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Abstract

Exposure to research is an important component of undergraduate
university education, cultivating critical thinking, problem-solving,
and preparation for advanced study. However, providing individual
research experiences for large cohorts of undergraduate students
poses significant logistical challenges. This paper demonstrates
how an undergraduate research experience can be achieved at scale
for a large computer science program. Our approach integrates in-
dividual research projects into the undergraduate computer science
curriculum for up to almost 400 students within a single 10-week
course. We describe three key features of our approach: (1) a match-
ing algorithm that assigns students to research projects based on
their preferences, (2) peer-group collaboration, and (3) a distributed
supervision and assessment model to guide students through key
research activities that include reformulating research questions,
designing experiments/user studies, and presenting research. Re-
sults and feedback indicate that both students and supervisors are
satisfied, demonstrating the feasibility and effectiveness of this
scalable approach for integrating research experiences into large
undergraduate computer science programs.
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1 Introduction

Undergraduate research experiences (UREs) are recognized as an
important part of students’ education at a university, contribut-
ing to the development of critical thinking, problem-solving skills,
and academic preparedness. These experiences also improve the
diversity in STEM fields by increasing retention and engagement,
particularly among underrepresented groups [1]. However, scaling
such experiences to accommodate large cohorts of students presents
significant logistical and resource challenges. These challenges are
particularly pronounced when demand for research opportunities
for undergraduate students outpaces faculty availability.

To address them, various scalable models for undergraduate re-
search have been proposed. Course-Based Undergraduate Research
Experiences integrate research activities into regular coursework,
enabling entire classes to engage in authentic research without
requiring individualized mentoring [1, 16, 24, 33]. Programs such
as the Early Research Scholars Program adopt a group-based ap-
proach, pairing small student teams with mentors to distribute the
workload and provide structured guidance [5].

Building on these approaches, best practices have been outlined
by the Computing Research Association’s Education Committee
(CRA-E) [4], including scalable solutions to integrate research into
the curriculum, leverage peer mentorship, and utilize structured
support systems. These strategies highlight the importance of in-
clusivity and sustainable resource allocation, addressing barriers to
participation for underrepresented groups in computer science.

This paper discusses a full-time 10-weeks long research-oriented
course at the Delft University of Technology, which integrates
research experience into a large-scale undergraduate computer
science program. Our approach enables all students to engage in in-
dividual research projects through a thematic peer-group approach
under direct supervision of the academic staff (professors) of all CS
fields offered at our faculty. Running since 2019, CSE3000 Research
Project has accommodated up to almost 400 students in a single
run of the course. The approach is based on the CRA-E best prac-
tices and incorporates: peer collaboration to simulate a research
community, structured organization with decentralized execution,
distributed supervision and assessment model that optimizes the
use of limited faculty resources, and a matching algorithm that
aligns projects with students interests. Results from 12 editions
of the course indicate that students and supervisors are satisfied,
demonstrating its potential as a scalable and effective solution for
integrating research into undergraduate (CS) education.

This paper makes the following contributions:

Presents a peer-group-based, distributed approach for super-
vising and assessing a large cohort of undergraduate students. Each
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student enrolled in the undergraduate program conducts individ-
ual research, which ensures a meaningful research experience for
all. Students are organized into groups according to their research
topics and receive guidance from academic staff.

Describes a course design based on constructive alignment
aimed at ensuring assessment integrity within distributed supervi-
sion approach. It integrates intended learning outcomes, instruc-
tional strategies, and assessment mechanisms to create an immer-
sive research environment for undergraduate students.
Demonstrates the effective application of a matching algorithm
to assign supervisors’ projects to students, ensuring alignment with
their preferences and optimizing project allocation.

Analyzes four years of data on student and staff satisfaction,
providing key insights and straightforwardly sharing experiences
on the implementation of a large-scale research course.

