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Abstract

The license adopted by an open source software is associated with its success in terms of attractiveness and
maintenance of an active ecosystem of users, bug reporters, developers, and sponsors because what can and
cannot be done with the software and its derivatives in terms of improvement and market distribution depends
on legal terms there specified. By knowing this licensing effect through scientific publications and their experience,
project managers became able to act strategically, loosening up the restrictions associated with their source code
due to sponsor interests, for example; or the contrary, tightening restrictions up to guarantee source code
openness, adhering to the “forever free” strategy. But, have project managers behaved strategically like that,
changing their projects license? Up to this paper, we did not know if and what types of changes in these legal
allowances project managers have made and, more importantly, whether such managerial interventions are
associated with variations in intervened project attractiveness (i.e., related to their numbers of web hits, downloads
and members). This paper accomplishes these two goals and demonstrates that: 1) managers of free and open
source software projects do change the distribution rights of their source code through a change in the (group of)
license(s) adopted; and 2) variations in attractiveness are associated with the strategic choice of a licensing schema.
To reach these conclusions, a unique dataset of open source projects that have changed license was assembled in
a comparative form, analyzing intervened projects over its monthly periods of different licenses. Based on a sample
of more than 3500 active projects over 44 months obtained from the FLOSSmole repository of Sourceforge.net
data, 756 projects that had changed their source code distribution allowances and restrictions were identified and
analyzed. A dataset on these projects’ type of changes was assembled to enable a descriptive and exploratory
analysis of the types of license interventions observed over a period of almost four years anchored on projects’
attractiveness. More than 35 types of interventions were detected. The results indicate that variations in
attractiveness after a license intervention are not symmetric; that is, if a change from license schema A to B is
beneficial to attractiveness, a change from B to A is not necessarily prejudicial. This and other interesting findings
are discussed in detail. In general, the results here reported support the current literature knowledge that the
restrictions imposed by the license on the source code distribution are associated with market success vis-a-vis
project attractiveness, but they also suggest that the state-of-the-science is superficial in terms of what is known
about why these differences in attractiveness can be observed. The complexity of the results indicates to free
software managers that no licensing schema should be seen as the right one, and its choice should be carefully
made, considering project strategic goals as perceived relevant to stakeholders of the application and its
production. These conclusions create awareness of several limitations of our current knowledge, which are
discussed along with guidelines to understand them deeper in future research endeavors.
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1 Introduction: collective production and legal
issues
Society and its creations have become increasingly com-
plex as our body of knowledge grew, and information
retrieval technologies evolved. Innovating and competing
on a global scale is no activity for an individual alone.
Searching for partners and peers to collaborate with and
in projects is a crucial task in most fields, notably in sci-
ence, software engineering and public policy management
[1–3]. Experts have noticed this and expressed such no-
tion by saying that modern inventors are organizations,
not individuals and that production processes are best
dealt with in an open and public fashion, as opposed to
the proprietary and private economic model for firm pro-
duction [3–5]. This change, of course, raises concerns on
how the rights of such collective goods (properties) should
be regulated and managed as to prevent disincentives for
entrepreneurship, cooperation and thus maintain the
labor market active and sustainable [6–8].
The digitalization of the world has stimulated this

trend of working in collectivities by decreasing the costs
of searching for collaborators and using communication
technologies to coordinate production activities. The
asynchronicity of production activities over the web has
led many investigators and developers to engage in
geographically distributed projects, such as for software
development [9, 10]. For at least the last 20 years, this
phenomenon of “collective production” has been par-
ticularly prominent in the development of free and open
source software (free software, for short), reshaping the
information technology (IT) industry as it became a stra-
tegic player. Nowadays, there are hundreds of thousands
of free software projects online, each representing a
computer supported cooperative work opportunity for
generating an active and growing ecosystem of users
and contributors capable of joint development at an
unprecedented scale [11, 12].
Free software projects (FSP) reflect the intention of a

founder, the original owner of the property rights, to
share costs of continuous software improvement, user
base expansion, and visibility growth [13–15]. The ability
to attract peers to co-create with the founder is under-
stood as the attractiveness of the project [12]. Richard
Stallman and Linus Torvalds are among the first and
most famous ones to publicize1 this type of intention,
bringing forth the GNU operating system and Linux, a
project incredibly successful that alone impacted the IT
industry deeply. Unsurprisingly, inspired by the Linux
case, many organizations have created FSP as a deliber-
ate organizational strategy, known as open sourcing, an
alternative to the classic outsourcing possibility [11].
When successful, FSP involve active communities struc-
tured as networks for the evolution of public software
through a resourceful communication channel between

users, developers and sponsors. Nevertheless, in these
terms, success has been achieved only by a small fraction
of the total number of FSP, making the investment of
releasing intellectual property to the public and assem-
bling a proper IT infrastructure risky and worth of
managerial consideration, as a failed attempt wastes
organization’s limited resources [12–16].
In this scenario of uncertainty and competition on

whether the attention of users and developers will be
obtained, knowledge on how to effectively create and
manage FSP to suit better the demands and interests of
stakeholders, be a sponsor or a co-developer, is useful
and timely. Founders and managers should take into
account the stakeholders demands and interests as they
expect that to translate on increasing software adoption
and intention to contribute (i.e., people reporting and
developers fixing bugs). One of the central issues in the
literature of open source project affecting intention to
adopt and contribute, its attractiveness, is the license
terms, the legal specifications under which the software
has been released to regulate further improvement and
distribution [6, 7, 16–18].
The influence of the license choice has been discussed

