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Abstract
Thanks to increasing awareness of the importance of reproducibil-
ity in computer science research, initiatives such as artifact review
and badging have been introduced to encourage reproducible re-
search in this field. However, making “practical reproducibility”
truly widespread requires more than just incentives. It demands
an increase in capacity for reproducible research among computer
scientists - more tools, workflows, and exemplar artifacts, and more
human resources trained in best practices for reproducibility. In
this paper, we describe our experiences in the first two years of the
Summer of Reproducibility (SoR), a mentoring program that seeks
to build global capacity by enabling students around the world to
work with expert mentors while producing reproducibility artifacts,
tools, and education materials. We give an overview of the pro-
gram, report preliminary outcomes, and discuss plans to evolve this
program.
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1 Introduction
With increasing recognition of the importance of reproducibility in
computer science research, a number of initiatives have emerged
to encourage, evaluate, and reward reproducible research practices.
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Connections between Mentors and Mentees

Figure 1: Map of mentor-mentee links in the 2023 and 2024
Summer of Reproducibility.

The most widespread is the introduction of artifact review and badg-
ing processes by academic conferences and journals. For instance,
the ACM (Association for Computing Machinery) has implemented
an artifact review and badging system that awards badges like
Artifacts Evaluated, Artifacts Available (with sub-types Artifacts
Evaluated - Functional and Artifacts Evaluated - Reusable), and
Results Validated (with sub-types Results Reproduced and Results
Replicated) to indicate varying levels of reproducibility [2]. There
is an ongoing discussion [9–12, 30, 34, 37] about the limitations of
artifact badging as a concept, problems in its implementation, and
whether or not it has realized its goals, but meanwhile it remains
the most widely adopted tool for advancing reproducibility.

However, efforts to incentivize the creation of reproducible re-
search artifacts, like badges, are only one part of a healthy ecosys-
tem for reproducible research. These efforts do not address barriers
to reproducibility [13], such as lack of infrastructure and tools,
or insufficient education and training. To make “practical repro-
ducibility” [15]) widespread demands an increase in capacity for
reproducible research among computer scientists by addressing
these barriers at a global scale. While there have been efforts by
individual instructors to introduce reproducibility training in com-
puter science and computational science coursework [3, 6–8, 14, 20–
22, 25, 28, 33, 35, 36], and of course individual PIs may train research
assistants in reproducible research practices, these efforts are highly
localized to the individual research group or educational institution.

The Summer of Reproducibility (SoR) program seeks to address
this gap by funding students around the world to work with expert
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mentors to produce reproducibility artifacts, tools, and education
materials [19, 24]. It is, to our knowledge, the first global initiative
to build capacity for reproducible research in computer science
through a distributed mentorship model. In its first two years, SoR
supported 41 students working with 35 unique mentors from 10
different countries around the world (see Fig. 1) – with another 15
students currently enrolled in the 2025 cohort – across disciplines
like machine learning, genomics, and computer networks. In this
paper:
• We describe a distributed mentoring model for increasing global
capacity for practical reproducibility.

• We report on outcomes from its first two years.
• Wedescribe plans to evolve this program based on lessons learned.

2 Context
SoR is a hands-onmentorship program, funded by theNSF-supported
REPETO project [27], aimed at broadening the reach of reproducibil-
ity practices in computer science. It takes a “science without bor-
ders” approach, focusing on involving the international academic
community as well as young researchers in overall practical re-
producibility efforts. SoR is based on the highly successful Google
Summer of Code (GSoC), which has been supporting open source
projects around the globe since 2005. While originally envisioned
as a way to avoid “academic backsliding” in computer science stu-
dents – and thus improving the talent pipeline to companies like
Google – GSoC became a powerful avenue for building communi-
ties for open source projects while at the same time training the
next generation of technologists [31]. GSoC – fully funded through
the Google Open Source Office – supports on average 1,100 con-
tributors (typically undergraduates) working with around 200 open
source projects. [32]

The UC Santa Cruz Center for Research in Open Source Software
(CROSS), a partner of the REPETO project, have been a mentor or-
ganization for GSoC since 2018. Having seen the extent to which
its affiliated projects and their communities were buoyed by GSoC,
and how students gained from the experience, SoR followed the
GSoC model to provide a viable pathway for growing the prac-
tical reproducibility community of practice at a global level, and
creating new tools, artifacts, and educational materials for this com-
munity [19, 24]. Projects cover a wide range of topics with students
building tools and datasets to facilitate reproducible experimenta-
tion, creating and evaluating reproducible artifacts, developing best
practices for artifact packaging, and creating open educational re-
sources to promote reproducibility practices. Students, who receive
a competitive stipend, acquire valuable skills while at the same
time producing materials that are of value to the wider scientific
community.