2 Related work

Providing an undergraduate research experience (URE) has been
widely examined for its significant influence on students’ academic
success and development [27]. According to a systematic review of
URE models from 2011 to 2021 [1], different models vary in scale,
structure, support for students and their embedding, pointing to par-
ticular effectiveness of structured, course-based research programs,
that improve academic outcomes while fostering inclusion, particu-
larly among underrepresented groups. The review also emphasized
the importance of mentorship, the integration of research within
the curriculum, and the scalability of URE models to accommodate
growing student populations. Despite their benefits, challenges
such as resource allocation, faculty availability, and maintaining
the quality of student experiences in large-scale programs were
noted as critical areas requiring further innovation and support.

In many cases, a URE resembles a scaled-down graduate re-
search experience, with an undergraduate student working on an
individual project under the guidance of a faculty supervisor and
possibly their graduate student(s) [5]. However, this approach re-
quires tailored guidance, which is often unfeasible in undergraduate
programs due to large numbers of students and need for efficiency.
One possible solution is working with small collaborative peer
groups in which students, together with one or more supervisors,
conduct research on the same subject or theme. These so-called the-
ses circles promote collaborative learning and mirror the dynamics
of the broader research community [15, 17, 30, 32].

Such peer-group models call for a different approach to super-
vision [5, 9, 12]. Notably, the group supervision process not only
enriches the educational experience for students by promoting
collaboration and peer learning, but also significantly streamlines
the supervisory workload. Common issues can be addressed col-
lectively rather than individually and consistent guidance can be
provided to multiple students simultaneously.

Our approach to organizing an undergraduate research experi-
ence presented in this paper follows best practices from the above
literature, additionally including mechanisms to scale up the orga-
nization and implementation to an unprecedented number of up to
almost 400 students per single edition of the course, while ensuring
the educational quality, and staff and students satisfaction.
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3 Course design

The Research Project is a full-time course — 15 European Credit
Transfer and Accumulation System credits, 10 weeks, 40 hours/week
— for computer science students in the final phase of their bachelor
degree. With a pilot in the academic year 2018/2019, 12 editions
of the Research Project have been organized and over 1400 stu-
dents completed the course until 2024. Every academic year sees a
small edition of around 40 students in the first semester and a large
edition averaging 319 students in the second semester.

Students who successfully complete the Research Project are
expected to show an “in-depth understanding of a selected area of
computer science” at the state-of-the-art level (learning objective 1)
and should be able to “execute a small research project and report
about it” (learning objective 2). The latter encompasses a variety
of research skills, such as searching for and critically evaluating
the literature, applying and motivating research methodologies,
writing a research paper, and (orally) presenting own research.

One of the driving principles behind the Research Project is to
offer students the experience of working in a research community.
Barring rare individual projects, all students work in peer groups
of 4-5 members on a shared research problem but with distinct
research questions. The larger edition of the course averages 72
projects, typically involving supervisors from all 16 research groups
of the computer science departments at our institution. As such,
students have a large degree of freedom in terms of the area of
computer science in which they would like to specialize.

During the 10-week runtime of a Research Project edition, stu-
dents meet with their peer group and supervisors on (at least) a
weekly basis to discuss progress and plan next steps. To help them
stay on track and attain study goals, the course includes a variety of
other learning activities supported by coaches. In particular, it starts
with an online module developed by the library of the university on
advanced information literacy (IL) skills such as database searches.
Since 2023/2024 the course is also preceded by a week-long Re-
search Methods Bootcamyp that acts as a primer on relevant research
skills: (1) designing studies; (2) analyzing academic papers; (3) car-
rying out literature reviews; and (4) carrying out experiment-based
research. Moreover, students may make use of the Academic Com-
munication Skills (ACS) and the Responsible Research (RR) modules,
which include assignments, lectures, tutorials, and group coaching.
The former helps students write their papers and present their work,
while the latter focuses on responsible and reproducible research.

