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Abstract

Resilience in Free/Libre/Open Source Software:
Do founder decisions impact development activity

after crisis events?
Wm Salt Hale

Chair of the Supervisory Committee:
Benjamin Mako Hill

Department of Communication

Free/Libre/Open Source Software (FLOSS) is perhaps the most studied of the information-based com-
munal public goods. In this piece, I conceptualize development resilience and founder decisions as two
important characteristics of FLOSS. By asking whether the impact of the latter can be measured through
the former, I outline three hypotheses concerning software licensing, crisis events, and the interaction be-
tween the two. I then conduct a time series analysis of a novel dataset containing longitudinal measures of
software packages from the Debian Project. I determine that while the development activity of all projects
declines over time, this decline is slower for protectively licensed projects than permissively licensed ones.
I also find that the development activity of FLOSS projects increases after encountering a Debian Secu-
rity Advisory. Combining these predictors, I find that permissively licensed projects demonstrate more

development resilience than protectively licensed ones.
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INTRODUCTION

There is a thriving ecosystem of free/libre/open source software (FLOSS) projects available today (Lenar-
duzzi etal., 2020; Lietal., 2021; Sinchez et al., 2020). Rather than keep their source code secret or propri-
etary, a large number of developers have decided to use software licenses which include terms that legally
place the output of their development activity, or code, into the commons (Lessig, 2006; von Krogh,
2003). Some developers use protective FLOSS licenses which require all derivative work to remain in the
public domain, whereas others make use of permissive variants that only apply to the original source
(Bonaccorsi & Rossi Lamastra, 2003; Gamalielsson & Lundell, 2017; Kapitsaki et al., 20155 Lerner & Ti-

role, 2005).

Most FLOSS projects are started by a very small number of individuals, often just one (Fitzgerald,
2006; Krishnamurthy, 2005). Of the various choices made early on, some are constitutional decisions,
“[the] authoritative rules by which individuals will make future decisions” (Ostrom, 1968). When one of
these decisions relates to an ideology, and is made with minimal input, the project may carry an individ-
ual’s ideological bias. I call these choices founder decisions and use an affordance framework (Treem &

Leonardi, 2013) to conceptualize them.

In terms of FLOSS licensing, if a project licensed under one of the protective terms were to transition
to a more permissive model, all past developers would have to be contacted, and their permission granted
before the change could be made (Jensen & Scacchi, 2011). Additionally, there has historically been an
expressive divide between the body which approves new open source licenses and the progenitor of the free
software movement, largely based on whether code, once in the commons, should carry this protective
term (Stallman, 2009). Thus, I argue that when starting a FLOSS project, the selection of a software

license is a founder decision.

These founder decisions send a signal which is received by developers, who then make up the commu-
nity which builds the FLOSS. Prior research has explored how the license a FLOSS project uses impacts
its development activity. Colazo and Fang (2009) and Stewart et al. (2006) found evidence that protec-
tive licenses were more effective. While Fershtman and Gandal (2007) and Subramaniam et al. (2009)

found that it was the permissively licensed projects which were more active.



Since FLOSS would not exist without the work of programmers, and as c7isis events, “are unusual
occurrences that cannot be predicted but are expected” (Coombs & Holladay, 2010), identifying the
resilience, “[the] willingness to remain in spite of variability and change” (Butler et al., 2014), of these
communities is important. However, only Raja and Tretter (2012) appears to have studied resilience in

the context of FLOSS, and their focus was not directed solely on development.

My work attempts to bridge these conversations; measuring the impact of different types of FLOSS
licensing on development activity, furthering the understanding of how crisis events affect software de-
velopment, and using founder decisions to predict development resilience. Additionally, I contribute
to the existing literature by conducting an empirical study, utilizing a larger and more up-to-date pool
of projects, to help answer the questions of a FLOSS characteristic which has previously shown mixed-
findings. I also expand upon the theory of constitutional decisions, describing a new term, founder de-
cisions, and further our understanding of the under-explored theory of development resilience. Lastly, I

make the practical contribution of a novel dataset, along with the code used to generate it.

To accomplish these goals, I performed a large scale statistical analysis of longitudinal digital trace data
from 23,208 software projects within the Debian GNU/Linux distribution. As I hypothesize, I find that
while protectively licensed packages initially lead to Jower development activity, they demonstrate a higher
rate of increase in development activity, when compared to projects using permissive licenses. Addition-
ally, I find that when projects encounter a crisis event, their rate of development activity increases. Finally,
I find that packages which have protective licenses demonstrate lower development resilience compared to

projects that are permissively licensed.

I begin with an overview of the research which has occurred within this space, articulating three hy-
potheses about the relationship between FLOSS licensing, crisis events, and development activity. 1 then
describe the empirical setting, data and measures, and analytic strategy that I utilize. Finally, I present the
results of my statistical modeling, followed with a discussion which includes implications, limitations,

and future research directions.



BACKGROUND

As computers have become more central to civilization, the software that makes them useful has evolved
from individual research projects to a thriving ecosystem of developers (Deshpande & Riehle, 2008;
Ghosh, 200s; Stallman, 2002). Software does not appear out of thin air, rather, programmers encode
logical routines in code that computers run, returning with the (hopefully) desired outcome. While some
developers and companies keep their source code secret or proprietary, a large number utilize FLOSS li-
censes, enabling others to assist in the development activity (Bessen, 200s; Bonaccorsi & Rossi Lamastra,
2003; Sen et al., 2011; von Krogh, 2003).

These licenses outline, “the legal agreement of how the project is developed and distributed” (Viseur
& Robles, 2015), and all contributed code is generally subject to their terms. What makes these licenses
different is that once software has been released under a FLOSS license, “[it] sits in the commons. Any-
one can take it and use it as she wishes. Anyone can take it and come to understand how it works. [...]
Everything is public; anyone, without having to seek the permission of anyone else, may join the project”
(Lessig, 2006).

In other words, developers who decide to contribute to FLOSS licensed projects are explicitly giving
up the claim to their intellectual property which has been codified as knowledge good. Instead, their
work is being released to the public domain, enabling the creation of future peer-produced knowledge

commons.

Public Goods, Peer Production, and FLOSS Scholarship

In economics, the term “public good” describes something which is both non-excludable (in the public
domain or commons) and non-rivalrous (the use by one does not diminish another’s usage) (Romer,
1990). Fulk et al. explored how such goods operate within interactive communication systems, outlining
explicit information and communicative public goods. These differ from material public goods in that
their very nature precludes excludability and rivalrousness. Additionally, two classes of such goods were
teased out, based on the features of connectivity (direct communication links to other members) and

communality (being jointly held and sustained by all members) (Fulk et al., 1996).



