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ABSTRACT
Despite the documented importance of mentoring in undergraduate
research, few studies examine how students—especially early un-
dergraduates in computing—perceive their relationships with their
mentors. We present a qualitative thematic analysis of the men-
toring practices used in an inclusive, structured computer science
research program targeting second-year undergraduates across two
large public research universities in the United States. Uniquely
in this program, students had two mentoring sources: a technical
mentor for each research group and a graduate student mentor
common to all groups. We analyzed reflections on mentoring from
64 undergraduate researchers at two points in the program. We
compared the roles of the two mentors, characterized students’
perceptions of both successful and unsuccessful mentors, and ex-
amined how mentoring relationships evolved. Generally, students
valued mentors who provided project guidance or technical support
and who were perceived to be friendly. We found that the roles
of the two mentors were complementary in sometimes surprising
ways. Overall, our analysis confirms prior work on undergraduate
research mentoring, and provides new insights into the unique
benefits of a dual-mentoring approach and how to best support
early undergraduate computing researchers.
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1 INTRODUCTION
Undergraduate research has many benefits for students in comput-
ing, such as increased retention and higher course performance [1,
4], and is particularly beneficial for students from groups under-
represented in STEM and computer science (CS) [16, 17, 24]. Early
engagement in CS research specifically may help close sense of
belonging gaps for women, Black, Latinx, and Native American
students in this field [22].

Strong mentorship is a key part of a successful undergraduate re-
search experience (URE), as high-quality mentoring has been linked
to persistence in STEM and other positive outcomes [6, 8, 9, 12].
However, high-quality mentoring, especially of early undergrad-
uates with little disciplinary knowledge, requires significant time
and energy. This requirement tends to limit the scalability of many
UREs, as few faculty have the time or training to provide sufficient
support, and those who do typically mentor only one or two under-
graduates at a time. This bottleneck can severely limit computing
research opportunities for first and second-year undergraduates,
especially those with limited pre-college experience in computing.

To address the mentoring bottleneck, several mentoring struc-
tures have been proposed across STEM disciplines (e.g., [3],[7],[20]).
Yet there has been relatively little research into the specific impact
these structures have on undergraduate researchers in general,
and on early undergraduate researchers in computing specifically.
In fact, a 2017 National Academies of Sciences, Engineering, and
Medicine report on undergraduate research explicitly recommended
that “[a]dditional research should examine the specific role(s) of
the mentor and the impact of the mentoring relationship on the
undergraduate mentee, compared to the immersive [undergraduate
research experience] itself” [15].

We examined student perceptions of mentoring relationships in
the Early Research Scholars Program (ERSP), a scalable program
for early undergraduate research in computing [3]. This program
engages approximately 10% of students in the second year of the
computing (Computer Science (CS) and related) major at two US
public research-focused universities in a team-based academic-year
research apprenticeship. The majority of the participants in ERSP
are women and/or Black, Latinx, or Native American. Over its six
years, ERSP has shown positive outcomes in terms of student reten-
tion, sense of belonging, and performance [1]. We hypothesize that
many of these successes are due to the dual-mentoring structure of
the program (explained in Section 3), yet to date we did not have
a deep understanding of how, or even if, this mentoring structure
contributes to the program’s success.
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We performed a qualitative thematic analysis of students’ open-
ended perceptions of their relationships with their mentors at two
points in time: about halfway through, and near the end of the
program. As expected, our results support previous findings about
mentorship: students value specific direction from their mentors,
and appreciate not only technical guidance, but emotional support
as well. Our findings also add to our understanding of the relation-
ship between early undergraduate researchers and their mentors.
Students found that the two sources of mentoring support were
complementary, and we detail the specific value students found
from each source of mentoring. Finally, we examine how students’
relationships with their mentors developed over time. These results
not only support the dual mentoring structure for early undergrad-
uate research, but also provide insight on how mentors can best
support early undergraduate researchers.

2 PREVIOUS WORK
In this section we examine existing research mentoring structures,
and we explore what is known about effective undergraduate re-
search mentoring in computing and STEM more broadly.

2.1 Mentoring Structures
Several mentoring structures have been reported in the literature
for UREs in STEM. Many of these structures fit into a general
model known as Mosaic mentoring, wherein mentoring is carried
out through a network of mentors [15]. For example, in an URE
in computing based on the Affinity Research Group model [27],
students worked in pairs and were mentored by both a faculty
member and a graduate student [7]. In another program, Santolucito
and Piskac proposed a tiered mentoring structure for high school
students and undergraduates involving faculty, graduate students,
and peer-mentors [20].