3 Overview of program
Copying the distributed approach of GSoC – which allows a small
team of administrators in the Google Open Source office to support
over a thousand students a year – the SoR team empowers mentors
from any university or research institution to expand their research
by working with dedicated students from around the world. These
students, in turn, build much-needed skills in reproducibility and
gain a deeper understanding of the need of practical reproducibility

in all scientific sectors. The annual program timeline is illustrated
in Fig. 2. In the first phase, which typically takes place in January-
February, the SoR organization releases a call for mentors. SoR
mentors — who may be faculty, researchers, or industry profes-
sionals — propose “projects ideas” based on unique research and
real-world problems related to reproducibility. These project ideas
– which tell a story of what the mentor wants a student to do over
the summer – are placed on a central website, allowing students
and other interested newcomers to discover them. The SoR organi-
zation includes this page in their application to be a GSoC mentor
organization.

In late February/early March, GSoC publishes a list participat-
ing mentor organizations with links to their project pages. This
commences the proposal development period, in which prospective
mentees discover projects of interest and develop proposals for
them. By leveraging participation in GSoC, the SoR benefits from
its global reach, allowing SoR project ideas to be seen by thousands
of students and early career professionals from all over the world.
The SoR program then acts as a clearinghouse, providing a place
for mentors and mentees to get matched.

The distributed project selection process is a critical aspect of
the SoR. The ultimate selection of the mentees is left to the mentors.
Mentees are encouraged to reach out to mentors early in the pro-
posal writing process; this interaction allows for a highly iterative
drafting process for the proposals that also provides a chance for
mentors to get to know interested mentees ahead of the applica-
tion deadline. The mentors are able to test applicants’ soft and hard
skills – not just their understanding of important scientific concepts
or programming languages, but also their ability to take critiques,
interact in a group and communicate with the project team. Their
interaction with applicants prior to the submission deadline typi-
cally plays as much a part of the final decision as what is written
in final proposal submitted by the applicant. While this process
requires a significant amount of time for the mentor during this
phase of the program, it also typically results in more successful
mentor-mentee matches. The success rate for SoR projects – defined
as mentees completing the summer project to the satisfaction of the
mentor and meeting agreed upon milestones – is close to 100% in
the first two years. While difficult to quantify, the interaction prior
to the application has been cited by many mentors as the likely
reason for this high level of success.

Mentors review the submitted proposals and indicate to the SoR
organization adminstrators which mentees they would like to work
with. The primary criteria mentors use to select mentees is simple:
will the mentee’s work provide a tangible benefit or solution to
the proposed project? While the SoR team does a final review to
prioritize projects that most meet the reproducibility related goals
of the program, it is the mentor’s choice that decides which mentee
earn a slot. Then, mentees receive offers from the SoR organization.
Mentees are offered stipends according to their level of education
(undergraduate, graduate, and PhD) as well as their country of
residence, using a purchasing power parity guide developed by
GSoC for determining rates for mentees. The SoR stipends are
structured as fellowships for mentees – so not an internship – and
specifically focuses on their independent project that allows them
to develop expertise through participating in research activities
with the mentors.
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Figure 2: Program timeline, showing the roles of the organization, the mentors, and the contributors (mentees).

Matched mentors and mentees begin an “onboarding” period in
May, then work on the project in earnest typically over June, July,
and August. During this time, the administration of the program is
managed by the SoR project team, allowing mentors to focus solely
on their research and the work of the mentees. The mentees are
required to submit three assessment reports (published as blogs on
the SoR website) at the beginning, middle, and end of the project
detailing their approaches, goals, and accomplishments. The final
of these blogs includes references to the mentee’s deliverables (pa-
pers, code bases, datasets, and other artifacts) as well as their final
outcomes. Mentors also provide feedback to the program adminis-
tration at the middle and end of the project period regarding their
satisfaction with the mentee’s work and the project progress.

A unique aspect of the GSoC model, which the SoR emulates, its
ability to work relatively seamlessly across borders. As noted above,
the SoR is able to attract students and early career professionals
from across the globe to work with our mentors, and while most
of our mentors are based in US universities, the program has also
included mentors from the EU each year. This is illustrated in Fig. 1,
which shows mentor-mentee links from the first two years of the
program, based on the location of their academic affiliation.