on many grounds, from a legal [6], strategic [3, 8] and
sociological [7] standpoints. The main effects can be
summarized as related to people’s motivation in getting
involved as some in the community (stakeholders) be-
lieve that private property should not be a derivative of a
public one; a legal restriction that has been found to
scare corporations’ investments away from software
obliged to be always free and open (e.g., licensed GPL
2.0). This duality of effects creates a tension where the
interests of all cannot be met at once, forcing FSP man-
agers to choose a strategic path and “pick a side” in
terms of licensing, distribution rights.
A major concern has been the terms under which the

application source code is allowed to be modified and
re-distributed. Free software can be modified, and the
result of that modification distributed in a sold hard-
ware, for example, and the source code of the embedded
software kept proprietary, or not, depending on the
license chosen. According to previous studies, the intel-
lectual property policy delineated by the chosen license
schema has the power to drive people and organizations
away from adopting and contributing to FSP, and oper-
ates as a governance mechanism, thereby impacting the
attractiveness of the project and consequently its
production activities [6–8, 12, 17–19].
In a nutshell, the license is believed to influence FSP’s

attractiveness, production activities and, thereby, success.
As this strategic effect becomes known to FSP founders
and managers, assuming their rationality towards the
attempt to be successful, an expectation that they should
act in practice and change their project licenses to affect
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attractiveness is created. This paper represents a methodo-
logical advance in comparison to previous studies, as it
verifies this theoretically-derived expectation of a relation-
ship between license and attractiveness by performing a
longitudinal study with a large sample observed in natura
over a wide time frame. This methodological approach was
specifically developed towards the answers of the following
research questions: 1) Do intellectual property interventions,
license changes, occur in practice? 2) Are the different licens-
ing schemas chosen by project managers associated with
FSP attractiveness? These questions are answered with a
sampling strategy designed to identify the projects that have
changed licenses, followed by a statistical analysis of various
types of license interventions that FSP managers have
decided to make, changing thereby the legal restrictions of
their software (and thereby their project attractiveness).
Nevertheless, besides this methodological improvement to
the literature found here, this paper also contributes in the
sense that most previous empirical studies have considered
that an open source project has only one type of license,
even though many of these projects have more than one.
This paper incorporates that in its methodological proce-
dures and improves the classic way of classifying licenses
based on Lerner and Tirole2‘s work in a more realistic,
empirically-based schema. Furthermore, the unique dataset
assembled to produce this paper is released open, free of
charge along with its publication, which is another form of
contribution to future research endeavors Additional file 1.
The scientific basis grounding the theoretical expecta-

tions just spelled out are next stated in more details, a
foundation followed by a methods section describing the
specific steps followed to obtain the sample and results
discussed before the conclusions.

1.1 Theoretical foundations: definitions and related work
1.1.1 Free and open source software projects
In general, projects are endeavors toward goals, such as
writing a paper or developing software. When a software
project has its source code freely and publicly available
online for use and modification with a license specifying
that attached to it, it may be classified as a free and open
source software project [7, 8, 11, 12]. Free software pro-
jects (FSP) are the object of interest to this study for their
position as key players in the IT industry. Several of them
have become widely known, such as the GNU/Linux oper-
ating system, the R statistical package, and the Apache
web server. The communities maintaining these systems
are large, active and professional, producing first class ap-
plications in their domains and receiving sponsorship
from companies such as IBM and Google. However,
beyond these high-class applications, most FSP has not
become successful, never attracting external users and
contributors to generate a network of peers producing
useful, up-to-date public software freely available [12–14].

1.2 The role of attractiveness
One way to understand why some FSP are successful and
others are not is through the study of their attractiveness
[12], or their “magnetism and stickiness” as some have
more informally stated.3 Attractiveness is a common cause
of how many visitors a project website receives, how many
users it has, or its number of downloads, and how many
contributors it possesses. FSP attractiveness is a concept
considered responsible for the (lack of) flow of market re-
sources, basically time and money, to the project. Higher
attractiveness leads to more intention to adopt (download)
and contribute (become a member), motivating and justi-
fying production activities and investments towards the
software to improve quality and generate innovation via
the “more eyeballs effect” [12, 19, 20]. FSP attractiveness
has a vital role in this perspective, and it is evident how
important it is to understand what influences or is
associated with attractiveness variations.

1.3 The choice of license and FSP success
The choice of license impacts FSP success because it
defines the scope of doing business with the distribution
of the software and its derivatives, perhaps preventing
the source code hijacking, or impacting the reuse or “cit-
ation” incentive, but for sure influencing stakeholders’
perception of control and utility over the technology.
People and organizations take the license terms into
consideration on deciding whether to adopt and use free
software and, later, if it is worthy contributing to or re-
using the source code [7, 8, 16, 21]. Figure 1 depicts this
thesis causal chain, from intellectual property choice to
attractiveness and then software quality/project success.
In summary, based on the literature review in which

this study is grounded [8, 12], Fig. 1 can be read from
left to right as FSP managers select a license that defines
the restrictions applied to the source code redistribution,
which affects the flow of market resources to the project
(visits to the website: visitors, downloads: intention to
use, and membership: intention to contribute). As a con-
sequence of an increase in the project attractiveness,
with more people thus interested in the software quality,
more bugs will be reported and fixed, and new features
will be requested and developed, influencing directly in
the project long-term success. Accordingly, this causal
chain is expected to be “disturbed” by a managerial
intervention/change in the project license, as the inter-
ests of relevant stakeholders (sponsors, volunteers, etc.)
might not be met anymore.
To explore empirically this hypothesis, based on what