Some structured mentoring programs focus specifically on early
undergraduates. Tashakkori et al. advocate for involving under-
graduates in early research by describing an academic-year long
program for freshman, sophomores, and first year transfer stu-
dents [25]. Students work in clusters, led by a faculty mentor. ERSP
uses a similar split mentoring structure to support early undergrad-
uates in computing [3], and Mirza et al. discuss barriers to early
participation in computer architecture research for undergraduates
involved in this program [14].

As the above works describe mentoring within the larger context
of a URE, the primary focus is on assessing the impact of the URE
rather than the mentoring relationships. Most use either reflections
on the overall URE experience or survey questions about students’
perceptions of the level and quality of mentoring they received, but
do not reveal the details of these mentoring relationships.

2.2 Traits of Effective Mentoring
More generally, prior work has identified the roles and attributes
of effective undergraduate research mentoring from the perspec-
tive of students, mentors, or theoretical frameworks. In a qualita-
tive interview-based study of 73 STEM undergraduate researchers,
Thiry identified three sets of roles for mentors: professional social-
ization, intellectual/research support, and personal/emotional sup-
port [26]. Pfund et al. expanded these roles to include diversity and

sponsorship [18]. Shanahan identified 10 significant evidence-based
practices based on a meta-analysis of the literature on undergradu-
ate research mentoring across a broad range of disciplines [21]. In
an interview study of 32 exceptional mentors,Walkington identified
common best practices—creating challenge, sustaining engagement,
and celebrating achievement—and reported that successful mentors
create a productive balance between control and freedom [29].

Other works specifically examine aspects of research mentoring
in CS. A 4-year study of 117 NSF-funded UREs identified mentoring
strategies that promote gender equity in CS: fostering research com-
petence, tracking individual progress, and discussing “safe” topics
that relate to both men and women such as work/family balance
issues, implicit bias, and stereotype threat [10]. Another large two-
year study of 54 NSF UREs in computing studied the attitudinal
shifts that occur for URE participants, and differences in percep-
tions based on student demographics [19]. Among other results,
the authors suggest that a lack of culturally relevant mentoring can
lead to a decrease in intent to attend graduate school.

Satisfaction with mentoring relationships has been shown to
lead to many positive outcomes for students who participate in
STEM UREs, including an increased sense of competency and iden-
tity as STEM researchers [28], persistence in STEM [6, 12], and
as a predictor in enrolling in doctoral programs [5]. Similar re-
sults were reported by Barker in an interview-based study on UREs
in CS [2], who found that positive research experiences include
mentors providing appropriate scaffolding and career guidance.
Negative experiences featured mismatch of expectations between
faculty and students, weak mentoring relationships, and students
perceiving themselves as being used as “free labor.”

2.3 Relationship to Prior Work
Prior work generally either studies students’ detailed perceptions of
a 1-on-1 style mentoring relationship, or evaluates programs involv-
ing mentoring structures holistically without studying the student-
mentor relationship in detail. We build on prior work by studying
the perspectives of early undergraduate researchers in computing
on mentoring relationships in a structured, dual-mentored pro-
gram. Our analysis confirms some of the findings in prior work
about the attributes of effective mentors in STEM and CS URE pro-
grams [2, 10, 18, 19, 21, 26, 29]. We also present new insights into
the roles of mentors, the dynamics that emerge in a dual-mentoring
approach, and how mentoring relationships developed over time.

3 APPROACH
The context for our study was ERSP, a large-scale academic-year
program for primarily second-year undergraduate students in com-
puting and related majors at two large public research universities
in the United States [3]. We studied the program in the 2019-2020
academic year, which was the sixth year of the program at one
university (UC San Diego) and the second year at the other (UC
Santa Barbara).

The program structure was the same at the two universities, and
is designed to provide significant structure and support for early
career researchers. The program runs for a full academic year, and
the key structural components with respect to this study include:
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• Group-based research: Students perform all major research
activities in groups of (around) 4, which are stable through-
out the program.

• Dual mentorship: Students in the program have two re-
search mentors. Each group has a technical mentor, who is
usually a faculty member but sometimes a graduate student
or postdoc, leading the research. Groups are also advised by a
central mentor, a single graduate student who provides men-
toring to all of the groups in the program. Research teams
meet with their technical mentor and the central mentor at
least weekly for 30-60 minutes throughout the program.