4 Preliminary outcomes
In 2023, the program’s inaugural year 36 students applied to 13 sep-
arate reproducibility projects working with a total of 18 mentors. In
this first year, SoR was able to support 18 SoR students, including
15 undergraduate and 3 graduate students. The total number of
mentors includes both individual mentors and mentor teams. Ad-
ditionally, mentor and mentor teams are allowed to post multiple
project ideas, allowing them to create small cohorts working on dif-
ferent aspects of their projects over the summer. SoR’s first year saw
student participants from seven countries: 6 were from the U.S., 5
were from Indonesia, 3 from India, and one each from Brazil, China,
Egypt, and Nigeria. SoR 2024 saw an increase in applications and
interested mentors; the program received 50 applications to work
on 19 separate SoR projects with a combined total of 30 mentors
(10 projects had two co-mentors). The program was able to support
23 SoR students - 12 undergraduates and 11 graduate students. As
in 2023, the SoR 2024 program continued its global reach while at
the same time bolstering the capacity of U.S. students. In 2024, 12
students were from US universities; 4 students were from India;
3 from Indonesia; and one each from Austria, China, Egypt, and
Germany.

The SoR projects varied in disciplines, but their benefit to re-
producibility could be broken generally into five categories. Some

invited contributions to reproducibility tools or technical platforms;
some relate to reproduciblemethodologies or workflows; somewere
for packaging specific high-value reproducible artifacts; some sup-
ported artifact evaluation initiatives; and others developed open
educational resources for reproducibility training [24]. A selection
of exemplar projects is described in Appendix A.

Signaling the extent to which our mentors appreciated the con-
tributions of their SoR mentees, the program saw 13 mentors return
for a second year, and one 2023 mentee who returned to mentor in
2024. As we prepare for the 2025 program, we are again seeing a
similar number of returning mentors to the program. In their final
evaluations, mentors have been overwhelmingly positive about
their experiences; many SoR student summer efforts have led to
follow-on work, including: journal and conference papers, follow-
on projects and new research proposals; workflow improvements;
education materials; and documentation and other materials to
assist benchmarking and reproducibility efforts. SoR related papers
have been accepted at conferences like ACM REP and EuroSys, as
well as published in eScience. Many mentors are attracted to SoR
because of the program’s ability to recruit mentees from around
the world and the extent to which the mentee’s work has had a
significant impact on their reproducibility related research. Specific
qualities that mentors have highlighted from the first two year of
the program included:

Mentees’ efforts make notable positive impact on mentor’s work
and further research and education in the field:
• “[The student’s project will] reduce the gap between domain
scientists ... and computer system scientists/engineers by per-
forming reproducible benchmarks that will provide a clear un-
derstanding of genomic workflow performance and execution
infrastructure.”

• “This project developed educational materials that will be used
immediately in the upcoming fall semester, and beyond.”

• “The contributor’s improvements will be merged into the main
repo in time for the Fall 2023 semester. I know of at least one
university that plans to use this material this Fall.”
Enthusiastic mentees working on a project of their own creation

(with guidance from mentors):
• “This program is excellent for providing the opportunity to work
with smart, creative, and productive young scientists and engi-
neers. . . . I also learned a lot from my student.”

• “[The SoR student was] enthusiastic and self-motivated.. . . . SoR
provided us a great platform to connect with great students and
have them join our projects and make progress.”

• “[The SoR student] is self-motivated and is able to solve most
problems independently. He is also careful and created detailed
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docs and scripts to easily reproduce our evaluations. I really
appreciate his work.”
Global reach of program allows for creating a global co-hort of

reproducibility-engaged students:
• “An interesting aspect of this project was the chance to collabo-
rate with talented students from around the world.”

• “The SoR can help me find good students to push my project and
provide unique financial support to the students.”
Unique method for funding students and furthering research:

• “While funding opportunities for students exist, shaping soft
funding into paid research positions requires foresight and effort...
[SoR] makes this process significantly easier.”

• “[SoR] offers rewarding opportunities for undergraduate students
to learn and contribute to our research projects, providing them
with valuable hands-on experience that goes beyond what they
can gain from coursework alone.”

• “SoR funded the student who helped us create detailed docs and
scripts to easily reproduce our project evaluations. This not only
eases our own future work, but also helps us promote our work
as other people can easily reproduce our results.”
Mentees have been similarly positive about the program, based

on surveys during and after the first two program years. They
value the skills and experience they gained, and see them as hav-
ing substantial impact on their career and educational goals, with
many undergraduates noting that the experience prompted them
to consider graduate studies for the first time:
• “The SOR was an incredibly impactful experience [that provided]
a critical launchpad for my dissertation research, deepened my
professional network, and expanded my methodological perspec-
tive on reproducibility.”