has been done in previous research [8, 12, 21, 22], this
study focuses on four types of legal restrictions that may
be applied to the free and open source code. The first
relates to whether the source code is “restrictive”, requir-
ing derivative works to be released under the same
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license in case of redistribution [19]; the second, to
whether it is “highly restrictive”, which besides being
restrictive, forbids the source code to be even mingled
for compilation with software of a different license [19];
the third, to whether the code may be relicensed, mean-
ing that “any distributor has the right to grant a license
to the software […] directly to third parties” ([7], p. 88);
and the fourth, to whether a project is licensed under
the Academic Free License, since it was written to cor-
rect problems of important licenses such as MIT and
BSD [7] and is understudied. Methodologically speaking,
projects licenses were classified in this basis, including
the cases where a project would have more than a license.
Therefore, in this schema, a project might not have a
restriction for one group of stakeholders, students for
example, but do have that restriction for corporations.
This methodological choice reflects the reality of open
source projects more accurately but has the downside of
being more complex, as the results will demonstrate for
themselves.
The basic sampling strategy idea that guided this

research was to look for projects that have undergone a
change in these legal terms during their life-cycle and
verify possible associations/variations on the main indi-
cators of attractiveness of such projects. This approach
aims to uncover whether FSP managers change legal
restrictions over their projects life-cycle (research
question #1-RQ1) and evaluate whether the success of
FSP is associated with the legal terms change through
a before-and-after statistical analysis of a managerial
intellectual property intervention (IPI) on project at-
tractiveness (research question #2-RQ2). These intents
together have not been addressed in previous research
with such methodological approach.

2 Methods: data, sampling and statistical analyses
To obtain data capable of answering the questions of
whether FSP managers have performed changes in their
schema of licensing over the years (RQ1), and whether
these changes are associated with the attractiveness of
the project (RQ2), a search on the internet for secondary

data on free software projects was made. A few options
popped up, such as the University of Notre Dame based,
but the more seemingly straightforward one was chosen,
FLOSSmole [23].4 Data obtained and released by
FLOSSmole on all projects from the largest5 free soft-
ware repository available online [6] at the time of this
project data collection efforts was organized in a data-
base for inspection, covering 44 months of activities.
This database was filtered down to contain only those
projects that have changed their listed licenses over the
years covered in the obtained dataset. If this filtered
dataset was equal to zero projects, the first research
question of this paper would be “no, FSP managers have
not changed their license schema, despite the known ef-
fect of that on attractiveness found in previous research”.
But the empirical answer is yes, FSP managers have
made these interventions (aka, IPI) hundreds of times in
this research sample.
After obtaining this working sample, a data organization

process was performed, classifying the various licenses of
projects (many have more than one license at a given
point) into the categories described right after Fig. 1
shown above. All information on the project audience
(end-user or developer, for example), date of creation, etc.
was also kept for sample description, and data on numbers
of web hits, downloads, and members were gathered
monthly to allow for comparisons on these indicators of
attractiveness anchored on the type of licensing schema
intervention. The choice of these specific indicators is
aligned with previous research [12], where attractiveness
was first directly addressed in the specialized literature. A
few more details on this data preparation procedure are
described below.
The sampling and filtering procedures adopted were

specifically designed to detect the changes in license
terms adopted by FSP managers and explore if these
IPI are associated with FSP attractiveness variations. As
the ideal methodological situation of random selection
of projects to undergo a license change is not possible
due to the impossibility of doing that with other peo-
ple’s project (this is not an experiment), alternatively, to

Fig. 1 Theoretical causal chain: from legal restrictions to software quality. Source: author’s own
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control for confounding effects, projects that had their
listing categories or audiences changed during the
period covered by this study were selected out too.
Also, any project with missing data on the number of
members was also removed from the sample, as this in-
dicates an “orphan” project. The working sample is of
756 FSP with monthly data covering a period of
44 months, from October/2005 to June/2009 (1 month
was missing in FLOSSmole, July 2008).
For each project, monthly data on its license were

collected for further classification based on the legal
restrictions covered in this paper, as explained before.
This classification set forth here is based on previous
research, which has always treated licenses by their re-
strictions of 1) compatibility for mingling with a differ-
ent software during compilation (when not, referred to
as “highly restrictive”), 2) whether an improvement of a
software must be released as free software as well (when
yes, referred to as “restrictive”), and 3) whether a soft-
ware might be relicensed by third party to a different
license originally chosen (referred to as “relicensable”).
However, the empirical fact that projects have more
than one license challenges a classification that con-
siders a project simply based on one of its licenses.
Free software projects choose schemas of licensing,
for example, with a “highly restrictive” stamp for non-
payers, and a “relicensable” option for who pays for
the software. The classification adopted here takes
that into account to obtain a more accurate however
complex picture of projects licensing schema. All
listed projects’ licenses were considered, and so a
dual-licensed project might indeed be “Restrictive,
Highly Restrictive and Relicensable”, something that at
first sight can appear contradictory. This classification
was performed per month, and changes in the schema,
managerial interventions detected were flagged for
further analysis.

3 Results and Findings: descriptive statistics
towards RQ1
Table 1 summarizes all interventions detected along with
labels given to them (see column “description”), and the
number of occurrences of each type of change in legal
terms is displayed in the table cells. This table represents
the detailed answer to RQ1. One can see, for example,
that GPL was involved in the managerial interventions
715 times (being the end-state 298 times, the sum of
column F, and a beginning state of the change 417 times,
the sum of row F). In the description column, one can
see that the GPL is restrictive and highly restrictive, that
is, derivative work redistributed must be GPL as well,
and source code mingled with it during compilation
must be GPL as well (a “viral” license). Further, GPL
software cannot be relicensed under a different license.
GPL is thus restrictive, highly restrictive and non-
relicensable. GPL motivates the most managerial interven-
tions, probably due to its popularity and mixed feelings of
the community with its adoption (loved by those who
believe in “free software forever” and not so much by
those primarily guided by competitive motivations).
This GPL leadership is followed by the dual-licensing
strategy, where FSP managers decide to release code
under different licenses depending on the interest and
profile of the user (e.g., whether an individual or a for-
profit organization). These interventions ranking and
the number of their occurrences can be found on Table 1’s
column for data related to the new license type chosen to
be adopted, and on its rows for the data about the license
type abandoned by the project (the “from” and “to” indi-
cated in the first cell of the second row).
Additionally, monthly data on Web hits (visitors),

downloads (intention to install the software use) and a
number of members (intention to contribute reporting
bugs or features), besides the type of project and devel-
opment stage, were gathered. Table 2 contains the

