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Abstract

The organizational factors that govern a development team, such as
which parts of the code each developer works on or how code
changes are reviewed, are pivotal to the survival of large soft-
ware codebases. Balancing such organizational factors is an even
greater challenge for Free/Libre and Open Source Software (FLOSS)
projects, which must sustain hierarchies of maintainers while pre-
venting any of them from becoming overloaded with too much
responsibility or concentrating too much knowledge of the code-
base. This PhD project aims to identify the effects of different de-
velopment models on the evolution of knowledge concentration
in large, long-lived FLOSS projects. To that end, we envision three
phases for the project, each with its expected contribution: (A) A
new metric to quantify knowledge concentration considering com-
mit authorship and reviewing duties; (B) A tool to visualize the
evolution of knowledge concentration in software codebases; and
(C) A taxonomy of patterns of development models for mitigat-
ing knowledge-concentration-induced bottlenecks in collaborative
codebases.

CCS Concepts

- Software and its engineering — Software development meth-
ods; Collaboration in software development;  Human-centered
computing — Collaborative and social computing systems
and tools.
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1 Background

“PhD student, in year 2 out of expected 5, advised by Paulo Meirelles and Fabio Kon
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Decades of software engineering research and practice crystallize
the idea that the managerial and organizational aspects of a software
project play a vital role in its success (or failure) [3, 4]. We can refer
to the set of development practices and values that culminate from
a project’s organizational factors as its development model.!

One of the most crucial decisions in a project’s development
model is determining who should write the code and who should
review it. In the case of collaborative and Free/Libre and Open
Source Software (FLOSS) projects, this commonly manifests as a
subgroup of dedicated contributors, often referred to as maintain-
ers, who are responsible for ensuring the quality of the accepted
contributions. Such is the case for the Linux kernel, where only se-
lect maintainers are authorized to approve incoming contributions,
which they sign with the Signed-off-by tag [1, 15].

Failing to balance, on the one hand, the quality control of having
only a few experienced maintainers responsible for the review
process against, on the other hand, the dangers of having overloaded
maintainers is a recurring threat that commonly undermines a
codebase’s future [11]. Returning yet again to the Linux kernel as an
example, grey literature on the maintainers’ perspectives suggests
possible scalability issues as the number of contributors rises faster
than the number of maintainers [21, 22]. When considering whether
to accept a contribution, maintainers must weigh the burden of also
maintaining the newly introduced code in the future, avoiding a
contribution if they understand it might overload them with future
responsibilities [6].

In an effort to mitigate the risks of having maintainers overloaded
with too much responsibility due to their extensive knowledge of
the system, past authors have proposed metrics to quantify knowl-
edge concentration and studied the risks associated with developer
turnover in FLOSS [13, 18]. However, most knowledge concentra-
tion metrics consider only a developer’s code changes and do not
take into account their roles in reviewing code [2, 9].

Few studies explored adding code reviewing activities to com-
puting knowledge concentration metrics obtaining positive results
[11, 19]. Nonetheless, to the best of our knowledge, no past work
has proposed quantifying maintainer knowledge and overload with
a specific metric that fuses both the code changes FLOSS main-
tainers author and the other ‘auxiliary’ duties that take up most of
their time. Consequently, the state-of-the-art lags behind on how
knowledge concentrates in the majority of FLOSS projects, which
are highly collaborative and review-dependent by nature. In partic-
ular, it is still unclear how different development models contribute
to or avoid overloading maintainers with excessive responsibility.

This may include its maintainership model [17] or governance model [14].

©Arthur Pilone 2026. This is the author’s version of The Work. It is posted here for your personal use. Not for redistribution. The definitive version was published in the companion
proceedings of the 48th IEEE/ACM International Conference on Software Engineering (ICSE-Companion ’26), https://doi.org/10.1145/3774748.3787663.



https://orcid.org/0009-0004-3899-4087
https://doi.org/10.1145/3774748.3787663
https://doi.org/10.1145/3774748.3787663
https://doi.org/10.1145/3774748.3787663
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1145/3774748.3787663

ICSE-Companion 26, April 12-18, 2026, Rio de Janeiro, Brazil

2 Objectives and Research Questions

We define three research questions (RQs) to trace out the main
objectives of this PhD project. Following the research gap identified
in Section 1 and as a culmination of our own interest in understand-
ing how development models contribute to or mitigate knowledge
concentration, we pose our most fundamental research question:
(RQ;) What are the impacts of different development models
on the evolution of knowledge concentration?

Given the complex nature of assessing the evolution of knowl-
edge concentration, we set forth a second goal that will inform our
methodology for answering RQ,. Exploring the potential of soft-
ware visualization for program maintenance and comprehension,
we ask: (RQ) What insights can a carefully crafted visualiza-
tion elicit on the evolution of knowledge concentration on a
long-lived software project?

Since a visualization-powered analysis depends on high-quality
data to be analyzed in the first place, our final research question
will guide us in designing a new metric that will be the focus of
our visualization. Corresponding to another research gap noted
in Section 1, we will explore how a knowledge metric composed
of an author’s commit and review activities compares to exist-
ing knowledge and authorship concentration metrics. We there-
fore ask: (RQ.) Does accounting for review activity improve
the accuracy of knowledge concentration metrics for large
FLOSS projects?

3 Methodology

This study employs a mixed-methods approach [7], varying across
different research phases. We began with an initial exploratory
phase to gain a deep understanding of the FLOSS ecosystem. We
contributed to the Linux kernel and collected data from other con-
tributions made by our research group. The insights from this foun-
dational exploratory work informed the design of the presented
research questions and guided us to our current experimental re-
sults.