• “I was able to deepen my understanding of the theory, state of
the art, and challenges of reproducibility during the project... [It]
has enabled me to secure two job opportunities that I may not
have been eligible for without the experience.”

• “[The SoR was] a really notable experience, the funding helped
me focus on research without worrying about expenses. I was
also accepted into several Ph.D. programs this cycle. I am sure
the program helped bolster my application strength.”
While it is still early to measure broader impacts beyond the

mentors and mentees directly participating in the program, there
are signs of a compounding “network effect” which can have a
wider reach. One anecdotal example follows: a SoR 2023 mentor
workedwith amentee to develop open educational resources related
to reproducibility in machine learning (see Appendix A.3), and
then used these materials to teach a graduate class at their own
institution. For SoR 2024, mentor and mentee developed a project
together as co-mentors, and collaborated with two new student
mentees; the materials developed by this collaboration were then
used in other university courses, collectively reaching 350 students
in three separate courses at two universities on different continents.

5 Next steps
We have identified a number of lessons from the first two years that
help us better understand how to better promote reproducibility
and ensure that the SoR model remains scalable and sustainable:

Improving the management of student interest: SoR has benefited
from the GSoC connection, but mentors have struggled with fil-
tering prospective mentees, some of whom are more interested
in a conventional GSoC software engineering project and do not
necessarily have a strong interest in research. The SoR’s success
may now allow it to bring in interested students without direct link-
age with GSoC. Beginning in 2026, the SoR will pilot a stand-alone
effort that will not rely on the GSoC timeline and draw, but instead
tap the networks of ACM REP and other reproducibility and open
science focused organizations to attract students. This should allow
mentors to better manage initial interest, while providing them
with a strong and more focused pool of candidates.

Providing opportunities for students to highlight their work: High-
lighting mentee work is a critical way to show the value of the
SoR program to potential sponsors. While students blog about their
work on the parent organization’s website, the SoR administrators
aim to increase the reach of student work to a wider audience. For
example, the SoR could help with organizing poster sessions and
panels at academic conferences that highlights the work of SoR
and other students working in reproducibility. Moving forward, the
SoR team plans to provide training and support students presenting
their work in academic and professional settings. Students will
be encouraged to package their work as something that could be
included in or the basis of a paper or presentation, and then be
provided with opportunities to get feedback on their work as they
prepare to submit or present.

Supporting students interested in pursuing reproducibility career
pathways: Mentees have noted that participation in the SoR in-
spired them to consider academic and professional paths related to
reproducibility. While still small, the SoR mentee alumni co-hort is
growing and could develop into an active community of practice
around practical reproducibility. The open source nature of the
projects fosters longer-term collaboration. This community can be
leveraged to support program alumni as they undertake efforts that
help bring reproducibility into the mainstream of computer science
and other scientific fields.

Finding resources and funding to continue SoR efforts: The SoR is
currently funded from a three-year NSF grant. To be sustainable,
the project will need to diversified its sponsorship – including
government agencies, foundations and industry interested in open
science and workforce development. Efforts are currently underway
to undertake outreach to these new sponsors as the organizers move
in to year four of the program.

Moving forward, the SoR will aim to be not just a platform for
collecting repeatable artifacts and educational curricula and main-
streaming reproducibility best practices, but also an avenue for
workforce and scientific development that transforms the way stu-
dents do science. The SoRwill help promote the practice of regularly
examining the results produced by others in the new generation of
technologists, helping researchers think about reproducibility as a
primary concern from the inception of their work.
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A.1 Project: noWorkflow
Project description. The noWorkflow software project [23, 26] is

an open-source tool that systematically and transparently collects
provenance from Python scripts, with the goal of allowing scientists
to benefit from provenance data analysis even when they don’t
use a workflow system. As part of SoR 2023, mentors João Felipe
Pimentel (Northern Arizona University) and Juliana Freire (New
York University) proposed a project inviting contributions to this
reproducibility tool, and matched with mentee Jesse Lima (Sao
Paulo University).