Every edition of the Research Project starts with students mak-
ing a research plan, containing a refinement of their research ques-
tion and a study of relevant literature, that they present to the
responsible professor and the supervisor. This is effectively the
first formative feedback moment, already in Week 2 of the course.
During the presentation, students are expected to show their un-
derstanding of the goals of the project. After further four weeks
of work — in Week 5, the midterm week — students encounter the
second formative feedback moment with their supervisors. They
inform the student whether they are on track, behind expectations,
or significantly behind expectations. Also in this week, the students
present their progress to their peers from other groups, serving
both as an opportunity to gather external feedback, and to learn
from each other. Next, in Week 7, as the third formative feedback
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moment, students submit the first draft of their final paper, which
is evaluated by their supervisors and two peers from random other
groups. The process of peer reviews is carried out using a solu-
tion integrated in the learning management software (LMS), and it
resembles a double-blind review process in that submissions and
comments are fully anonymous and students are encouraged to
interact with their peers throughout the week. Students are asked
to improve their work based on the received feedback and submit
the second draft of their paper in Week 8, which is evaluated by
the responsible professor as the fourth formative feedback moment.
Finally, in Week 9 students submit their final papers and posters in
preparation for the summative assessment in Week 10. The outputs
are also displayed in a centrally-coordinated online gallery.!

The work of the students is evaluated by committees consisting
of their supervisors and an external examiner (we elaborate on this
setup in Section 4). Four main criteria contribute to the grade:

(1) Content: (a) assessment of related work, (b) research / design
methodology, (c) application of the scientific method, (d) inter-
pretation of the results, and (e) responsible engineering.

(2) Writing: (f) quality of argumentation, (g) structure of the paper
and references, (h) motivation, and (i) language;

(3) Process: (j) planning of the project, (k) independence, and (1)
peer feedback and communication;

(4) Presentation and poster: (m) content and performance.

For each of the above 13 sub-criteria, the committee members may
mark insufficient (below a passing grade of 6), sufficient (roughly
between a 6 and an 8), or excellent (above an 8).% For each of the
four main criteria, a partial grade is asked. The grading platform
proposes a range of partial grades based on the combination of
marks for the sub-criteria. Additionally, we do not require all com-
mittee members to evaluate the students on every sub-criterion.
For example, the supervisors are deemed to have the best insight
into the students’ process whereas the examiners only observe the
outputs of the project. Thus, the final grades require the consensus
of all parties involved in the evaluation. If they cannot agree, the
course coordinators get involved as mediators.

4 Peer group distributed supervision

Each group is guided by an assistant, associate, or full professor
(referred to as responsible professor), supported by a PhD student or
a postdoctoral researcher (referred to as supervisor). Initially, we
allowed projects where these roles were jointly held by one person,
but currently we ask all responsible professors to involve an addi-
tional supervisor in the project for two reasons. First, this balances
the workload of the faculty. Second, the four-eyes principle dimin-
ishes the risk that students do not receive adequate supervision
and/or experience an unsafe working environment. On top of the
responsible professor duties, academic staff typically also fulfills
the role of the examiner for a peer group from a different research
group. While it may cost a bit more time for colleagues in a dif-
ferent field of CS to assess the work, our goal with this allocation
is over time to (1) create a more uniform understanding of what
is expected in this course, (2) help ensure impartiality, integrity,
and fairness in the assessment process, and (3) increase grading

!Please see the poster website: https://cse3000-research-project.github.io.
2The mentioned grades are on a scale from 1 to 10, where 10 is the best possible.
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consistency between groups. Examiners are only involved in the
last week, grading the students based on papers and presentations.
Finally, coaches support students in academic communication and
responsible research skills. This structure is shown in Figure 1.

Discipline A at research group X Discipline B at research group Y

Peer group 1 Peer group N
Examiner

4-5 final year responsibilities

BSc students

4-5 final year
BSc students

PhD or Postdoc  Academic staff Academic staff  PhD or Postdoc

Daily Responsible

Professor

Responsible
Professor

Daily

supervisor

supervisor

Central organization and support
Coordination by 2 members of the academic staff + student assistant
Coaches for academic communication and responsible research

Figure 1: Distributed supervision structure of the course

Wherever possible, we encourage decisions at the lowest possible
level, thus operating on the principle of subsidiarity. For example,
the central aspects of the final presentations — such as assigning
examiners and organizing rooms — remain in the care of the course
coordinators. However, the scheduling is independently done by
each peer group: the students are asked to contact their examination
committees, settle on a date, and submit it to the schedule-tracking
platform. Only if the students are unable to find a date that works
for everyone in the peer group and the committee, they may con-
tact the course coordinators for alternative arrangements, such as
a presentation held outside of the standard timeslots.