Table 1 Number of occurrences and types of intellectual property interventions

Count of license type interventions in sample

From\To Description A B C D E F G Sum Ranking

A None (or “other”). 0 22 2 13 3 47 1 88 5

B Non-Restrictive and Relicensable (e.g., Public Domain or MIT). 8 0 7 20 16 31 45 127 4

C Academic Free License-AFL (Non-Restrictive and Relicensable). 2 5 0 0 0 7 0 14 7

D Restrictive and Non-Relicensable (e.g., GNU Lesser General Public License-LGPL). 6 34 0 0 21 67 6 134 3

E Restrictive and Relicensable (e.g., Mozilla Public License-MPL). 3 19 0 12 0 7 8 49 6

F Restrictive, Highly Restrictive and Non-Relicensable (e.g., GNU General Public
License-GPL).

36 81 3 137 5 0 155 417 1

G Restrictive, Highly Restrictive and Relicensable (e.g., dual licensed: GPL and Apache). 0 32 0 6 6 139 0 183 2

Sum 55 193 12 188 51 298 215 1012

Rank 5 3 7 4 6 1 2

Source: author’s own
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descriptive statistics for the numerical variables, and Table
3 the frequency of projects that have a particular type of li-
cense versus their development status in the first month of
the dataset, October of 2005. To calculate “attractiveness,” a
latent construct, the correlation matrix of a previous study
[12] was used in a principal component analysis [24], where
a linear combination of three indicators of attractiveness
was identified to maximize the explained variance. The first
principal component extracted is operationally defined as
(0.63*logwebhits +0.64*logdownloads +0.43*logmembers)
and explains 65% of the sample variance. This first compo-
nent extracted was used to calculate a new variable named
attractiveness, a result of the multiplied sum of projects
log-transformed web hits, downloads and number of
members at any given month. This measure of attractive-
ness expresses the ability of a project to attract these market
resources from the environment where it competes with
other projects. Attractiveness is thus a common cause of
website visits, downloads and membership numbers. Data
was organized and statistically analyzed with R.

From Table 2, one can see that in the sample: 1)
projects were founded as early as 1999; 2) on average a
project had approximately 378 downloads in October
2005; and that at least one project has four different
licenses listed at this point. Table 3 depicts a different
picture, showing that: 1) 48% of projects, 363, are li-
censed GPL (restrictive + highly_restrictive + non-
relicensable) and out of these 95 are in beta stage; 2)
11% of the 756 projects have no license specified; and
3) only 7 projects have no license and no develop-
ment status on their file at October/2005. This
distribution of projects in the sample demonstrates a
wide variability over the various stages of software
lifecycle, reducing once more the limitations of non-
experimental nature of this study and its potential
sampling biases.

4 Results and Findings: preparing to answer RQ2
To explore the IPI associations with attractiveness
variations and obtain some if any statistical evidence of
variation, FSP were classified according to the type of
intervention they were subject to every month, and the
working sample was again organized and analyzed in the
following fashion.
To allow for statistical comparisons with reasonable

sample sizes, the dataset was reorganized to display the
seven licensing schemas, from A to G on columns, and
attractiveness on the rows. In this new dataset, each cell
represents the attractiveness of a project in a specific
month, broken by licensing schema with the various
columns. This analytical strategy of treating the licensing

Table 2 Illustrative descriptive statistics for the first month

Variable Minimum Maximum Mean Std. deviation

Registered 11/04/1999 3/13/2009 1/08/2003 –

n_licenses.200510 0 4 1.10 0.39

attractiveness.200510 0 16.12 5.4694 3.33

downloads.200510 0 34,514 378.07 1941.56

webhits.200510 0 836,740 9267.23 48,727.7

members.200510 1 55 3.38 5.22

Source: Author’s own

Table 3 Frequency cross-table for type of license and development status

Type of license/development status Alpha Beta Mature None Planning Prealpha Stable Total

A # 12 18 2 7 7 7 33 86

% 1.6% 2.4% 0.3% 0.9% 0.9% 0.9% 4.4% 11.4%

B # 25 36 4 2 15 11 33 126

% 3.3% 4.8% 0.5% 0.3% 2.0% 1.5% 4.4% 16.7%

C # 1 1 0 2 1 0 3 8

% 0.1% 0.1% 0% 0.3% 0.1% 0% 0.4% 1.1%

D # 22 33 2 5 15 13 38 128

% 2.9% 4.4% 0.3% 0.7% 2.0% 1.7% 5.0% 16.9%

E # 4 10 0 1 1 3 6 25

% 0.5% 1.3% 0% 0.1% 0.1% 0.4% 0.8% 3.3%

F # 84 95 9 8 36 38 93 363

% 11.1% 12.6% 1.2% 1.1% 4.8% 5.0% 12.3% 48.0%

G # 4 7 0 0 2 3 4 20

% 0.5% 0.9% 0% 0% 0.3% 0.4% 0.5% 2.6%

TOTAL # 152 200 17 25 77 75 210 756

% 20.1% 26.5% 2.2% 3.3% 10.2% 9.9% 27.8% 100%

Source: Author’s own
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schema and not the specific change of the schema in-
creased the sample size immensely and permitted statistical
mean comparisons of attractiveness, as RQ2 required. The
classic t-test, robust to violations of assumptions with such
large samples,6 was performed using the software SPSS.
The descriptive statistics, variable by variable, for this

new dataset is shown below in Table 4, and it is possible
to see that the smallest sample size is 265, which means
that in 33,264 month-projects available (756 projects
times 44 months), 265 month-projects could be flagged
with a C type of schema.