Moving forward, and reflecting on the threefold nature of our
research objectives (and, consequently, our RQs), we organize this
PhD project into three different work packages (WPs). We will move
to develop and validate a tailored knowledge concentration metric
by combining case studies with semi-structured interviews [7]. Fol-
lowing this, our research will focus on developing and validating a
visualization tool to analyze the evolution of this metric. Finally,
we will utilize this validated approach to conduct large-scale com-
parative studies to investigate how different development models
impact the dynamics of knowledge concentration.

We will first tackle RQ, with WP, — an initial round of case
studies with FLOSS projects and semi-structured interviews with
their maintainers will guide the design of a new knowledge con-
centration metric. Interactions with practicing maintainers will
be essential for tuning the parameters of the new metric, and the
open-ended questions could capture additional insights into how
they perceive the burden of reviewing compared to authoring code.
We shall conduct an evaluation comparing our new metric with
related knowledge concentration metrics and previous studies, such
as those of Ferreira et al. [8] and Hajari et al. [11].
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WP}, will center around RQj, and our visualization framework.
Our new visual metaphor will balance the strengths of different
consolidated visual metaphors, such as the broad system overview
easily parsed from the Code City metaphor [16, 23], or the color-
coded approach to portraying code authorship from the Ownership
Map metaphor [10, 12]. Usability tests [5, 20] with another set of
FLOSS maintainers will validate the implementation of the new
visualization framework and test whether it is capable of supporting
analyses on the dynamics of knowledge concentration.

Exploring the results from both WP, and WP, WP, will base our
investigation on RQ,. First, a warm-up study with three different
subsystems from the Linux kernel adopting different development
models [17] will validate whether our approach can be used to
identify differences in the evolution of knowledge when comparing
different codebases. Then, a final round of case studies with other
FLOSS projects (i.e., Git, Open SSL, GCC, Chromium) supported by
our visualization framework will serve as the basis for comparisons
between development models and, ultimately, guide us in identify-
ing their impacts on the evolution of knowledge concentration.

4 Current Work

As an initial exploratory cycle on the nature of the Linux develop-
ment model, we have examined whether quantitative data support
the claims of unsustainability in the Linux development model
mentioned in Section 1. In the first cycle, we engaged in the Linux
development model, contributing to the linux-iio (Industrial In-
put/Output) subsystem.? This experience was essential for under-
standing aspects of the Linux contribution model that outsiders
rarely note. From the idealization of the contribution and the setup
of the development environment, to the conventions expected from
commit messages and the process of sending contributions by email,
this participant observation experiment made us aware of what it
takes to contribute to a large, long-lived FLOSS project.

After contributing to Linux, we developed a visual framework
for assessing various metrics in the project’s code review process.
This framework culminates on DUKS, the Dashboard for Unified
Kernel Statistics [15]. It serves both as an ongoing work on software
visualization and as part of the main objectives of this research
project, offering an approach to compare how contributors’ and
reviewers’ activities change on Linux subsystems with different
development models.

As a follow-up to our experience with the DUKS analytical dash-
board, our focus has shifted to mining new development metrics
from mailing lists, in an approach tailored specifically to the Linux
development model. Leveraging both the insights gained from con-
tributing to the kernel and our interest in using quantitative data
to assess the health of the Linux subsystems development mod-
els, we composed an extensive dataset of over 20 million emails
collected from the Linux mailing lists. The data collected includes
vital information on how frequently auxiliary contributors perform
code reviews, as identified by the Reviewed-by and Acked-by tags
[1, 15], and will serve as a basis for our first attempts at defining
our compound knowledge concentration metric.3

Zhttps://lore kernel.org/linux-1i0/20250421145534.91146- 1-arthurpilone@usp.br/t/#u
3A preview of the dataset is available at: https://tinyurl.com/zenodo-Ikml5ws
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5 Expected Contributions

We expect to identify the practices and values adopted by diverse
communities that influence how knowledge concentration evolves
on their codebases. The answer to RQ, could be used to support
guidelines on the patterns for controlling knowledge concentration
on long-lived collaborative codebases.

Following the reasoning behind RQj,, we will develop a new tool
that explores a visual metaphor to convey changes in knowledge
concentration. The new metaphor will also be effective at conveying
how the knowledge concentration varies with time, reflecting not
only the increase or decrease in concentration, but also the speed
at which these changes occur.

Finally, as part of our investigation on RQ., we will design, im-
plement, and evaluate a new metric tailored for quantifying knowl-
edge concentration. After answering RQ,., we will have empirically
validated this metric as adequate for quantifying knowledge con-
centration in FLOSS projects.

The contributions related to RQ, and RQ,, are to be validated in
this research project itself. The proposed knowledge concentration
metric will be evaluated in WP, and the new visualization will be
evaluated in WP;,. Moreover, ensuring the reproducibility of our
studies in accordance with open science principles will enable in-
terested researchers to easily validate and replicate our evaluations
for RQ. and RQy,. This is facilitated by the fact that the object of
our study is FLOSS, meaning the data is readily available. We will
also release our datasets openly, the developed software as FLOSS,
and provide replication packages.

As a consequence of its exploratory and analytical nature, other
works will be able to validate the contributions resulting from
RQa by examining our replication packages or by reproducing and
expanding our analysis to assess new or previously unexplored
FLOSS projects with different development models.
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