While the course remains an organizational challenge due to its
large scale, the distributed supervision setup ensures that a course
of almost 400 students pursuing 80 independent research projects
can run successfully overseen by only two faculty coordinators
supported by one teaching assistant. Naturally, during every edition
of the course, we remain in close contact with students and staff,
but a large majority of groups never need to involve the course
coordinators in their process, because communication through the
learning management software (LMS) is generally sufficient.

5 Project proposals and assignment

Our experience indicates that the success of a project depends on
the motivation of the students, a fit to the expertise (and motivation)
of their supervisors, and the feasibility of the projects within the
available time. In this section, we describe the goals for project
proposals and the related process, which ultimately results in an
allocation of students in groups of 4 or 5 to the accepted projects.

5.1 Project proposals

Following the learning objectives of this course, we have established

four main evaluation criteria for the project proposals:

e projects can be completed in the available time (10 weeks),

e project proposals provide a truthful representation of (a part of)
research at the department(s),

e prerequisite knowledge and/or skills are clear from the proposal,

e project proposals contain 5 research questions or subprojects,
allowing each student to write a unique paper.
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About 3-4 months before projects are supposed to start, we inform
all professors in the department about the process, with a deadline
for submitting proposals through a web-based system. Proposals
are a roughly one-page description with a title, prerequisites (if any,
we have three variants of 3 courses each in the 224 year and each
student can choose 3 elective courses in the 34 year which may
be listed as a prerequisite), background and motivation, research
questions, two Q&A slots, and references to the literature. Addi-
tionally, we ask supervisors to provide a plan for how to execute
the project (e.g., available code and data, baseline solutions, further
references), which is not visible to students. Proposals are labeled
by the name(s) of the supervisor(s), their research group, and tags
for both the (CS) domain and the research method (e.g., experiment,
user study, literature review, reproduction). We ask to provide 1-1.5
proposals on average per professor (and not more than 3). In the
past years this resulted in about 100 unique proposals per year for
350-400 students (so 80% of the proposals are allocated).

Each submitted proposal is evaluated by the course staff on the
criteria mentioned above, with a focus on the balance between
feasibility and openness: when a project is too open, too much time
can be lost by students exploring potential research approaches, but
when it is presented only as an implementation task, the research
experience can be too limited. When students are starting, they are
challenged to refine the provided research question and motivation.

To further stimulate the motivation of students, they are also
allowed to submit their own proposals. This process results in
around 5 extra proposals per year, on average. The course staff then
finds a professor with relevant expertise and interests, and supports
students in turning their proposal into a project for a group of five.
This proposal is subsequently treated similarly to other proposals,
with the exception that the proposing students are prioritized in
the allocation. Students may also submit project proposals where
they join a research group at another institute, and receive remote
supervision from a professor of our own university. This process
has led to new collaborations with universities around the world.

5.2 Allocation process

We prioritize allocating students to projects that are genuinely
interesting for them. In order, our goals are: (1) aligning projects
with student interests; (2) allowing students to choose preferred
peers; and (3) ensuring a fair distribution of supervision workload.

Allocating nearly 400 students to 80 projects is not trivial, so we
use a web-tool that allows students to view proposals, rank them,
and optionally indicate group preferences. We expect students to
rank at least their top-10 proposals. The provided ranking is used
to formulate a mixed-integer linear optimization (MILP) model to
compute an optimal allocation of students to projects [11, 25].