5 Results and Findings: revisiting RQ1 towards
RQ2
A project license or schema of licensing imposes restric-
tions and allowances to the application adopter and
source code contributor, creator of a derivative work.
For example, a company that customizes a GPL applica-
tion and distributes it in the market is obliged to make
the source code of the redistributed, improved public
software. The license choice is a strategic decision with
social and economic impacts on the project, as it can
block the interests of people related to the software, that
is, users, developers and other relevant stakeholders. A
major decision like that is not expected to occur very
often, as managers avoid status quo changes that harm
expectations and turn people’s attention away from the
actual work (e.g., into politics and disputes). This
tendency to not change strategic matters is known in the
organizational literature as structural inertia [25].
In conformance to this organizational inertia, out of

thousands of free software projects obtained from
FLOSSmole and Sourceforge.net and analyzed in this re-
search, only 756 have decided to change their license
type over the period of 44 months covered in this
research, from October/2005 to June/2009, missing July/
2008. Nevertheless, as it has already been shown in
Table 1, these 756 projects that changed licenses have
done so 1012 times, a considerable number that vali-
dates the theoretical expectation of managerial action
through changes in software legal restrictions towards

meeting stakeholders’ demands and expectations for
project success. Previous research has stated that the
license affects the probability of project success and, ac-
cordingly, FSP managers have indeed attempted changes
in legal restrictions.
In terms of specific results, leaving projects exposed

and legally unattended, the managerial decision of not
having a license specified was detected both ways, as
projects left the “none” choice 88 times and, surprisingly,
changed their current state of having a license to one
where they have no license 55 times (see Table 1, type of
license A). In fact, it has been found that projects have
had no license specified in every month covered by this
research. FSP with no license, the “none” A-category
created, have less average attractiveness than restrictive/
relicensable and dual-licensed projects often, but have
more attractiveness than GPL (F-schema). Let us now
move one step further to analyze the data numerically.
To initially explore the statistical associations of attract-

iveness and license, the ratios of mean attractiveness after/
before interventions were computed, considering all pro-
jects of a given change in licensing schema (summarized
in Table 5). For calculating the ratios, it was summed up
for all projects of a specific license, after the attractiveness
component was calculated for standardization. It is the
sum of the attractiveness of all projects in a state of license
change for each type of change. Projects were aggregated
and afterwards one ratio was calculated by dividing their
mean attractiveness after the change by their mean at-
tractiveness before the change.
To interpret the results in Table 5, for example, one can

see that the ratio of 0.94 in the first row indicates that pro-
jects changing from type of license A to B experienced
lower levels of attractiveness after the intervention, that is,
moving away from a status of having no license (A) and
going to a status of “public domain” license (B) is on aver-
age detrimental to attractiveness (specifically, a reduction

Table 4 Descriptive statistics for mean comparisons by
licensing schema

Sample size Minimum Maximum Mean Std. Dev

A_attractiveness 2134 0.44 14.60 6.9037 2.81252

B_attractiveness 5322 0.00 16.12 6.4007 2.75651

C_attractiveness 265 0.00 11.12 6.4196 2.09862

D_attractiveness 5522 0.30 14.46 6.7547 2.31416

E_attractiveness 1073 0.30 15.97 7.4004 2.74449

F_attractiveness 9849 0.00 16.83 6.6443 2.88175

G_attractiveness 1865 0.44 18.01 7.6265 3.08157

Source: Author’s own

Table 5 Types of license interventions and variations in
attractiveness (post/pre ratios)

Intervention variations on attractiveness (ratios)

From*\To A B C D E F G

Ab – 0.94 1.07 1.06 1.14 1.09 0.87

Bacdf 0.96 – 0.97 1.02 1.03 0.98 1.01

Cbf 0.92 0.93 – – – 1.05 –

Dbeg 0.98 1.05 – – 0.96 1.03 0.92

Edg 0.70 0.86 – 0.91 – 0.89 0.89

Fbc 0.89 1.00 2.00 0.98 1.06 – 1.01

Gde – 0.85 – 0.98 0.88 0.89 –

*Superscript letters indicate an asymmetric effect of interventions, that is,
going from one license to another has a similar effect (e.g., it is both positive
to leave C and go F, and to leave F and go to C)
Source: Author’s own

Santos Journal of Internet Services and Applications  (2017) 8:11 Page 7 of 12

http://sourceforge.net


of 6%). However, that strategic move has been detected
only 22 times in the sample (see Table 1), imposing a limi-
tation to any robust statistical analysis of such variation in
attractiveness. This limitation is overcome later in the ana-
lysis, with the t-tests as described in the methods section.
Moving ahead with this exploratory results interpret-

ation, as for the associations of the odd managerial
action of moving away from having a license specified to
not having one (type of change with “A” as target) with
attractiveness variations, the average attractiveness ratio
of projects that have undergone this type of change have
been found to be always detrimental to attractiveness
(column A of Table 5), demonstrating that stakeholders
do not like the uncertainty associated with a project with
no license. By looking at the interventions with A (the
none choice) as target in Table 5, it is noteworthy that
every time such change was made, the average project
attractiveness decreased (a number smaller than one in-
dicates the attractiveness ratio of after/before the change
is on average pushed down). Additionally, when a pro-
ject went from none to a restrictive and relicensable
choice (A → E), this change was associated with an
average change of 14% in attractiveness.
From a distinct perspective, interestingly, the interven-