Preliminary outcomes. Jesse’s goal was to better support prove-
nance capture with noWorkflow in typical data science andmachine
learning experiments. Over the course of the summer, Jesse identi-
fied several challenges in the use of noWorkflow for data science
and machine learning, notably:
• Typical pattern of non-linear execution in Jupyter Notebooks.
• Use of complex data types (e.g., matrices, tensors).
• Compatibility issues with newer Jupyter and IPython versions.

and he implemented several improvements in noWorkflow for
Jupyter notebook users. Jesse also created a use case/tutorial demon-
strating the use of noWorkflow when developing a machine learn-
ing model for credit card fraud detection. These contributions have
since been merged into the noWorkflow code base (PR 153).

A.2 Project: AutoAppendix
Project description. “AutoAppendix” was a SoR 2024 project pro-

posed by mentor Sascha Hunold (TU Wien) for artifact evaluation,
with the following project description:

The SC Conference Series, a leading forum on High
Performance Computing (HPC), supports scientific
rigor through an enhanced reproducibility of accepted
papers. To that end, all manuscripts submitted to the
SC Technical Papers program must contain an Ar-
tifact Description. Authors of accepted papers may
request reproducibility badges, for which an Appen-
dix describing the Artifact Evaluation is required.
In recent years, Chameleon has facilitated SC’s repro-
ducibility initiative by enabling authors to develop
and share computational, reproducible artifacts through
the Chameleon cloud. The Chameleon platform helps
authors and reviewers to easily share computational
artifacts, which are included in the papers’ artifact
appendices.
The proposed project aims to assess all AD/AE appen-
dices submitted for reproducibility badge requests.
This evaluation will focus on AD/AE appendices that
utilized the Chameleon cloud as the execution plat-
form, examining their potential for automation. Our
aim is to evaluate the feasibility of fully automating
various components of the appendices. Students will
engage directly with the chairs of the SC24 Repro-
ducibility Initiative in this effort.

The project was matched to mentee Klaus Kraßnitzer (TUWien).

Preliminary outcomes. During the summer, Klaus reviewed the
45 SC24 papers seeking the “Results Replicated” badge, and from

those, selected 18 that would be easily replicable on Chameleon
Cloud [4, 16]. For these 18 artifacts, the results of Klaus’s replication
are detailed in a technical report [18], along with suggestions for
authors and best practices identified as a result of the experience.
The project also developed several reproducible research artifacts
for the Trovi [5] artifact sharing portal.

A.3 Project: Using Reproducibility in Machine
Learning Education

Project description. “Using Reproducibility in Machine Learning
Education” was a SoR 2023 project proposed by mentor Fraida Fund
(New York University) to advance education related to reproducibil-
ity, with the following project description:

The computer science and engineering classroom is
as essential part of the reproducibility “ecosystem”
- because of broad reach and potential for big im-
pact, and because for many students, the classroom
is their first exposure to research in their field. For
machine learning in particular, reproducibility is an
important element of the research culture, and can
be a valuable part of any introductory or advanced
courses in the field. These projects will develop highly
interactive open educational resources, that may be
adopted by instructors of graduate or undergraduate
machine learning courses to incorporate more instruc-
tion about reproducibility and reproducible research.

After the proposal development period, the project was matched
to mentee Mohamed Saeed (Alexandria University, Egypt).

Preliminary outcomes. During the summer, Mohamed prepared
two interactive learningmodules for use inmachine learning courses:

Warm starting neural networks reproduces the result in [1],
which shows that a model that is trained on some data, then later
trained on more data (warm start), has worse performance than
a model that is trained from scratch on all of the data. This pa-
per was selected because students can understand it with only a
basic machine learning background (i.e. without knowledge of mod-
ern neural network architectures). The learning materials teach
students how to:
• Read a paper and identify claims and the supporting experimental
evidence.

• Use provided code to replicate experiments and validate claims.
• Consider the computational cost associated with reproducing
results.
Vision transformer is based on [17], which introduces the

vision transformer. This paper was selected because it was a recent
and transformative work in computer vision. The learningmaterials
teach students how to:
• Determine when data and/or pre-trained models are available,
and which claims can or cannot be validated as a result.

• Use pre-trained models to replicate experiments and validate
claims.
All of thematerials developed are publicly available in the Chameleon

Trovi artifact repository [15]. They have been adopted for class-
room use by the mentor, and Mohamed presented a poster [29] at
ACM REP the following year.


	Abstract
	1 Introduction
	2 Context
	3 Overview of program
	4 Preliminary outcomes
	5 Next steps
	Acknowledgments
	References
	A Summer of Reproducibility Projects
	A.1 Project: noWorkflow
	A.2 Project: AutoAppendix
	A.3 Project: Using Reproducibility in Machine Learning Education