We use the so-called profile-based optimization variant, which
aims to find a Pareto-optimal allocation (so it cannot be improved
for one student without harming another) that is also fair in the
following sense. Suppose r is the rank of the project allocated to the
student receiving the worst allocation across the cohort. We aim
to minimize the number of students that receive a project ranked
r in their preferences, then for r — 1, r — 2, and so on. This is
represented as a single MILP by ordered weighted averaging [43].
We have extended the earlier model of [11] in several ways [25].
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First, we allocate preferred student groups only if this does not
harm the allocation of any of the other students. We do a manual
check whether this leads to an acceptable rank for these groups (see
Figure 2). Second, we ensure that no supervisor is assigned more
than 2 project groups. Third, every year around 1% of students fail
to submit their preferences, even after a personal reminder from the
course staff. The allocation makes sure that unresponsive students
are allocated to groups of five, and that no two of these students
end up in the same group. Without this constraint, this could easily
be a result of the optimization and has led to a poorly performing
group in the past. Finally, for students with self-proposed projects,
the allocation is fixed by the course staff. After the allocation has
been settled, we manually assign an examiner to each project.

130 127
130
120
£ 110
o 100
T %
2 80
w 70
% &0
o 50
'g 40 30
S5 30
Z 20
10 - 0 0 5
ps —
1 2 3 4 5 6

Rank

Figure 2: Number of students allocated to a project which
they ranked as 1, 2, ..., 6 (2023); rank 6 was given to a group
of students who requested to necessarily work together.

6 Collected data

Given the distributed nature of supervision and evaluation, it is
important to discuss to what extent we can ensure unbiased grading.
We use the grades for four editions of the course in years 2022/2023
and 2023/2024; they are summarized in numbers in Table 1.

Table 1: Overview of the editions considered in the analysis.

Edition # Projects  # Students # Resp. professors # Supervisors # Examiners
22/23 Q2 8 38 8 6 8
22/23 Q4 65 304 49 65 61
23/24 Q2 13 59 12 12 13
23/24 Q4 81 393 57 75 57

In Figure 3 we present the complete distribution of grades. With
an average of 8.00 (standard deviation of 0.91) after excluding 41
students that dropped out, we believe the grades align with the
construction of the evaluation rubric where an 8 generally indicates
the strongest sufficient grade. The average partial grades range from
7.80 (or 7.87, if students who failed the course are excluded) for
Writing to 8.07 (or 8.15) for Process, again aligning with the rubric.

Out of 794 students that registered for the course in 2022-2024,
41 cancelled their enrollment before the final presentation (not
included in Figure 3), 8 did not cancel their enrollment but dropped
out of the project, and further 13 received an insufficient grade for
their work, leading to a pass rate of 92.2%. Additionally, our course
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has strict entrance requirements, e.g., the students may not take
other courses along with the Research Project. In 2022-2024, the
registration of 117 students was rejected on the grounds of not
fulfilling the prerequisites. This means that around 80% of students
interested in a given edition of the course complete it successfully.

167171
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Total count

00000 2 2 45

Grade

Figure 3: Final grades over four editions in 2022-2024 for
students enrolled in the course at the moment of evaluation.

We also looked at the same grading data grouped by the research
group of (a) the supervisor and (b) the responsible professor. First,
we observed that supervisors tend to give higher grades than re-
sponsible professors, with the average final grade, respectively 8.2
and 7.7. This leniency may stem from, e.g., less didactic experience
or a tighter social relationship with the students. Still, in our setup,
supervisors inform the grades but do not officially grade the stu-
dents’ work and it may even be that this discrepancy encourages
discussion, so we do not perceive it as an important problem.

There is also some discrepancy in the evaluation between re-
search groups. For supervisors, in one research group the average
grade (based on 52 evaluations) is 2.5 standard deviations below
the mean. For responsible professors, also one research group is
a clear outlier: the average grade of 8.8 is slightly over 3 standard
deviations above the mean. However, this group has supervised
only 9 students, where the average is 47, so we simply may not
have enough data. Overall, our approach to grading with several
“fail-safe” mechanisms, such as a simple rubric, automated sugges-
tions, and course coordinator oversight seems to work well, but it
is not without shortcomings. Notwithstanding, these are not spe-
cific to the Research Project and we would expect to see similar
discrepancies, e.g., in the evaluation of Master’s theses.