Benkler (2006) achieved further distinction by following a line of inquiry concerning the creation of
these information-based communal public goods. Commons-based peer production (CBPP) is, “a form
of open creation and sharing performed by groups online that: set and execute goals in a decentralized
manner; harness a diverse range of participant motivations, particularly non-monetary motivations; and
separate governance and management relations from exclusive forms of property and relational contracts
(i.e., projects are governed as open commons or common property regimes and organizational governance
utilizes combinations of participatory, meritocratic and charismatic, rather than proprietary or contrac-
tual, models)” (Benkler et al., 2015). And, “the best-known examples of commons-based peer production
are the tens of thousands of successful free software projects that have come to occupy the software de-
velopment market” (Benkler & Nissenbaum, 2006).

Many interdisciplinary scholars have studied FLOSS development. They have focused on motivation
(Hars & Ou, 2002; Hertel et al., 2003; Lakhani & Wolf, 2005; Lerner & Tirole, 2002; Stewart & Gosain,
2006), organization (de Laat, 2007; Kogut & Metiu, 2001; O’Mahony & Ferraro, 2007; von Hippel &
von Krogh, 2003), production (Crowston et al., 2003; Deshpande & Riehle, 2008; von Krogh, 2003),
along with numerous other interconnected topics (Androutsellis-Theotokis et al., 2011; Crowston et al.,
2008).

One of the most heavily studied phenomena within this field is the impact of the licenses them-
selves. German and Hassan (2009) addressed “license mismatches” due to incompatible legal require-
ments. Whereas German et al. (2010) developed a method to automatically identify FLOSS licenses in
source code. Jensen and Scacchi (2011) delved into the process of a project changing its license. Viseur
and Robles (2015) examined the motivations and impacts of changing a project’s license. And Kapitsaki
etal. (2015) performed a comparative analysis of license usage and characteristics across FLOSS. Recently,
Gamalielsson and Lundell (2017) explored the relationship between which FLOSS license was used and

whether additional conditions were placed upon contributions.
FLOSS License Families

The academy’s interest in licensing is largely driven by differences in the legal term which specifies whether

code that builds upon, or derives from, the original piece of FLOSS must carry the same software licensing



terms (Bonaccorsi & Rossi Lamastra, 2003; Gamalielsson & Lundell, 2o017; Kapitsaki et al., 20155 Lerner
& Tirole, 200s; Sen et al,, 2008). One side argues that these terms are protective, ensuring that all related
work remains in, thus expanding, the commons. On the other hand, some argue that if the point is to
make the code public, it should be free of any and all restrictions, including what licenses must be applied

to future derivatives.

The Institute for Legal Questions on Free and Open Source Software (ifrOSS) has categorized 208 of
these licenses into one of five /icense families.” The main selection criteria used is the distinction regarding
whether or not the license carries a protective term, the legal guarantee that code based on the original
FLOSS must also be protectively licensed. Within this divide, ifrOSS provides nuance between strict
and limited versions of the term and its counterpart. They also define a fifth category of licenses, “with
particular privileges”, which are often used in the event that a company is transitioning their proprietary

software to FLOSS.

Given that the original ifrOSS category names are translated from German, I will be using my own
naming schema for clarity. Thus, the five FLOSS license families are: protective, limited-protective,
limited-permissive, permissive, or post-commercial. The description of these license families, along with
examples of specific licenses, terms, and projects, can be found in Table 1 on page 15.

This list is valuable, not only because it elucidates an otherwise subtle difference between FLOSS
licenses, but also because it is generated by an organization other than the Free Software Foundation
(FSF) or Open Source Initiative (OSI). These two organizations are the primary sources that outline what
software license terms qualify as supporting “free software” or “open source”, and each maintains an up-

to-date list of FLOSS licenses that they approve of.***

Historically, there has been a significant divide between these two bodies; the FSF being the free sof-

"This count is as of 2020-10-o1 and does not include 9o licenses which have been found in the FLOSS ecosystem, but use
terms which do not align with either the Free Software Definition or Open Source Definition. An archived version of the
ifrOSS page can be viewed using the Internet Archive Wayback Machine: https://web.archive.org/web/20201001144451/
https://ifross.org/en/license-center

2See the definitions linked in footnote 1.
FSF commentary on various software licenses: https://www.gnu.org/licenses/license-list.html

#List of software licenses that have been approved by the OSI: https://opensource.org/licenses/


https://www.gnu.org/philosophy/free-sw.html.en
https://opensource.org/osd
https://web.archive.org/web/20201001144451/https://ifross.org/en/license-center
https://web.archive.org/web/20201001144451/https://ifross.org/en/license-center
https://www.gnu.org/licenses/license-list.html
https://opensource.org/licenses/

ware movement progenitor, disapproving of the pragmatic nature of the OSI (Stallman, 2009). Or, as
Meretz (2007) puts it, “OSI [and] GNU - brothers and sisters at daggers drawn.” I consider this conflict

largely being based on whether code, once freed, should carry the protective term.
Founder Decisions in FLOSS

Another large body of scholarly work looks at founders, the people who start communities, organizations,
and projects on the Internet (Foote & Contractor, 2018; Kraut & Fiore, 2014; Kraut et al., 2012; Schweik
& English, 2012). Of the many choices which need to be made before developing software, some can be
considered constitutional decisions, “[the] authoritative rules by which individuals will make future de-
cisions” (Ostrom, 1968). Ostrom explains that these choices are differentiated by two specific properties.
First, they have the potential to impact every part of the project or organization. Second, once made, they
are extremely difficult to change (1968).

Most FLOSS projects are started by a very small number of individuals, often just one (Krishna-
murthy, 200s). This implies that minimal voices are involved when constitutional decisions are being
made (Fitzgerald, 2006; Fogel, 200s; Gasparini et al., 2020). Thus, these founders wield great power
over the project’s future, and that power is clearly enacted when a choice ends up being a constitutional
decision.

When a constitutional decision is codified into a shareable artifact, the properties of broadness of
impact and resistance to change are crystallized, and may be thought of as affordances. Despite the “sig-
nificant inconsistencies in use of the term” (Evans et al., 2016), affordances were first conceptualized as,
“what things furnish, for good or ill” (Gibson, 1966, p. 285). Of the numerous ways this has been taken,
Treem and Leonardi point out that, “the most nuanced writings on the relationship between technol-
ogy and organizational change emphasize the relational character of affordances.” And that, “materiality
exists independent of people, but affordances do not” (2013).