tion from none to non-restrictive and relicensable (e.g.,
MIT), and to restrictive, highly restrictive and relicensa-
ble (i.e., dual licensed) led to an attractiveness reduction
(see from A → B and A → G in Table 5). At this mo-
ment, one can only wonder the actual reasons for such
findings in a case-specific manner, but the general theor-
etical interpretation is that relevant stakeholders’ inter-
ests were harmed due to the project license change,
affecting its consequent attractiveness.
Together, these findings related to the managerial

decision of having no license specified can probably
be interpreted in several ways, such as a sign of a not
welcoming market to unregulated software, easier to
suffer litigation, if you consider that a managerial
change to not having a license specified is always det-
rimental. However, from another perspective, projects
with no license can still be considered attractive, sug-
gesting the possibility that the regular user does not
take the license into account at all. Perhaps both ex-
planations are valid and complementary, as the at-
tractiveness measure adopted in this research groups
the effects on developers and users together (down-
loads and membership numbers), and only future re-
search can sort this out. Attractiveness is a cause that
these variables have in common, but most likely it is
not the only one (the first principal component ex-
tracted, for example, explains 64% of the variance,
and so 36% is not due to this attractiveness measure).
Future studies can dig into this line of inquiry, studying
these indicators separately as well.

Back to the results interpretation, by focusing on the
most popular choice, the GPL, or more generically, the
most restrictive licensing (i.e., restrictive, highly restrict-
ive and non-relicensable – the F-schema), it has been
found beneficial to projects to abandon this scheme for
source code regulation concerning attractiveness in-
crease. Overall, a positive variation with such change in
terms of attractiveness was detected, but such strategic
move was detrimental to FSP attractiveness when pro-
jects went to “none” (A), or restrictive and non-
relicensable (D), that is, normally, to the LGPL option
(see changes involving F in Table 5). In support of these
results, to become GPL was good to FSP attractiveness
when the initial state was the absence of license (option
A), the Academic Free License (C), or the LGPL one
(D). These strategic interventions were detected 47, 7
and 67 times, respectively (Table 1). When taken to-
gether, these findings suggest that it is good to avoid the
GPL, but it is better to adopt it when compared to
having no license or the LGPL. The more challenging
explanation for the findings of this type of change is the
intervention from GPL to AFL (F → C) and the opposite
(C → F), which are both positive. This means that it is
good to change from GPL to Academic Free License,
and it is also positive to change to GPL coming from the
Academic Free License. This suggests that any change
might be good to the project, depending on whether
such change is aligned with FSP stakeholders’ demands.
The (lack of ) symmetry on the effects of interventions
can be better observed by looking at the matrix shown
in Table 5 (the superscript letters), a pattern of the findings
dealt with in details later in this section.
Analyzing all interventions together, out of 35 types

observed in the sample, 13 were positive to attractive-
ness, 21 were negative, and only one neutral. In total,
1012 intellectual property interventions were found (an
average of more than one per project). When taking the
initial state (involves F in Table 5) into account, the most
common managerial intervention is F (detected 417
times), and it has a consistent positive impact on attract-
iveness. The least common origin is C (14), and it is
associated with a negative change in attractiveness. The
largest negative impact occurs for the abandonment of E
(15%), which was found 49 times. The mixed results ap-
parent in a visual inspection of Table 5’s coloring scheme
suggests that interventions on types of licenses do not
always come for good, and that there is always an im-
pact, although only exploratory not statistical here, on
attractiveness (the only exception is F to B). This rein-
forces the importance to carefully and strategically think
through the decision, as its impacts do not seem to be
irrelevant regarding associated changes in attractiveness.
Moreover, every intervention that targeted A, or origi-

nated from E or G, impacted attractiveness negatively.
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Also, although changing from C to B does not change
the project type of license in terms of the restrictions an-
alyzed in this research, it does impact attractiveness,
suggesting that stakeholders prefer AFL to MIT, for
instance, which makes sense as AFL was designed to
improve MIT and that was the reason to include it
separately in this study. However, the actual reasons for
such finding should be an object of future research, as it
suggests there is more to the licensing scheme as this
quantitative research captures.
Finally, going from G to B led to a reduction of 15%

on attractiveness. The dual-license option that G repre-
sents signals to projects’ stakeholders that the software is
suitable for a wider audience as this intellectual property
model can accommodate the interests of various
groups, being more market flexible (a generic strategy).
Moving away from this management model appears to
push attractiveness down, always, as mentioned before
(a focused strategy).

6 Results and Findings: the asymmetry of effects
and the statistical answer to RQ2
The lack of symmetry of effect is interesting and de-
serves further consideration. None of the types of licens-
ing schemas analyzed in this research escapes from this.
All the licensing schemas have asymmetric effects with
at least one other type of license. The most contradict-
ory type of license is B, which has symmetric effects only
with E and G. The least contradictory scheme is A, hav-
ing the opposite effect on attractiveness only when B is
involved (see the superscript letters in Table 5). This
finding suggests that a match between licensing scheme
and projects’ specific stakeholders might exist, or the
direction of the effect of a given license would simply be
reversed depending on whether it is the source or the
destiny of the intervention. The suitability of one license
schema is likely to rely on the context of its adoption,
that is, on the momentary demands of stakeholders, and
thus no combination of license should be treated as ideal
in general, but only in specific according to stakeholders’
expectations on a project-by-project basis.
Now towards the statistically based answer to RQ2,