Finally, to motivate our willingness to award students with high
grades, we highlight that students of the Research Project have
successfully contributed to many peer-reviewed publications over
the years. We are aware of at least 34 papers that were submitted
to a variety of venues, including A-level conferences and journals.
To our knowledge, 27 of them have been published at the time of
completion of this manuscript [2, 3, 6-8, 10, 13, 14, 18-23, 26, 28,
29, 31, 34-42]. Most often, the publications follow from the outputs
of individual students, but in at least three cases, the outputs of
a peer group were combined into one larger contribution.

7 Student experiences

After every edition of the Research Project, all students are asked
to fill a course evaluation form. It includes two open questions that
we find particularly interesting to emphasize. The phrasing of the
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questions remains exactly the same year-to-year, so we can apply a
thematic content analysis approach to all responses collected since
the academic year 2020/2021. The following paragraphs thus form
areflection on what works well and what requires special attention.

The 3 things I liked best about the Research Project are ... (n = 85).
Students most often (n = 42, or 49.4%) point to supervisors as the
highlight of their Research Project experience. This generally seems
to follow from the opportunity to closely interact with academic
staff, which is not often the case with large-scale courses. Auton-
omy, flexibility, or freedom are mentioned in 34 (40%) responses; for
example, in terms of the ability to approach research from different
angles or to structure the process without major constraints from
the course. We also find that 22 (25.8%) students discuss the peer
group setup of the course and further 22 (25.8%) students appreciate
the general organization of the course. Next, 18 (21.2%) responses
highlight the opportunity to contribute to real-world research. Other
notable themes include: gaining or practicing academic skills (14, or
16.5%), course outputs and specifically the process of writing a thesis
(14, or 16.5%), the project selection process (13, or 15.3%), and the
ability to explore a field of computer science in depth (12, or 14.1%).

“If you were the course manager of this course, what would you do
to further improve the course” (n = 84). A major feedback point (25,
29.8%) is related to the IL, ACS and RR modules whose lectures (not
group coaching) have been perceived as not informative enough.
Acknowledging that some students may have prior experience in
this regard, we decided in recent editions of the course to make
these sessions optional while keeping the assignments mandatory.
Next, 20 responses (23.8%) point to communication as a shortcom-
ing. These comments generally discuss our LMS announcements:
we publish information on a need-to-know basis for organizational
reasons (i.e., to ensure that all groups are at a similar stage of the
process) but this is not appreciated by students who would like to
work well ahead. Scheduling follows as the subsequent theme with
19 (22.6%) mentions. In 16 (19.0%) of the cases, students discuss gen-
eral organization of the course, which we addressed in several ways
over the years, such as consistently improving the course manuals
and other LMS materials. Finally, 15 (17.8%) students mention that
they have not received enough feedback. Given that the course offers
seven feedback moments (three from supervisors, two from coaches,
two from peers), we believe that this ties to the quality rather than
quantity of feedback. Indeed, the quality of supervisor support —
a major theme with 13, or 15.4% responses — may vary between
groups; we now address this by checking in with students midway
through the course, and requesting that they raise any complaints to
the coordinators as soon as they arise. Some other feedback points
include requirements for final papers and posters with 14 (16.7%)
mentions, and project selection in 14 (16.7%) responses.

8 Staff experiences

Since 2019/2020 we also solicit yearly feedback from supervisors
and responsible professors. In total, we have received 73 responses
and focus the following discussion on three main (open) questions.
Examiners are excluded due to their limited involvement.
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“Can we establish that the students have met the learning objectives?”
(n = 62). We find that 35 (56.5%) responses are an unconditional
“yes”, meaning that the attainment of the learning objectives could
be verified. In the further 25 (40.3%) positive responses, we find
respondents who generally agree about the attainment of the learn-
ing objectives with minor caveats. First, 8 (12.9%) academic staff
members observe that the main objectives may be very difficult to
“properly” achieve in only 10 weeks of the project. Second, 7 (11.3%)
responses highlight that the attainment of some goals depends on
the format of the project. Indeed, certain projects may make it easier
for students to demonstrate their expertise. We accommodate for
this challenge in the assessment rubric, where marking some crite-
rion as “insufficient”, does not necessarily have a major negative
impact on the students’ evaluation. We observe 2 (3.2%) negative
responses, but, unfortunately, they are without explanation.