Finally, certain choices are more closely tied to one’s ideology. Because of the aforementioned af-
fordances of constitutional decisions, when a selection of this nature is made, all subsequent work may
carry an ideological bias. I call this category of choices founder decisions and suggest that they have a third

affordance, the ability to carry a founder’s imprint.



Returning to the discussion of FLOSS licensing, if a project licensed under one of the protective terms
were to transition to a more permissive model, all past developers would have to be contacted, and their
permission granted before the change could be made (Jensen & Scacchi, 2011). Additionally, it is the very
nature of software licensing to impact the entire codebase and, in the case of protective licenses, beyond
(Viseur & Robles, 2015). Thus, when starting a FLOSS project, the selection of a software license should
be considered a founder decision.

While a FLOSS project may initially only have one developer, key benefits of using these licenses, such
as lessening the burden on any individual programmer, are only realized by attracting others (Ghosh,
1998; Raymond, 1999; Weber, 2004). Founder decisions, such as license choice, send a signal which is
then received by certain types of developers, likely ones that have some alignment with the ideological
imprint being transferred. These developers make up the project’s community, providing their time and

energy to the creation of the FLOSS.
Development Activity and FLOSS Licensing

Aside from the research into FLOSS licenses discussed prior, a major question has been what effect li-
censing has on development activity. Stewart et al. conducted an analysis of 138 projects sampled from
Freshmeat, an information hub for FLOSS projects. However, they were unable to find statistical support
that, “restrictive [i.e. protective] licensing elicits greater development activity” (Stewart et al., 2006).

Fershtman and Gandal collected a sample of the 71 most active projects of January 2000 on Source-
Forge, at the time, the largest web hosting platform for FLOSS. They found, “that output per contributor
in open source projects is much higher when licenses are less restrictive and more commercially oriented”
(Fershtman & Gandal, 2007).

Colazo and Fang returned to the question, also using SourceForge to collect a sample of 62 projects
with at least 2 years of coding activity. They found statistically significant support for “a higher level
of coding activity” and “project speed” in copyleft (i.e. protectively) licensed FLOSS projects (Colazo &
Fang, 2009).

Subramaniam et al. again returned to SourceForge, compiling a dataset of 8,627 projects that had both

complete information, and been registered between January 1999 and December 200s. They found, “that



restrictive licenses (Strong-Copyleft and Weak-Copyleft licenses) negatively impact the activity levels [...]
only if the target audiences are software developers” (Subramaniam et al., 2009).

My work contributes to this conversation in a number of ways. First, by compiling, and making use
of, alarge dataset containing projects from a platform which does not exist solely to host FLOSS, I hope to
target software thatis actively in use, avoiding projects which are nascent or merely hobbies. Furthermore,
rather than using sampling methods or fixed time-range panel data, I am able to look at the entire lifespan
of FLOSS projects as found on the platform. Additionally, I utilize a more impartial body to categorize
licenses, rather than relying upon the oftentimes misaligned originators of these classifications. Finally,
I apply linear mixed-effect regression models, controlling for unseen heterogeneity, while focusing on a
specific measure of development activity, as outlined by Colazo and Fang (2009).

As the protective term exists to ensure development that goes into FLOSS will remain a public good in
subsequent projects (Lessig, 2006), protectively licensed projects may be more attractive to programmers
associated with the free software movement. These developers are likely more ideologically driven than
those who merely want to ensure that their direct development work is placed in the commons (Stewart
& Gosain, 2006). This commitment to a cause may be demonstrated through action. Thus, FLOSS
developers may spend more time developing projects that have a protective license family license, leading
to increased development activity. Therefore, I hypothesize: (Hx) FLOSS projects with protective licenses

will have more development activity, compared to those with permissive licenses.
Crisis Events and FLOSS Resilience

Returning to FLOSS research more broadly, an area which has somehow avoided almost all attention is
resilience, “the ability to recover from a disturbance” (Raja & Tretter, 2012). Counter to the free software
movement’s utopian ideals which envision a “post-scarcity world” (Stallman, 1984), where “people could
take the freedom to cooperate as they please” (Merten, 2004), and everything just works since “given
enough eyeballs, all bugs are shallow” (Raymond, 1999), occasionally problems do occur. Sometimes
these are small scale bugs, perhaps causing an annoyance. Other times these issues can lead to a full-blown
crisis event.

The Handbook of Crisis Communication defines a crisis as, “the perception of an unpredictable



event that threatens important expectancies of stakeholders and can seriously impact an organization’s
performance and generate negative outcomes” (Coombs & Holladay, 2010). While Coombs unpacks this
further than I will here, there are two key points I want to highlight. First, based on the understanding
that, “meaning is socially constructed,” external perception is required. Second, an important distinction
between a crisis and annoyance comes down to whether there is a “threat” of “negative” “impact” greater
than the “expectancies”.

Examples of crises that are occasionally seen in the FLOSS ecosystem include maintainer transitions,
forking events, and security announcements. In terms of transitions, when a core project contributor
passes on the reins, the community may question whether the newcomer will be as effective. Forking on
the other hand occurs when a vocal portion of the community decides to split off, starting a competing
version of the FLOSS project, based on the original code. Finally, noteworthy security vulnerabilities may
forewarn an unsteady foundation or other unseen risk factor.

All of these examples provide an opening for the community to question whether they are focusing
their energy in the correct place. While core contributors may continue chugging along, peripheral devel-
opers are likely less committed. For instances, forking events force programmers to decide which project
to contribute their future work toward. A newcomer may see both and have to decide between the one
with a longer history or the other with more recent activity.

Thus, I theorize that after a crisis event occurs, some projects may fall apart, while other communities
may rally. I call projects and communities that bounce back resilient due to their, “willingness to remain
in spite of variability and change” (Butler et al., 2014). In the software development space, crisis events
are almost exclusively studied in terms of what went wrong (Durumeric et al., 2014; Walden, 2020; Yilek
etal., 2009). Only Raja and Tretter (2012) appear to have studied resilience in FLOSS. Even that was only
one component of a three part “viability index,” and not directly focused on development resilience. This
is an important area to explore as crisis events, “are unusual occurrences that cannot be predicted but are
expected” (Coombs & Holladay, 2010).

Because FLOSS projects are built by individuals with varied motivations (Lakhani & Wolf, 200s;
Lerner & Tirole, 2002), the more developers who take notice, the more likely development will occur

(Yunwen Ye & Kishida, 2003; Zimmermann & Casanueva Artis, 2019). Given that crisis events, by defi-
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nition, lead to increased attention, this may lead to an increased pool of potential developers, leading to
an increase in development activity. Walden (2020) pointed out that this process occurred after the 2014
OpenSSL vulnerability, Heartbleed. As a result, I hypothesize: (H2) A crisis event will increase the rate
of development activity in FLOSS projects.