the results here reported were further analyzed. The
reorganized dataset with mean month-projects attract-
iveness per licensing schema was subjected to analysis
(see Table 4 for descriptive statistics). But, before getting
into the mean difference comparisons (t-tests), the
values for mean attractiveness for all the time were
considered. These results taken together signal that less
restrictive licenses are more attractive on average, as
dual license beats the academic unrestrictive schema
(e.g., MIT), which in turn is more attractive than the
GPL highly restrictive choice. The conclusion is that the
project attractiveness varies according to license schema

consistently. Of course, this analysis is basic in statistical
terms, but what is clear is that variations on attractive-
ness indicators are associated with the licensing schema
chosen by the FSP manager. The t-tests performed
below give further confidence on the answer of RQ2.
As explained before, for the mean statistical compari-

sons, the monthly data was aggregated to increase sam-
ple size, as explained before, and the mean differences
between each pair of licensing schema was calculated,
along with the standard deviation of these differences
and subsequent confidence intervals for statistical signifi-
cance determination. The results are presented in Table 6
below, which considers if the mean difference is significant
at 0.05 type I error with the Bonferroni correction proced-
ure applied (marked with *), and the effect size of each pair
of licensing schema based on Cohen’s D7 (marked with a).
According to the results shown in Table 6, one can see

that 11 out of 21 pairs are statistically significantly differ-
ent, using the most conventional statistical procedure to
control for inflated alpha in the context of multiple com-
parisons (Bonferroni). Out of this 11, 4 have effect sizes
between small and medium but significant according to
Cohen’s D famous suggested interpretations (higher than
0.2). This signals that the licensing schema is indeed asso-
ciated with the average numbers of web hits, downloads
and members a project can attract. These differences in
absolute numbers and effect sizes between schemas peaks
at the C-G pair, with a − 1.35 mean difference in favor of
the dual license schema when a project moves away from
the AFL license option. The rest of the results for each
pair of licensing schemas can be found in Table 6.
Overall, these statistical results and analysis on the

variations of attractiveness taken together allow for a
solid answer to the second research question posed here
in this paper of whether an intellectual property inter-
vention (a managerial change in licensing schema). The
licensing schema is indeed associated with variations at-
tractiveness level, not in all, but in many cases, having a
meaningful effect size in a few of them. In the next
section, the general conclusions are discussed based on
the answers found for both research questions, present-
ing directions for future research and guidelines for free
and open source software managers.

7 Conclusions: implications to research and
practice
This research focused on intellectual property rights inter-
ventions in free and open source software projects (FSP),
on licensing schema changes that regulate the distribution
allowances of the software source code under the hypoth-
esis that such managerial interventions would affect stake-
holders’ perceptions of value and thus variations of FSP
attractiveness before and after the managerial intervention
could be observed.
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To validate such theoretical expectation, data on thou-
sands of FSP over almost 4 years was filtered to identify a
sample of 756 projects that changed their types of licenses,
allowing then an empirical study of the various managerial
interventions detected in a period of 44 months. These vari-
ations were cataloged and organized to allow for compari-
sons of attractiveness changes grouped by the intervention
type, a finding so far missing from the free software litera-
ture. Moreover, further reorganization of these original
datasets allowed the comparisons of projects’ attractiveness
to verify whether the licensing schema adopted by FSP
managers were associated with the project performance
concerning attraction of developers, users and visitors,
represented by a liner combination of the numbers of mem-
bers, downloads and web hits. The classification schema for
the licenses adopted by FSP managers developed in this
paper also represents a step forward in the literature, as up
to now the reality of the adoption of various licenses with
apparent contradictory allowances to the source code (with
GPL and a public domain license, for example) was not
captured in previous research. The result is a more complex
but accurate classification, with of course pros and cons.

As for a general conclusion, the results indicate that
the legal terms specified in the license are indeed associ-
ated with project attractiveness, as an aggregated meas-
ure. This is in line with previous research, which led to
the expectation that the various business models pos-
sible with open source, expressed through their licensing
schemas, are related to their success regarding the at-
traction of users and developers [10, 12, 26]. However,
moving beyond the previously published literature, the
findings suggest the specifics of such generic hypothesis
are not well understood yet.
It has been found that changes in the software rights

of distribution, to be fully understood, cannot be treated
solely generically, as interventions vary in attractiveness
variations associated with them, being beneficial or not
depending on much more than what is known from
published literature on free software. This research is
the first to point that out, providing thus ground for
future (case/qualitative) studies to follow the lead and
explore the specific reasons for the license intervention
and the consequent increase or reduction in attractive-
ness based on stakeholders’ perceptions. Both projects

Table 6 Statistical tests for attractiveness mean differences

Paired differences of attractiveness t df p-value Cohen’s D

99% confidence interval

one MINUS another licensing schema Mean Std. Deviation Std. Error Mean Lower Upper

