simple effects of SURE Participation on Post-secondary Academic Intentions for URMW and
MM Students
MM Students

URMW Students
Highest
Intended
Degree

Average
Simple
Effect

95% CI
Lower
Bound

95% CI
Upper
Bound

Average
Simple
Effect

95% CI
Lower
Bound

95% CI
Upper
Bound

B.S.

-0.40*

-0.62

-0.16

-0.46*

-0.67

-0.26

M.S.

-0.35*

-0.55

-0.12

-0.33*

-0.56

-0.07

Note. Simple effects calculated from a multinomial logistic regression model with the base category set
as Ph.D. * p < .05.

Table 6. Simple effects of SURE Participation on Interest in Getting a Job as a College/University
Professor and as a Computing Researcher in an Industry/Government Lab for URMW and MM Students
MM Students

URMW Students
Career
Track

Average
Simple
Effect

95% CI
Lower
Bound

95% CI
Upper
Bound

Average
Simple
Effect

95% CI
Lower
Bound

95% CI
Upper
Bound

Academia

0.23

-0.33

0.79

0.46

-0.10

1.01

Industry/
Gov. Lab

0.68*

0.19

1.17

0.60*

0.12

1.08

Note. Simple effects calculated from an OLS regression model. * p < .05.
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Table 7. Simple Effects of SURE Characteristics on Post-secondary Academic Intentions for URMW and
MM Students
URMW Students
Average
Simple
Effect

95% CI
Lower
Bound

MM Students
95% CI
Upper
Bound

Average
Simple
Effect

Collaboration

95% CI
Lower
Bound

95% CI
Upper
Bound

Collaboration

B.S.

-0.56

-0.88

0.02

0.20

-0.49

0.70

M.S.

-0.44

-0.81

0.14

-0.43

-0.80

0.12

Social Impact

Social Impact

B.S.

-0.49

-0.84

0.06

0.11

-0.40

0.60

M.S.

-0.32

-0.73

0.23

-0.06

-0.55

0.43

Career Options

Career Options

B.S.

-0.49

-0.83

0.00

0.46

-0.11

0.83

M.S.

-0.38

-0.75

0.10

0.06

-0.48

0.57

Research Skills

Research Skills

B.S.

-0.82*

-0.97

-0.47

0.10

-0.54

0.70

M.S.

-0.52

-0.87

0.00

-0.23

-0.75

0.42

Working Independently

Working Independently

B.S.

-0.42

-0.82

0.20

0.24

-0.37

0.72

M.S.

0.18

-0.46

0.63

0.09

-0.47

0.62

Research Dissemination

Research Dissemination

B.S.

-0.65*

-0.91

-0.23

-0.30

-0.75

0.31

M.S.

-0.28

-0.70

0.23

-0.19

-0.68

0.37

Research Involvement

Research Involvement

B.S.

-0.49

-0.83

0.03

-0.66*

-0.94

-0.02

M.S.

-0.11

-0.61

0.35

-0.92*

-0.99

-0.66

Admissions

Admissions

B.S.

-0.75*

-0.95

-0.38

-0.40

-0.78

0.12

M.S.

-0.54*

-0.85

-0.11

-0.50

-0.84

0.01

Graduate Student

Graduate Student

B.S.

-0.65*

-0.91

-0.20

0.10

-0.50

0.65

M.S.

-0.40

-0.75

0.10

-0.44

-0.81

0.10

Note. Simple effects calculated from a multinomial logistic regression model with the base category set
as Ph.D.* p < .05.

Technical Appendix | 3 1

Table 8. Simple effects of SURE characteristics on Intentions to Get a Job in Computing Research for
URMW and MM Students
MM Students

URMW Students
Average
Simple
Effect

95% CI
Lower
Bound

95% CI
Upper
Bound

Average
Simple
Effect

Collaboration
0.70*

0.50

95% CI
Lower
Bound
Collaboration

0.90

-0.01

-0.24

Social Impact
0.59*

0.38

0.28

0.80

0.12

0.37

0.67

0.05

0.18

0.81

0.21

0.40

-0.17

0.73

-0.10

-0.39

0.25

0.63

0.18

0.18

0.20

-0.06

0.43

Research Involvement
0.80

0.22

-0.04

0.48

Admissions
0.62

0.12

Graduate Student
0.38*

0.37

Research Dissemination

Admissions
0.44*

0.27

Working Independently

Research Involvement
0.60*

-0.17

0.10

Research Dissemination
0.42*

0.34

Research Skills

Working Independently
0.46*

-0.09
Career Options

Research Skills
0.59*

0.23

Social Impact

Career Options
0.48*

95% CI
Upper
Bound

-0.09

0.33

Graduate Student
0.59

0.14

-0.10

Note. Simple effects calculated from an OLS regression model. * p < .05.
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0.37
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