Presuming Hr and H2 are shown: protectively licensed projects’ development activity being measur-
ably different from those in the permissive family; and FLOSS projects’ development activity demon-
strating resilience after crisis events. Then, because of the imprint carried by the founder decision, a
difference in the level of development resilience between FLOSS projects of differing license families may
be visible. Following this logic, and given the ideological foundation of protective licenses, I hypothe-
size: (H3) FLOSS projects with protective licenses will demonstrate increased development resilience after
a crisis event, compared to those with permissive licenses.

The conceptual model in Figure 1 on the following page demonstrates how founder decisions impact
both development activity and the relationship between development activity and a crisis event. It also
demonstrates the effect of project age on development activity. Next, I outline the empirical setting, data,

and measures.

METHOD

Setting

I test my hypotheses using a dataset drawn from the Debian Project.’ Debian, launched in August 1993, is
a GNU/Linux distribution which only accepts software released under FLOSS licenses (Project, 2004).
They track nearly 70,000 projects, some with changelogs spanning over 25 years (Zacchiroli, 2015). What’s
more, they have been announcing software security vulnerabilities over the same period of time. Due to
the strong FLOSS ethos that Debian ascribes to (Coleman, 200s; Coleman & Hill, 2004), all of this
information is made publicly available (Nussbaum & Zacchiroli, 2010).

Given the historic impact, quantity, and lack of fees associated with this data, many scholars have

studied Debian. As might be expected, plenty of research has focused on the developers (Krafft et al.,

Shttps://debian.org/


https://debian.org/

II

founder decision crisis event

development Ly development
activity (t-1) activity (t)

package age

Figure : The conceptual model grounding Hi to H3 on pages 8—10. It demonstrates the interactions
between development activity, project age, founder decisions, and crisis events. Package age and founder
decisions both have a direct effect on all development activity. Crisis events impact development activ-
ity after they occur. Founder decisions modity the relationship between crisis events and development

activity.

2016; Michlmayr & Senyard, 2006) and their code (Champion & Hill, 20215 Chen & Wagner, 2007;
Claes et al., 2015; Galindo Duarte et al., 2010; Nguyen & Holt, 2012), as well as the security vulnerabilities
(Yilek et al., 2009), community (Mateos-Garcia & Steinmueller, 2008; Robles et al., 2005; Sadowski et
al., 2008), and even meta questions regarding conducting research on Debian (Herraiz et al., 2011; Spaeth
etal., 2007).

The Debian Project release cycle is such that there are always three actively maintained distributions,
“stable”, “testing”, and “unstable”.® Each of these releases makes use of a codename, as one distribution
will move through all three stages.” A specific distribution links to a similarly named repository of soft-
ware packages. The version of a package in one Debian distribution may vary from another, and while

there is advice on selecting between them, the general recommendation is to, “stick with the stable distri-

6https:/ /www.debian.org/releases/

7https://www.debian.org/doc/manuals/debian-faq/ftparchives.en.html#codenames


https://www.debian.org/releases/
https://www.debian.org/doc/manuals/debian-faq/ftparchives.en.html#codenames

12

bution”.?

In terms of the software projects themselves, the Debian repositories contain both compiled binaries
and raw source code. Source packages® contain all of the necessary files to compile a project. Whereas
binaries may contain code from a number of different projects that have already been pre-compiled to-
gether. AsTam interested in the development process of individual projects, I focus on the source packages.

To compare within distribution differences, I select the package version available in the stable repository.

Data

To construct my dataset, I wrote a script with the Scrapy web crawler® which downloaded the full list
of source packages available in the Debian 10 (“Buster”) repository on October 1, 2020. Every package
hosted on Debian has a public webpage which provides a description and links to a number of relevant
resources, including metadata files containing the project changelog and copyright information.”

The changelog file provides a detailed update of every version of the software which was added to
the Debian repository. Each entry provides the package name, version number, target Debian release,
urgency, a brief description of changes since the previous version, the name and email of the maintainer
who uploaded this version, and a timestamp of when the change was added to Debian.

The copyright file provides details about the software license terms which apply to various parts of the
package. While there has been a proposed specification for machine-readability of this file, application
of this policy is optional and the copyright files are extremely inconsistent. Much of the metadata the
copyright-format specification expects is also optional, but the required entries include: what source files

are covered by which license, and under who’s copyright authority.

A separate set of project related metadata that is hosted by the Debian Project includes a series of

8https://www.debian.org/doc/manuals/debian-faq/choosing.en.html
®https://wiki.debian.org/Packaging/SourcePackage
*https://scrapy.org/

"https://packages.debian.org/

*As of 2020-11-17, this has been accepted as a standard and can be found at https://www.debian.org/doc/
packaging-manuals/copyright-format/1.0/


https://www.debian.org/doc/manuals/debian-faq/choosing.en.html
https://wiki.debian.org/Packaging/SourcePackage
https://scrapy.org/
https://packages.debian.org/
https://www.debian.org/doc/packaging-manuals/copyright-format/1.0/
https://www.debian.org/doc/packaging-manuals/copyright-format/1.0/
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public vulnerability notices, or Debian Security Advisories (DSAs).” These are condensed subsets of
information from the Debian Security Tracker," where common vulnerability and exposure (CVE) in-
formation is gathered about all packages, whether or not the Debian version is implicated. Each DSA
contains a unique identifier, date reported, affected package name, and additional details regarding the
security concern. I was able to download the full list of DSAs, dating back to pre-1997, with my Scrapy

script.

Making use of the output from dpkg-parsechangelog,” I was able to gather information from the raw
changelog files into a formatted dataset. During this process, all timestamps were converted to the POSIX
date standard.® This ended up being non-trivial given that, while Debian policies specify a standard
format which should be followed,” changelog dates were occasionally recorded in a free form way, or

lacked some sort of precision such as timezone. This was also the case for dates associated with DSAs.

Project copyright files were also quite difficult to work with given a general lack of standardization or
stylistic patterns. However, I was able to identify and extract license names using a custom Python script
based on an aged dpkg-licenses tool.” I began by parsing all files that were machine readable. If this was
not the case, I used a series of regular expressions in an attempt to match the applicable license or licenses
with a known pattern. During this process, all licenses underwent a text normalization process for future

comparison.