3.1 Research Questions
Over the years of running the program, we have observed extremely
high retention rates in the program (typically above 95%), extremely
successful research projects, and generally high levels of student-
reported satisfaction with the program. We hypothesize that one
of the reasons the program is successful for so many students is
that the program’s mentoring structure gives sufficient support
without overwhelming the technical mentors. To investigate how
the mentoring structure is working in more detail, we posed the
following research questions:
RQ1: What roles do mentors play for the students in this program?
RQ2: What is the role of the central mentor vs. the technical men-

tor and are these roles complementary?
RQ3: How do students’ relationships with their mentors change

(or stay the same) over the course of the program?

3.2 Data Collection
We collected open-ended survey data from students at two points
in time: about halfway through the program, when students were
in the initial phase of their research (which starts in earnest about
3 months into the 9-month program), and about two months from
the end of the program, when they were well into their projects and
beginning to end their research activities and write up their work.
These points are labeled here as “winter” and “spring”. The two
surveys were identical, each containing the following questions:

(1) Reflect on your relationship with [your technical mentor]
by addressing as many of the following questions/prompts
as possible: How well do you think the relationship with
your technical mentor(s) is working? Briefly describe your
interactions. What type of technical support, if any, does
your mentor provide? What type of non-technical support,
if any, does your mentor provide? What would you like your
mentor to do that they don’t currently do?

(2) Now reflect on the advising that [the central mentor] pro-
vides by addressing asmany of the following questions/prompts
as possible. What is working well about the advising the cen-
tral mentor provides? In what ways does the central mentor’s
advising complement what your technical mentor provides?
What would you change about the support the central men-
tor provides or what would you like them to do that they
are currently not doing?

All responses were individual, but some participants wrote from
their personal perspective (e.g. “My relationship with my mentor

is...”), while others wrote from their group’s perspective (e.g. “Our
mentor supports us by...”).

There were in total 65 participants in the programs—49 from
UC San Diego and 16 from UC Santa Barbara—all of whom con-
sented to participate in this study. We received complete responses
from 64 participants (98.5%) in the winter survey and 57 (87.7%)
in the spring survey. The percentage of respondents who identify
as female was 49% for the winter and 47% for the spring. The per-
centage of respondents who identify as Latinx, Black and/or Native
American was 18% for winter and 19% for spring.

3.3 Data Analysis Methods
We used a deductive thematic analysis approach guided by the re-
search questions above [13], iteratively refining codes and themes
through gradual expansion of the data. Initially, all four researchers
independently coded 10% of the winter responses to each question,
and then met to discuss the codes and initial themes. They then
iteratively refined the codes and themes until a high (>0.9) inter-
rater agreement was reached. Since each response often discussed
different aspects of mentoring, we applied multiple codes as needed
for each response. Consequently, we used Kraemer’s kappa, a refine-
ment of Cohen’s kappa appropriate for multi-categorizable coding,
to calculate inter-rater agreement [11]. Two of the researchers then
repeated this process on 10% of the data at a time, adding new codes
and refining existing codes as needed, until inter-rater reliability on
new data consistently surpassed 0.8, which turned out to be after
40% of the responses were coded. The remaining responses were
then fully coded and differences resolved by consensus.

To specifically examine the quality of students’ relationships
with their mentors, the two researchers also labeled each response
as explicitly positive, neutral, or negative. The neutral categoriza-
tion was used for purely descriptive responses, while we required
explicit affect to label responses as positive or negative. For exam-
ple, a response beginning “He is doing everything right. [Central
mentor] is awesome, please give him a raise.” was labelled positive,
while one stating “The relationship works.” was labelled neutral. We
supplemented this analysis with demographic data and information
on which students shared research groups.

4 RESULTS
4.1 RQ1: Mentors’ Roles
Our thematic analysis revealed 31 codes, which fell into into five
higher-level themes. These are summarized in Table 1, along with
the count of code occurrences for the 29 codes used more than once.

We found that the vast majority of mentoring relationships were
functional. Of the 241 responses collected, 114 were explicitly posi-
tive, 118 were neutral, and only 9 expressed negative perceptions
of mentors. In addition, Table 1 shows that the negative codes
(e.g. “Unhelpful meetings”, which sometimes appeared in an overall
neutral relationship) were relatively infrequent.