Pair 1 A – B 0.22 3.97 0.10 −0.02 0.47 2.33 1735 0.02 0.06

Pair 2 A - C*a 0.90 3.87 0.27 0.19 1.61 3.28 200 0.00 0.23

Pair 3 A – D 0.04 3.74 0.09 −0.19 0.27 0.50 1751 0.62 0.01

Pair 4 A – E −0.31 4.08 0.14 −0.66 0.04 −2.26 895 0.02 −0.08

Pair 5 A – F 0.03 3.91 0.09 −0.21 0.27 0.34 1749 0.74 0.01

Pair 6 A - G* −0.67 4.22 0.11 −0.95 −0.39 −6.24 1553 0.00 −0.16

Pair 7 B – C 0.39 3.44 0.25 −0.24 1.03 1.61 195 0.11 0.11

Pair 8 B - D* −0.38 3.57 0.05 −0.51 −0.24 −6.95 4356 0.00 −0.11

Pair 9 B - E* −0.57 3.84 0.13 −0.91 −0.22 −4.26 829 0.00 −0.15

Pair 10 B - F* −0.32 3.95 0.06 −0.48 −0.17 −5.44 4419 0.00 −0.08

Pair 11 B - G*a −0.90 4.19 0.11 −1.18 −0.62 −8.22 1458 0.00 −0.22

Pair 12 C – D −0.06 3.44 0.25 −0.72 0.59 −0.26 186 0.80 −0.02

Pair 13 C - E*a −0.90 3.60 0.24 −1.53 −0.28 −3.77 224 0.00 −0.25

Pair 14 C – F 0.09 3.23 0.23 −0.50 0.69 0.40 197 0.69 0.03

Pair 15 C - G*a −1.35 3.79 0.25 −2.01 −0.68 −5.28 220 0.00 −0.36

Pair 16 D - E* −0.60 3.67 0.13 −0.93 −0.27 −4.70 817 0.00 −0.16

Pair 17 D – F 0.07 3.66 0.05 −0.07 0.21 1.28 4614 0.20 0.02

Pair 18 D - G*a −0.84 3.95 0.10 −1.10 −0.57 −8.17 1490 0.00 −0.21

Pair 19 E - F* 0.65 3.85 0.13 0.31 0.99 4.88 836 0.00 0.17

Pair 20 E – G −0.31 4.07 0.13 −0.65 0.04 −2.29 927 0.02 −0.08

Pair 21 F - G* −0.77 4.16 0.11 −1.05 −0.50 −7.20 1504 0.00 −0.19

*indicates significance at 0,05 with Bonferroni correction (<0,0023 = 0,05/21)
Cohen’s D calculated as mean divided by std. deviation. Superscript letter A means effect size between small and medium
Source: Authors own
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managers and stakeholders’ perceptions should be con-
sidered in these future research endeavors.
This future line of inquiry based on case/qualitative

studies would be able to shed light on the asymmetric
effects detected in the sample as well. Quite often an
intervention from one license to another did not have an
opposite effect when a change from another to one was
analyzed (a vice-versa comparison is not possible). Prob-
ably, FSP stakeholders have expectations related to an
occasional change that might occur in the license terms
of the free software they have the intention to adopt or
contribute. This means that depending on the current
license (the anchor), the effects of changing to one same
license might be different; and that the specific interests
of project stakeholders also matter (e.g., hardware pro-
duction or service sale). Managers should take that into
account when considering a license change.
FSP managers should be aware that the success of

their projects is linked with their choice of license, as
fewer market resources – the attention of users and the
labor of developers – might flow in their direction
depending on that. This means that managers must
understand who are the relevant stakeholders of their
application, what they want out of the software source
code, and attempt to meet their expectations, carefully
considering a change in the licensing only through a
direct negotiation with these stakeholders to avoid un-
wanted consequences. This research indicates that there
is no silver bullet concerning right licensing schema, or
business model, signaling the general hypothesis here
explored needs further elaboration.
Academically speaking, a contingent type of theory to ex-

plain the license schema impacts on attractiveness based on
context, perhaps stakeholder-based, needs to be developed.
To help guide future researchers in that direction, at this
moment, it is possible to highlight that a general strategy
(multiple licenses) appears to be superior to the specific li-
cense schema, as it perhaps accommodates stakeholders’
conflicting interests better. This would explain the notice-
able trend to adopt the “various licenses” strategy, and dem-
onstrates how important it is to improve the classification
schema previously adopted in the literature.
In conclusion, intellectual property interventions are not

always beneficial for a free software project, but almost in-
variably are associated with attractiveness variations. Ac-
cordingly, FSP managers should be aware of the importance
to carefully select and change the type of license for FSP to
(continuously) succeed as a result of a growing market inter-
est in the application and its source code. Nevertheless, such
intervention decision should not occur unaware of the
specific project under consideration and its stakeholders’
intentions with the software in the future.
Nevertheless, methodologically speaking, future re-

search must persist in pursuing the license-attractiveness

relationship, analyzing this longitudinal type of data with
more advanced inferential statistical techniques, such as
structural equation modeling, to explore and understand
the causal relationships better and even more rigorously.
The t-tests with the Bonferroni procedure applied here is
a basic and reliable choice for the problem at hand, but
analytical improvements are possible and welcome for a
collective, scientific communication towards knowledge
accumulation. Another downside of this research is its
sample, which was restricted to Sourceforge.com projects.
Nowadays there are many other free software repositories
that could be considered. Nevertheless, the findings here
reported are likely to be constant across these repositories,
a hypothesis that future research can verify as well.
Finally, the measures of attractiveness here adopted

are another point of improvement to be performed by
future research. Only number of web hits, downloads
and members were utilized, but other various measures
are possible. For example, one could use market share as
an alternative, or survey methods, to evaluate attractive-
ness subjectively. Moreover, attractiveness is probably
the consequence of many things besides the license
chosen by the project manager, and so other factors
should be considered in future research. In this paper,
this endogeneity issue was dealt with a sampling proced-
ure that identified projects of various kinds and level of
maturity, thereby controlling for some of those effects.
Additionally, the results here discussed appear complex
but seem to be a more accurate representation of FSP
reality. As such, they are in themselves not fully under-
stood, and so future research should use the same data-
set, made available along with this paper, with different
analytical and theoretical approaches to shed more light
on these projects behaviour over time.

8 Endnotes
1http://www.gnu.org/gnu/initial-announcement.en.html
2http://www.nber.org/papers/w9363
3http://dl.acm.org/citation.cfm?id=2597116
4http://flossmole.org/
5http://www3.nd.edu/~oss/Data/data.html
6http://thestatsgeek.com/2013/09/28/the-t-test-and-ro-

bustness-to-non-normality/
7http://nrs.harvard.edu/urn-3:HUL.InstRepos:11718205
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