Utilizing the ifrOSS categorization schema, a hand-generated lookup table of license families, the
extracted copyright file data, and Pandas (The pandas development team, 2021; Wes McKinney, 2010),
I was able to identify the license family of 23,211 projects. See Table 1 on page 15 for an example of the
licenses and terms which each family includes. Projects that had multiple licenses were checked, and if

all licenses shared a family, this was captured. I also used Pandas to identify whether a project had ever

Bhttps://www.debian.org/security/#DSAS

“*hrtps://security-tracker.debian.org/tracker

Shttps://wiki.debian.org/Teams/Dpkg
"®https://pubs.opengroup.org/onlinepubs/9699919799/ utilities/date.html
7https://www.debian.org/doc/debian-policy/ch-source. html#debian-changelog-debian-changelog
Bhttps://github.com/daald/dpkg-licenses


https://www.debian.org/security/#DSAS
https://security-tracker.debian.org/tracker
https://wiki.debian.org/Teams/Dpkg
https://pubs.opengroup.org/onlinepubs/9699919799/utilities/date.html
https://www.debian.org/doc/debian-policy/ch-source.html#debian-changelog-debian-changelog
https://github.com/daald/dpkg-licenses
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encountered a DSA, and if it had, how many DSAs were seen prior to an individual changelog entry.

Before transitioning from Python to R (Team, 2021),” I combined the changelogs, license families,
and DSAs into a single dataset using Pandas. This generated my unit of analysis: a single row for each
project changelog entry. The combined dataset was saved as a comma-separated values (CSV) file for
import by R.

By combining various tools from the tidyverse R library (Wickham et al., 2019), a number of new
variables were created and the dataset further refined. change_delta_days was generated by taking the
difference between an entry’s change _date and the previous one, within the same project as specified by
package_name. During this process, 3,429 changes in 1,494 projects which appeared before the previous
one’s timestamp were removed as they violated our understanding of time as continuous.

Another new variable, seen_dsa, identifies whether or not a DSA had been issued for the package
before any given changelog entry, as specified by change _date and change_number. During this pro-
cess, 17 projects which had been the subject of a DSA prior to one of their changelog entries were removed
as the impact of the announcement could not be compared to a state before the DSA was released.

The license families as extracted contained a number of inconsistencies that were addressed. 3,660
projects which belonged to multiple incompatible* license families and projects which had been coded
as unknown due to not having parsable license files, had their license family marked as ozher. An addi-
tional 1,639 projects which had licenses that were parsed but uncategorizable, due to being proprietary or
inconsistent with the ifrOSS schema, also had their license family marked as ozber. Finally, a new variable,
license_family_combined, was created to cluster licenses which belonged to either the primary or
limited variant of a license family and 3 projects that had post-commercial licenses were combined with

the projects that were marked other.

While Pandas allows for statistical modeling, R is much more suited for the modeling process. Additionally, conducting
vector operations on matrices is something that is frequently done within R and the tools for further processing were much
faster.

*In the sense that they could not be placed within a single category, not that they were legally incompatible. See German
and Hassan (2009) for discussion about FLOSS licensing mismatches.



Table 1: “Open Source Licenses” as categorized by the Institut fiir Rechtsfragen der Freien und Open Source Software (ifrOSS). I have

utilized my own more consistent naming schema while including the original English translation in parentheses under each description.

Full listing available at the ifrOSS License Center, https://ifross.org/en/license-center

License Family

example licenses

example provisions

example packages

(ifrOSS description)
Permissive BSD, Apache, MIT, Users may change the license; Package may be GraphViz, ImageMagick,
(without copyleft) Python, Sendmail enhanced and the enhanced version commercialized ~ iSpell, X-ScreenSaver, ZShell

Limited-Permissive
(restricted choice)
Limited-Protective

(restricted copyleft)

Protective
(strong copyleft)

Post-Commercial

(privileges)

Artistic, LaTeX, Microsoft
Public License

LGPL, CDDL, Modzilla,
NASA, BitTorrent

GPL, European Union,
IBM Public

Apple Public Source,
Netscape, RealNetworks

Distribution may be restricted; Redistribution rights
may vary depending on type of modifications

A different license may be used for changes placed a
separate file; Often used when combining projects
with multiple licenses

Users may not change the license; All additions must
be distributed under a similar license as the original
Alterations may be subject to special privileges of the
original author; Often used to turn proprietary

software open source

ack, LaleX, mailagent, npm,
Perl

Firefox, LibreOffice, Pulse
Audio

GNU/Linux, memcached,
Ruby, SSL

hevea, spamprobe

S1


https://ifross.org/en/license-center
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I began with 28,841 projects and 548,219 unique changelog entries. I dropped 66 projects due to data
availability or parsing issues. As a result, my analytic dataset contained 28,775 projects, of which 944 had
experienced a DSA. This dataset included a total of 534,473 unique changelog entries. 12,389 had their
combined license family categorized as protective, 10,819 as permissive, and 5,567 as other. I have published
the full dataset, along with the code used to build this dataset, in a replication archive on the Harvard

Dataverse.”

Measures

The changelog data that I just described spans a project’s incorporation into Debian through October
1, 2020. My unit of analysis, the changelog entry, is an observation of every code update committed to
the Debian version of a project’s source package. Age, as outlined by Stewart et al. (2006), can serve as a
proxy for many underlying factors important to development activity. Thus, every entry within a project
has been coded with a sequential numeric identifier, change_number, to indicate the project age at the
time of the change.

I follow in the footsteps of Colazo and Fang (2009) and measure development activity, “project
speed”, via inter-release time. This is the number of days between a changelog entry and the entry before
it, within the same package. If a project is being developed quickly, there will be small periods of time
between changelog entries, whereas an inactive project will have longer periods between each changelog
entry. This hasbeen coded as change_delta_days in the data, which is the difference in change_date
between this entry and one entry lagged. The first change of every project has been set to o.

Given the impact, adhesion, and limited voices which go into founder decisions, I make use of the
project’s software license as an indicator of one such early choice. This is useful, given that a clear divide
exists between two categories, or families, of licenses: protective or permissive. To measure this founder
decision, I consider whether or not a project’s license family is_protective. The boolean variable is

coded as rif the license family is protective and o if it is not.

*'See Appendix on page 30 to obtain the data and code.