The most prominent mentoring themes—Project Guidance and
Technical—related to direct support with research planning and ex-
ecution, where the mentors seem to be playing the role of “teacher.”
By far the most frequently-cited kind of guidance provided by men-
tors was guidance on what to do next, usually in the short term.
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Table 1: Mentoring themes and associated codes

Theme/Code Winter Spring Total
Project Guidance 158 130 288

Guidance on next steps 59 59 118
Constructive feedback 22 19 41
Big-picture context 20 16 36

Points to other resources 17 11 28
Asks questions 16 9 25

Not enough guidance 20 3 23
Poster/paper help 0 11 11

Mentor expectations too high 4 2 6
Technical 126 95 221

Provides technical support 49 42 91
Answers questions 26 21 47
Teaches content 28 19 47

Not enough technical support 12 2 14
Background in other fields 6 7 13
No technical support needed 5 4 9

Interpersonal 75 70 145
Friendliness/emotional support 32 30 62

Good communication 12 14 26
Liaison between advisors 10 10 20
No non-technical support 8 5 13

Advisors aren’t on same page 3 2 5
Future research career advice 0 5 5

No personal connection 2 2 4
Treats students as immature 4 0 4
Insufficient communication 2 1 3

Intimidated by mentor 2 1 3
Meetings 23 17 40

Insufficient meetings 13 8 21
Productive meetings 5 7 12
Unhelpful meetings 5 2 7

Metaskills 6 14 20
Helps with teamwork 6 7 13

Independence in research 0 7 7

Perhaps in part because students were so early in their undergrad-
uate careers, they appreciated being given specific tasks, much as
they are used to in their coursework. Conversely, while students ap-
preciated that research is more open-ended than coursework, they
reported feeling confused, lost, or intimidated at being given too
much independence or "assigned" tasks they felt weren’t specific
enough, as illustrated in the following excerpt:

[The technical advisor]... [gives] us more freedom to make our
own decisions of where we want to take our research. While
I understand how this will allow our group to grow more, I
believe that it has led me to feel unsure of how to ask for
technical support.

Students also viewed their mentors as sources of technical in-
formation and help, frequently mentioning that mentors answered
their questions and proactively taught content. One student wrote:

Our advisor provides us with more technical support and ideas
that can push us along the path that our faculty advisor wants.

This includes reviewing our code, helping us debug, suggest-
ing new techniques to look into, as well as tiny shifts in our
algorithm.

This student appreciates that the mentor is playing the role of
tutor (debugging, providing hints when solving problems), perhaps
because it makes the unknown of research feel more like the course
structures they are comfortable with.

The remaining themes in Table 1—Interpersonal, Meetings and
Metaskills—highlight aspects of the mentoring relationship more
related to the research process than the actual content of the work.
In this domain, students primarily reflected on the friendliness and
approachability of their mentors, as well as how available their
mentors were for meetings.

The perceived friendliness of a mentor was one of the most im-
portant characteristics of a positive mentoring relationship. We
coded a response with “Friendliness/emotional support” when stu-
dents wrote about mentors demonstrating a personal connection or
showing concern for students’ emotional state. This characteristic
made students more comfortable asking technical questions, as
illustrated by the following response:

She also keeps the mentor/student relationship more casual
and friendly so it makes it easy to tell her about any difficulties
we’re having.

While struggle is commonly seen for undergraduate researchers,
this is especially true for early undergraduateswhomay be confused
about basic concepts and have a large number of what they might
perceive to be “stupid questions.” A mentor who explicitly puts
the student at ease facilitates the teaching part of the mentoring
relationship, which is so clearly important for early undergraduates.

Friendliness also seemed to be a quality that required proactive
effort. Evenwhenmentors say that students should feel comfortable,
this result is not always achieved with a hands-off approach, as the
following response illustrates:

He takes a hands-off approach but if we ask, he will always
give us advice and point us in a better direction... I’m not really
sure what to ask him sometimes... It’s still intimidating for me
to meet with him, I feel I barely know anything compared to
him, but he’s expressed that we can be comfortable with him.

In contrast, friendly mentors invite questions, as described in
the following response:

[Central mentor] is approachable and easy to talk to; she does
not make any of us feel inadequate for asking basic questions.

Students with more approachable mentors are no more sure what
to ask, but the fact that they feel comfortable asking the “wrong”
question helps them open up.