“Did you enjoy the experience? Did it help your research?” (n = 69).
We are happy to report that 57 (82.6%) of the respondents enjoyed
their Research Project experience, many mentioning the close col-
laboration with students as a highlight of their experience. Only six
(8.7%) staff members did not enjoy the experience, due to it being
very stressful and/or too high of a workload, and further six (8.7%)
did not answer the question. Although most of the respondents
do not think that the projects were useful for their research, we
still find that in 25 (36.2%) cases the projects were at least some-
what helpful. We made three related observations: (1) some projects
culminate in publications as discussed in Section 6; (2) some staff
members make use of the Research Project as an opportunity to
explore a new area of research; (3) especially for PhD students,
the Research Project is an opportunity to practice with academic
skills. Thus, supervisors and responsible professors who design
their projects well can benefit from the Research Project even if
their students’ work is not sufficiently strong to be published.

“How much time (hours per group) did you spend?” (n = 70). All an-
swers to this question are ex post facto estimates, so we cannot draw
strong conclusions. Four main components require time investment
from the staff: developing a proposal, contact hours with students,
asynchronous feedback, and final evaluation. In general, responsi-
ble professors estimate their total workload for the whole period to
be 15-25 hours; supervisors’ responses are more varied, starting
at 20 hours but in some cases exceeding 50 hours. Naturally, the
amount of time dedicated to student support is the most difficult
to predict, as it depends on the complexity of the project and the
independence of the students. Our guidelines of two hours per week
per group still seem to be sufficient for most projects.

9 Conclusion

The success of the Research Project demonstrates that undergrad-
uate research experiences can be scaled effectively without com-
promising quality. In line with the literature, the results highlight
the efficacy of a peer-group-based approach and distributed super-
vision to help manage the logistical complexities of large cohorts,
while keeping students and staff satisfied. The use of a matching
algorithm for project assignment ensures alignment between stu-
dent preferences, which appears to enhance students’ and staff’s
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motivation and engagement. Despite its success, we have encoun-
tered notable challenges; we summarize our own experiences in
the form of actionable lessons we learned in the gray box below.
Also, we recognize that the Research Project has been specifically
designed for a large CS program at a large university, so it may
require some adaptation for smaller institutions. Still, we believe
that our experience can be a valuable blueprint for other educa-
tors to democratize access to research opportunities, and for other
universities to implement (large-scale) URE for their students.

Lessons we learned from the Research Project:

1= Interest in the topic is extremely important for success,
so the allocation of students to projects should be made
carefully (but it can be automated).

Decentralizing organization as much as possible helps
in dealing with larger numbers of students.

Not everyone involved (students and staff included)
will follow all instructions, so every essential step (such
as publishing proposals, allocating examiners, finding
presentation slots) requires a form of verification.

Provide all information both statically (for reference)
and by notification at the relevant time (e.g., by email).

Preparing a proposal and supervising a group of bache-
lor students is a valuable experience for PhD students.

Include preparation on reading literature and scientific
writing earlier on in the bachelor curriculum.

Intermediate, formative deadlines as soon as one week
after the start are important to keep students involved.

Half-way (formative) assessment helps give a strong
signal to students: some decide to drop out, some start
working more effectively.

Half-way elicitation of feedback from students helps
improve/support supervision.

Peer review allows students to see a sample of another
paper and reflect on the writing criteria.

Tailored tools are essential for many aspects of a large-
scale URE: proposing projects, allocating projects, dis-
tributed assessment, peer feedback, and evaluation.
Discuss the intellectual property rights with the legal
department of your institution in advance.

Decide on a policy for generative Al tools.

In case of computation-heavy projects, ensure student
access to a high-performance computing cluster.

Keep calibrating your assessment practices to ensure
grading consistency.
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