Table 2: Mapping of concepts to operationalized variables of interest as found in the Debian Project data. change_delta_days is

the dependent variable for all three linear mixed-effect models 1 to 3 on pages 19—20.

concept conceptual definition variable variable definition operationalization
development ~ The amount of technical energy a poolof ~ change_delta_days  difference between changelog ~ Continuous
activity developers are putting into a project at any entry time and previous entry  (measured in days)
given time commit time
package age The amount of time which has passed since  change_number number of code updates in Count
a project was first released publicly where changelog before entry
others could download and contribute to it
crisis event A situation, which becomes public, that seen_dsa whether or not there was a Boolean

founder

decision

development

resilience

threatens an audience’s faith in the
reliability of a project

A choice made by the founder(s) of a
project which has wide impact and is
difficult to change once others are involved
The degree to which a project can recover

from a crisis event

is_protective

n/a

security announcement prior
to changelog entry

whether or not a package
license is of the protective
license family

difference between
change_delta_days before

and after a crisis event

(1= encountered dsa)

Boolean

(1 = protective)

Continuous

(measured in days)

LI
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Finally, as resilience is the measure of whether a community can recover from a moment of instability,
itisimportant to identify those moments, or crisis events. I use the presence of a DSA as a marker for when
an issue, which is of a magnitude that it may impact the sustainability of a project, has been brought to
the community’s attention. To indicate whether a changelog entry occurred before or after a DSA, each
change has been coded with the boolean variable seen_dsa which is equal to o if it has a timestamp,
or change_date, before the DSA, and 1 afterward. Code updates made before this point may then be

compared to those uploaded after the discontinuity event.

See Table 2 on the previous page for a summary of how the concepts discussed in the background
section map onto each of these measures. Next, I describe my analysis and the statistical models that I fit,

followed by the results.

Analysis

To test my hypotheses, I conduct a time series analysis of longitudinal changelog data, searching for
the impact of founder decisions and crisis events on a project’s development activity, as moderated by the
project’s age.

Due to the rapid development pace of some software, compared to the maintenance state that others
reach, the time between changes can vary widely, both within a project and across different ones. Similarly,
some FLOSS projects are very complex or mature, and include many changes, while others may be new
or straightforward, and only have a handful. I account for this skew by applying a log-transformation to
both change_delta_days and change_number, so that their values more closely follow the Gaussian

standard normal distribution.

Additionally, as development activity is a repeated measure within individual packages, there is the
risk of unobserved heterogeneity. To account for the potential of this threat causing serial correlation
of standard errors, I include a random effects parameter based on package_name, described in Gelman
and Hill (2007, Ch. 12) as the “partial-pooling” of estimates or a “varying-intercept” model. This is ac-
complished by using the /mer function that comes with the Ime4 R library (Bates et al., 2015) to compute

my linear mixed-effect regression models.
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Models

To test Hx, I make use of an indicator representing the founder decision of license selection, is_protective.
As they do not relate to my variable of interest for this hypothesis, I remove all projects with a license fam-

ily of other.** The following linear mixed-effect regression model is used to test the relationship described

in Hr:

Ylog(change_delra_days) =03 + 3 - log(change_number) + 3 - is_protective
+ 53 - (log(change_number) x is_protective)

+ o - 1|package_name + ¢ (1)

For H2, I introduce longitudinal security notification data through the variable, seen_dsa. Using
an interrupted time series (ITS) analysis, I compare the average development activity of a project before

and after it encounters a c7isis event. Thus, the linear mixed-effect regression model for testing Ha is:

Ylog(change_delra_days) =03 + 3 - log(change_number) + 3 - seen_dsa
+ [ - (log(change_number) x seen_dsa)

+ o - 1|package_name + ¢ (2)

Lastly, H3 is tested with an ITS analysis which includes both measures, founder decision and crisis
event. As was the case for Model (1), I remove all projects with a license family of other*> and test H3 with

the following linear mixed-eftect regression model:

**This is done to reduce noise around the interaction. I test this relationship using the complete dataset and the findings
do not change. Results can be found in the online supplement.

See footnote 24 on page 22 for more details.
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Ylog(change_delta_days) =03 + [ - log(change_number) + 3 - seen_dsa + 3 - is_protective
+ B - (log(change_number) x seen_dsa X is_protective)

+ o - 1|package_name + ¢ €),
FINDINGS

Table 3 on the next page provides a summary of results from the linear mixed-effect regression models
(1), (2), and (3) testing the relationships described in Hi, H2, and H2 on pages 8-10. Due to the log-
transformed parameters, subset data, and varied measures, interpreting these coefficients directly can be
challenging. In order to facilitate interpretation, I present the findings as applied to prototypical projects,
generated from model-predicted values, in Figures 2 to 4 on pages 23-2s.

I find statistically significant changes in the rate of development activity throughout all three mod-
els. Protective licensing and DSAs each increase the rate individually, providing support for Hr and Ho.
However, protectively licensed projects initially have decreased development activity, when compared to
permissive licensing, leading to mixed findings for Hi. Additionally, taken together, the development ac-
tivity of protectively licensed projects appears to be less resilient to crisis events than that of permissively

licensed ones, a relationship which is opposite of what I described in Hs.
Hir results

Model (1) shows mixed support for Hi, that protective licenses lead to increased development activity,
when compared to permissive licenses. The average time between changelog entries for protectively li-
censed projects is 18.51 days, while permissively licensed projects generally release a change every 15.09
days. Clearly, these results suggest, contrary to Hi, that permissively licensed projects have more devel-
opment activity. However, this split is heavily influenced by the difference of intercept between the fam-
ilies. For example, the first change of a project carrying a protective license may be made after 10.23 days,
whereas a similar permissively licensed project might have its first code update after 6.67 days (8 =o0.43,

B 95%CI =0.39 — 0.47, p = 0.02).



Model (1) Model (2) Model (3)
package (intercept) 1,90 2,21+ 1,83
(0.02) (0.01) (0.02)
log(change_number) 0.82%** 0.68"** 0.86***
(0.01) (0.00) (0.01)
is_protective 0.43*** 0.45%**
(0.02) (0.02)
log(change_number) X is_protective —0.22*** —0.24***
(0.01) (0.01)
seen_dsa 1.06™** 1.34**
(0.07) (0.16)
log(change_number) X seen_dsa —0.31%** —0.47*
(0.01) (0.04)
seen_dsa X is_protective —0.28
(0.18)
log(change_number) X seen_dsa X is_protective 0.18***
(0.04)
AIC 1749815.82  2121272.94  1748947.93
BIC 1749881.84  2121340.08  1749057.96
Log Likelihood —874901.91 —1060630.47 —874463.96
Number of Changelog Entries 443777 534462 443777
Number of Packages 23208 28775 23208
Package Variance (Intercept) 0.79 0.85 0.79
Residual Variance 2.81 2.88 2.80

***p < 0.001;**p < 0.01; *p < 0.05

Table 3: Linear mixed-model regression summaries of Models 1 to 3 on pages 19—20.
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That said, when comparing the raze of development activity, I find that the pace protectively licensed
projects are releasing changes is only increasing by 1.81 days, while permissively licensed projects are in-
creasing the time between updates by 2.26 days (8 =-0.22, 8 95%CI =-0.24 — -0.21, p = 0.008). In
other words, permissively licensed projects initially have more development activity, yet protectively li-
censed projects decrease their rate of development activity over time 19.99% slower.