Although responses with negative sentiment were infrequent,
the ones that did occur often co-occurred with insufficient meeting
availability, insufficient technical support, or a feeling that the men-
tor was not respecting the student. Just as they expect a smooth
learning experience in their courses from their teachers, early un-
dergraduates need and expect their research mentors to give them
sufficient support. One student wrote:

I don’t think I have a good relationship with my research
advisor. I barely see him and when I see him there is very little
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Table 2: Technical mentor’s top ten most frequent codes

Code/Theme Counts
Provides technical support 70

Provides guidance on next steps 54
Friendliness/emotional support 43

Answers questions 43
Explains concepts/teaches 34
Constructive feedback 23

Provides other sources of help 23
Good communication 21

Not enough guidance from mentors 17
Big-picture context 16

interaction and it is a bit awkward in my opinion. Last quarter
I believe we only met with him about 3 or 4 times.

Students also reacted negatively when mentors seemed not to
respect their point of view, as illustrated by this student’s response:

My relationship with my advisor is not the best. Sometimes
I feel that they do not want to listen to our input and idea
and only care about theirs. Whenever we think of an idea they
automatically think of 5 different ways that it could be bad
and why we shouldn’t do it.

A seasoned researcher reading this experience likely perceives that
the mentor is actually highly engaged, pushing back to encourage
lively research debate, but that is not the way an early undergradu-
ate perceives the mentor’s reaction.

4.2 RQ2: Complementary Mentoring Roles
To understand the roles played by the technical mentor and the cen-
tral mentor, we examined the codes that occurred most frequently
when students reflected on their relationship with each mentor. The
ten most frequently occurring codes for the technical and central
mentors are summarized in Tables 2 and 3, respectively.

Students generally perceived the role of the technical mentor pos-
itively, appreciating project-related, process-related, and personal
mentoring. However, students across the program also felt their
technical mentor did not provide enough guidance. The code “Not
enough guidance from mentors” appeared for 17 students across
12 groups, of 18 total groups.

Similarly Table 3 shows that the central mentor also played a
largely positive role, providing guidance on next steps and acting as
a liaison to the technical mentor. However, 10 students, all from one
university, felt they had insufficient number of meetings with this
mentor. This feeling was almost always attributed to the mentor
canceling meetings (often at the last minute) rather than a systemic
lack of interaction. As such, this issue is likely due to the workload
of the student chosen as central mentor rather than the structure
of the program itself.

By analyzing Tables 2 and 3, we start to get a picture of the
complementary roles that mentors played. A prominent dynamic
was that, for many students, lower-level technical help tended to
come from the technical mentors and higher-level project guidance
tended to be from the program’s central mentor. One student’s
reflections capture this synergy well:

Table 3: Central mentor’s top ten most frequent codes

Code/Theme Counts
Provides guidance on next steps 64

Liaison between advisors 21
Provides technical support 21

Big-picture context 20
Asks questions about research 19
Friendliness/emotional support 19

Constructive feedback 18
Helps with teamwork 14

Explains concepts/teaches 13
Insufficient meetings 10

[Technical mentor] ... [has been] guiding us on how to use
open-source libraries for building machine learning models,
sending us tutorials to follow, and showing us how to work
with large datasets.

[Central mentor] has helped us keep track of our progress ...
Her advising is more generic and is in regards to the overall
pace we’re moving at as well that the division of labor within
our group, whereas our technical advisor is more concerned
with the details of our project.

This dynamic makes sense (only the technical mentor has specific
low-level expertise), and it shows that the dual mentoring structure
is working as intended. The central mentor is freeing up time for
the technical mentor to focus on low-level details by helping with
high-level and contextual mentoring support.

A related trend that emerges is that students tend to ask questions
of their technical mentors and to be asked questions by the central
mentor. Technical mentors provided an insider’s perspective and
so could answer fine-grained technical questions, while the central
mentor’s questions helped students contextualize their work, as
described by the following reflection:

It’s great that [central mentor]... can question the logic of our
work and help us understand the motivations of our work
better by doing so.

We also compared the relative code frequencies between the two
types of mentor. For each code in Table 1 that occurred more than
1% of the time in our data, we calculated how often that code applied
to each type of mentor. These results are shown in Figure 1. Bars
to the left and right indicate codes that were more often applied to
responses about the central and technical mentor, respectively.