This can be seen in Figure 2 on the following page where two prototypical projects, with so changelog
entries each, differing only on license family, have been generated. After predicting and plotting a value
for each of the code updates with Model (1), a line representing the average development activity is placed
atop each project. The results described can be seen in these lines, both in the shift of intercept and slope.
As this model demonstrates, holding all other factors constant, the protectively licensed project ends up

having increased development activity shortly after the first commit, supporting Hr.

Hz results

Model (2) supports Hz, that a crisis event increases the rate of development activity (i.e. FLOSS demon-
strates resilience). Prior to a DSA, the pace between changes projects made was increasing by 1.98 days on
average. After experiencing a DSA, generally the pace between changes was only increasing by 1.45 days
(8 =-0.31, B 95%CI =-0.34 —-0.29, p = 0.015).** In other words, the rate of development activity speeds
up by 26.99%. Although potentially interesting, the change in intercept is not interpreted as it does not
relate to my hypothesis.

I demonstrate these results in Figure 3 on page 24, by generating a prototypical project which has so
changelog entries. After 25 changes, the project encounters a DSA on the 26th, while all other attributes
are held constant. The development activity of this artificial project is predicted using Model (2) then
graphically represented with the ggplot2 R library (Wickham, 2016). The plot is stratified by changelog
entries before and after the DSA, and a line displaying the average development activity overlays each

series. The difference in slope of this line, is a visual representation of the findings which support Ha.

**Confidence intervals are being listed due to the distribution’s asymmetric nature which may lead to highly skewed stan-
dard errors. Instead, I make use of a profiled deviance function as suggest in Bates et al. (2015), based on the examples from:
https://github.com/Ime4/Ime4/issues/ 497


https://github.com/lme4/lme4/issues/497
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Permissive Protective

=
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Days between changelog entry
a1
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1 25 50 1 25 50
Change number

Figure 2: Two prototypical projects with so changelog entries each, differing only by their license family
(Left: Permissive, Right: Protective). Each integer along the X-axis represents a code update, where the
X-coordinate is the change_number. The Y-coordinate is the number of days that occurred since the
previous entry (i.e. change_delta_days). Coordinates for the artificial projects were predicted by

Model 1, making use of rust-string, the project with the median random effects for the package_name.

Hj3 results

Model (3) does not support H3, that development activity of protectively licensed projects is more re-
silient to a crisis event than permissively licensed ones. Rather, I find that while protectively licensed
projects maintain a higher average rate of development activity after a DSA, permissively licensed ones
demonstrate a larger difference. For instance, before a DSA, the pace protectively licensed projects are
releasing software updates is increasing by 1.85 days on average. After experiencing a DSA, the pace these
same projects are releasing new code is increasing by approximately 1.39 days. In comparison, projects car-

rying permissive licenses have an increasing rate of about 2.35 days between changelog entries before being
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Figure 3: A prototypical project with so changelog entries, 25 before seeing a DSA, 25 after, with all
other variables being held constant. Each integer along the X-axis represents a code update, where the X-
coordinate is the change _number. The Y-coordinate is the number of days that occurred since the previ-
ous entry (i.e. change_delta_days. Coordinates for the artificial project were predicted by Model (2),

making use of ruby-jquery-rails, the project with the median random effects for the package_name.

affected by a DSA, afterwards, the rate of these code commits is increasing by about 1.48 days. That s to
say, projects which are protective licensing generally demonstrate a resilience of 25.01%, whereas permis-
sively licensed ones usually show a resilience of 37.20%, a difference of 12.19% (8 =0.18, 8 95%CI =o0.09
- 0.26, p = 0.042). As was the case with the Hi results, I limit my interpretation to the estimate which
is relevant to my hypothesis, the three-way interaction term between change_number, seen_dsa, and

is_protective.

As with previous models, this is visually represented in Figure 4 on the following page where two pro-
totypical projects, with so changelog entries each, diftering only on license family, have been generated.

Each experiences 25 software updates before encountering a DSA, whereafter they produce 25 further
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changes. After predicting and plotting a value for each code update of each project with Model (3), a
line representing the average development activity is placed atop the changes, stratified as before or after
seeing the DSA, for each project. As was explained in the H2 results, I am interested in the difference of
slopes, rather than any of the intercepts. As this model demonstrates, holding all other factors constant,
the protectively licensed project, while reaffirming our findings described in the Hr results, experiences a

smaller change post-DSA than the permissively licensed one, thus failing to support H3.

Permissive Protective
125

100 /

Encountered DSA
FALSE
— TRUE

~
(&)]

Days between changelog entry
(o]
o

N
ol

1 25 50 1 25 50
Change number

Figure 4: Two prototypical projects with so changelog entries each, differing by their license family (Left:
Permissive, Right: Protective). Aside from that, all variables are held constant except for seen_dsa which
is o for the first 25 entries, and 1 for the final 25, of each project. Each integer along the X-axies represents
a code update, where the X-coordinate is the change _number. The Y-coordinate is the number of days
that occurred since the previous entry (i.e. change_delta_days. Coordinates for the artificial projects
were predicted by Model (3), making use of connectome-workbench, the project with the median random

effects for the package_name.
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DiscussioN

The goal of this study was to explore the links between FLOSS development activity, founder decisions,
crisis events, and resilience. To that end, I developed and tested three hypotheses; two focusing on the
direct relationship to development activity, one on whether an interaction modified that relationship.
Hr has mixed support, it shows that founder decisions have an impact on development activity. It also
suggests that the difference between protective and permissive licensing becomes more pronounced as a
project matures, and that protectively licensed projects fair better. Hz is supported, demonstrating the
development resilience of FLOSS projects after a crisis event. H3 is not supported, suggesting that the
echos of this particular founder’s decision may not outweigh the effects of today’s crisis event when it

comes to development resilience.

Empirical Contribution

Broadly speaking, my research expands our understanding of FLOSS development, the archetype of com-
mons based peer-production (Benkler & Nissenbaum, 2006). We now know more about its defining
characteristic, the software license (Lessig, 2006). While the Hi results on page 20 generally align with
the previous findings of Colazo and Fang (2009) and Stewart et al. (2006), opposing those of Fershtman
and Gandal (2007) and Subramaniam et al. (2009), the story is not quite that clear cut. Instead, I find
that the development activity of projects generally follows a declining pattern. However, protectively
licensed FLOSS projects dwindle at a slower rate than permissively licensed ones. Another interesting
finding given my hypothesis Hr on page 8, is that the first update of a protective protect takes longer than
it would for a similar project that was permissively licensed. This was unexpected and may be a site of
further research.

My research also expands our knowledge of an understudied, but important area, the impact of cri-
sis events on FLOSS, through the lens of development resilience. As crisis events, “cannot be predicted
but are expected” (Coombs & Holladay, 2010), these findings may realistically be used to help inform a
tuture response. And aside from Raja and Tretter (2012) identifying resilience as one of, “three different

attributes of project viability,” I was unable to find scholars who had specifically studied this dimension.
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As outlined in the Hz results on page 22, FLOSS shows considerate development resilience, with the rate
of development activity speeding up by 26.99% on average following a crisis event.

These findings are statistically robust and supersede portions of the prior research for a variety of
reasons. Firstly, the FLOSS landscape has changed in the past decade, and most of the seminal studies
took place prior to even that. Not only is the data more recent, but it also spans a wider period, generally
a project’s entire lifespan, given that my earliest collected changelog entry occurred on January 18th 199s.
Lastly, the scale of my study should be considered, given that it included 28,775 packages and 534,473
total observations, over double that of Subramaniam et al. (2009), and multiple orders of magnitude

more than the rest.
Theoretical Contribution

Conceptually speaking, two ideas were central to my study, development resilience and founder decisions.
Regarding resilience, I answer the call from Raja and Tretter (2012), which will hopefully lead to a resur-
gence of interest in this important topic. Additionally, I attempt to crystallize the relationship between
crisis events and resilience, utilizing the communicative lens outlined by Coombs and Holladay (2010).
By furthering the understanding of what development resilience entails, it will be easier to identify and
study in the future.

Following an intuitive definition of constitutional decisions, I scoured the literature for some ref-
erence to its application in terms of software projects or community founders. Despite this, the only
reference I was able to turn up happened to be from a seminal thinker in the discussion of communal
public goods, Ostrom. Her definition was brief, but lent credence to the axes which I thought applica-
ble, their broadness of impact and resistance to change (Ostrom, 1968). My extension comes in the form
of a third affordance (Treem & Leonardi, 2013), the carrying of a founder’s imprint.

Unfortunately, the H3 results were not in-line with the relationship described in my hypothesis H3 on
page 10. This relationship, if shown, would have lent strength to my theory of founder decisions. That
said, it is possible that the relationship between this particular crisis event and this particular founder
decision, do not mirror other combinations. For instance, software forks and maintainer transitions are

other examples of suitable crisis events, as is the selection of a programming language as a founder decision.
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Implications for FLOSS Practitioners

As founders envision new FLOSS, and existing projects watch their development activity slow, these re-
sults provide useful insights. While my findings surrounding license choice were mixed, they do point
towards the importance of founders being conscious of the impact their decisions have. The results also
suggest that if the FLOSS project is being designed with a long-term community in mind, then a protec-
tive license might be preferred to a permissive one as the initial difference in development activity is made
up for by the decreased rate of decay.

Additionally, a project might consider that the time and energy spent preparing for crisis events may
be better focused elsewhere. Similarly, if a crisis event does happen, it is valuable to know that there will be
increased development activity so that it does not become relied upon. Additionally, through awareness,
this extra developer attention may be harnessed and directed towards new features, or nurtured in an
attempt to cultivate long term supporters.

Finally, while resilience was not increased through the selection of a protective license, the H3 results
on page 23 indicate that this is due to protectively licensed FLOSS generally having more rapid develop-
ment activity. Given this, the Debian Project, and similar groups, should continue to push for the use of

copyleft terms.

Potential Limitations

The validity of these findings may be affected by a number of threats and limitations. First, my opera-
tionalization of development activity, while utilized in one of the studies informing this one (Colazo &
Fang, 2009), is very coarse. Subramaniam et al. (2009) point out that, “three measures of project success
are inter-related,” thus, despite the use of a varying-intercept model to control for unobserved hetero-
geneity, these interrelated factors may impact my results.

Additionally, my reliance on the ifrOSS license family schema may have come at the cost of an impor-
tant distinction between individual licenses. What’s more, by combining the strict and limited variants
of the protective or permissive clauses, I may have covered over nuance which could be an important

motivator driving the ideological license selection process.
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Finally, the use of Debian changelogs means that I am looking at development activity filtered through
a package maintainer, rather than measuring individual developers. As above, this choice may have ob-

scured important nuance in the variability of development activity.

Future Research

There are a number of future areas of study to consider. First and foremost, the cross validation of these
findings in other GNU/Linux distributions, both derivatives such as Ubuntu, and similarly sized com-
petitors such as Fedora; and on other large-scale, software stores with publicly available longitudinal data,
such as GitLab, would be valuable.

Second, as mentioned in the last paragraph of the Theoretical Contribution section, there are alter-
nate combinations of founder decisions and crisis events which could be explored. Future research should
be directed towards compiling the requisite characteristics to be categorized as one of these, gathering a
list of features which fall into this taxonomy, and testing the different interactions among each.

Finally, there are always trade-offs when selecting a statistical methodology. Unidentified variables
may have influenced these results and the analysis should be reproduced, replicated, and enhanced by

other researchers.

CONCLUSION

By conceptualizing the founder decision and placing it in conversation with developmentresilience, T have
identified and elucidated an important and understudied gap within the existing literature. My empirical
results complement and extend the discussion surrounding the impact of FLOSS licensing on develop-
ment activity. And, while not all of my hypotheses were fully supported, this just helps to highlight the
many avenues for future research on the path towards greater understanding of the phenomena that is

Free/Libre/Open Source Software.
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ONLINE SUPPLEMENT

Data, code, and supplemental information for this thesis are available in the Harvard Dataverse at the

following URL: https://doi.org/10.7910/DVN/IOESDE


https://doi.org/10.7910/DVN/IOE8DE
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is the change_number. The Y-coordinate is the number of days that occurred since
the previous entry (i.e. change_delta_days. Coordinates for the artificial projects
were predicted by Model (3), making use of connectome-workbench, the project with the

median random effects for the package name. . . . . . . ... ... ... ......
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LIST OF TABLES

“Open Source Licenses” as categorized by the Institut fiir Rechtsfragen der Freien und
Open Source Software (ifrOSS). I have utilized my own more consistent naming schema
while including the original English translation in parentheses under each description.

Full listing available at the ifrOSS License Center, https://ifross.org/en/license-center .

Mapping of concepts to operationalized variables of interest as found in the Debian
Project data. change_delta_days is the dependent variable for all three linear mixed-

effectmodels1to3onpagesto—20. . . .. ..o L L L

Linear mixed-model regression summaries of Models 1 to 3 on pages19—20. . . . . . . .
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