Figure 1 shows more support for the complementary roles sug-
gested by Tables 2 and 3. The central mentor’s role was at a higher
level, focused on issues of teamwork, communication, and big-
picture contextualization (through question-asking), while students
depended on the technical mentor as a technical guide who they
looked to for resources and answers to their questions. Figure 1 also
shows that the central and technical mentors played some roles to a
similar extent: helping students understand the big picture of their
project, providing guidance on next steps, providing constructive
feedback. As observed before, students felt that they would have
liked more meetings with both mentors and more technical support
from both mentors.
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Figure 1: Difference in code frequencies for central (left) vs.
technical (right) mentors

4.3 RQ3: Mentoring Relationships over Time
Overall, mentoring relationships were largely stable betweenwinter
and spring. Table 1 shows the relative frequency of most codes did
not change. Some new codes surfaced in the spring data related to
end-of-program results and growth in students’ research identity.

Generally, mentoring relationships improved with time. Students
felt they received enough project guidance more often, and their
comfort with research independence grew (Table 1). We verified
that this trend is not due to a lack of spring data from students who
expressed these sentiments in the winter. Additionally, there were
6 students who had an overall negative mentoring relationship in
winter, but all of these improved to neutral or positive in spring.
Reasons for these improvements included better communication,
more technical support, and students becoming more comfortable
with their mentors. Often, this improvement seemed to be due to a
change on the part of the student. For example one student wrote:

Previously it felt that we were not getting enough attention
from our advisors, but now we have tried to take more of an
initiative in reaching out to them more often. By being more
proactive, I think that our relationship is improving and our
advisors are more interested in helping us.
On the other hand, 2 students’ relationships worsened in the

spring, both due to unmet or compounding expectations. In one of
these cases, the student had hoped in winter for a social relationship
with the mentor and lab members, writing:

I would like my advisor to be a connection between the other
lab members.

However in the spring the student was dissatisfied with the lack of
improvement in atmosphere, writing:

We only interact if my team has questions for him and he does
not really reach out to us in any way... Outside of that, we
don’t really talk or understand one another.

5 DISCUSSION
Our findings indicate that a dual-mentoring structure effectively
engages early undergraduates in research, as only a small number
of students (less than 10%) reported overall negative relationships

with their mentors, and those relationships improved over time.
Further, the mentorship level seems adequate considering the high
retention rates in the program (98% for the cohort under study).

It is unsurprising that early undergraduates need a lot of project-
related and emotional support. The question is: Can the mentoring
load be shared between the technical mentor (typically a faculty
member) and a central mentor who doesn’t necessarily have domain
expertise? Our results suggest yes. We found the central mentor can
provide high-level support and share in the project guidance, help-
ing students to reflect on their research, think more deeply, and ask
their technical mentors questions. Although it may seem counter-
intuitive, this freed faculty/technical mentors to provide more of
the critical low-level support to students, which is something the
central mentor cannot provide.

We found that students tended to see research as a series of
assignments to complete rather than an independent discovery
process. However, we observed some growth and comfort with
less guided research as the program progressed. This confirms
prior findings that projects for early undergraduates should be
appropriately scoped [23].

Although the program has a heavy emphasis on diversity, few
students reported receiving life or career mentoring and none men-
tioned diversity-related discussions with their mentors. It is unclear
whether students didn’t report on such type of mentoring because
they were not explicitly prompted to do so or if they never received
it. While the ratio between men and women in the data set was
relatively even, and students from traditionally underrepresented
racial and ethnic groups were fairly well-represented, we did not
find conclusive differences in experiences by student demographics.

The main limitations of our findings arise from differences and
biases among the qualities of the mentors and coding subjectivity.

Qualities of mentors. We did not control for several differ-
ences among mentors. First, we expect some level of selection bias
among the mentors. All faculty mentors were volunteers, and as
such they tended to be more committed to providing a positive
research experience and more cognizant of diversity issues. We
cannot conclude that mentoring relationships would have been as
successful with a broader pool of mentors. Second, while the central
mentor was supported by a stipend, the technical mentors were
not explicitly compensated for mentoring. This may have impacted
the level of commitment among the two types of mentors. Finally,
due to the central mentor’s position as mentor to every group, any
issues with that mentor would be amplified across all groups.

Subjectivity of coding. We expect some level of subjectivity
and the possibility for human error in the coding process. Although
most codes were straightforward, evaluating the overall sentiment
of an excerpt may be debatable, as it was sometimes difficult to
define an absolute distinction between positive and neutral excerpts.

6 CONCLUSION
This work shows how a dual-mentoring approach can effectively
support early undergraduates in research, and examines the specific
role of each mentor in a successful, and scalable, URE program. We
hope that the CS education community will use these results to
expand early undergraduate research opportunities, develop new
mentoring models, and train faculty and graduate students who
serve in mentoring roles.
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