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ABSTRACT

While numerous open source projects operate on their own, others
decide to join well-established foundations such as the Apache
Software Foundation (ASF) and the Eclipse Foundation. Although
many studies have investigated the motivations of individuals and
companies contributing to open source, it remains unknown why
projects decide to join software foundations. In this paper, we study
the motivators behind the projects’ decision to join the ASF, the
geographical and organizational characteristics of these projects,
and the differences between projects in terms of their motivations.
To this aim, we analyzed 292 proposals submitted to ASF, and we
found that there is an increasing number of company-based and
Asia-based projects joining the ASF in recent years. Furthermore,
we found that more than half of the projects are motivated by the
desire to foster their community, strengthen the outcome of the
project, increase interaction with other communities, and boost
technical development. Our work shed some light on projects’ ex-
pectations from the ASF. Having this understanding can help foun-
dations to identify ways of supporting newly joined projects, while
the prospective joiners can better decide on whether ASF is the
right place for them by checking the alignment of their motivations
and motivations of projects that have joined in the past.
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LAY ABSTRACT

Open Source Software (OSS) is free to be used and modified by any-
one in the world for any purpose. Nowadays, OSS is widely used in
all kinds of products and hence plays an important role in our daily
life. For example, as the most used OSS, the Linux kernel runs on
85% of all smartphones. To create a better environment for OSS de-
velopers to collaborate and for OSS projects to grow, many software
foundations have been established, such as the Apache Software
Foundation (ASF). We have seen that many OSS projects joined the
ASF over the years. To join the ASF, OSS projects have to donate all
their assets to the foundation, adhering to the foundation’s rules
and culture. In this paper, we study why these projects decide to join
the ASF to understand their expectations from such foundations
so that the expected technical and non-technical support can be
provided to them. We identified their motivations by analyzing 292
proposals that these projects submitted when applying for joining
the ASF. We observed that more than half of the projects try to
join the ASF with motivations related to fostering a community,
strengthening the project’s outcome, increasing interactions with
other OSS projects in the ASF, and boosting technical development.

1 INTRODUCTION

Open Source Software (OSS) plays a crucial role in our society.
Because of its easy accessibility, it is attractive to many users, in-
cluding government, individual users, schools, or business units.
The importance and popularity of open source projects have mo-
tivated the creation of software foundations such as Apache Soft-
ware Foundation (ASF), Eclipse Foundation, and Python Software
Foundation [9], whose goals include providing a seal of quality,
improving the integration of related OSS projects into an entire
ecosystem, and providing support to newly open-sourced projects.
To enable the latter, many software foundations, such as OpenStack
Foundation and ASF Foundation, provide an incubation program
that fosters the development of projects through governance, while
minimizing the cost of potential failure.

Many studies have investigated the motivations of individu-
als [16, 34, 37, 38] and companies [5, 8] contributing to open source
software. It has been identified that individuals contribute to OSS
projects for career, kinship, fun, and learning [34, 38], while com-
panies contribute more for economic and technological reasons [7].
However, it remains unclear about what motivates an OSS project,
as a joint force of individuals or/and companies, to join software
foundations instead of operating on their own. For example, joining
a foundation requires donating the code to the foundation, adhering
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to the foundation’s rules and culture, and contributing towards the
foundation’s ecosystem of projects.

Studying the motivators behind the participation could help or-
ganizations wishing to open-source their project to better decide
whether joining a foundation would be beneficial for them and to
understand whether their motivations are commonly shared by
other projects. Conversely, software foundations would understand
what projects expect from them and how the foundations could
better provide the environment and assistance for projects to grow.
In addition, the insights into motivators can help researchers inves-
tigate how software foundations help projects achieve their goals
and how foundations might impact OSS development in general.

To this aim, we conduct an explanatory case study on the phe-
nomenon of projects wishing to join the ASF, the popular home
of more than 200 OSS projects. Projects that wish to donate their
code to the ASF must go through an incubation phase where incom-
ing projects adopt the Apache style of governance, infrastructure,
and operation. Projects that successfully graduate from the ASF
incubator (ASFI) can then develop further as ASF projects. To enter
the ASFI, projects must apply for admission with their proposals,
which are then reviewed by the Project Management Committee
(PMC) to decide about acceptance.

We are interested in understanding what kind of projects have
entered the ASFIL. Zhang et al. investigated the participation of
companies in the OpenStack Foundation and found that developers
from companies made far more contributions than volunteers [41].
Takhteyev et al. studied the geographical aspect of OSS projects on
GitHub, and identified that developers are concentrated primarily in
America and Europe [31]. A recent study by Wachs et al. shows that
more and more developers from Asia and Latin America have joined
the OSS development in the recent 10 years [35]. The geographic
and organizational composition may be of interest to projects that
consider joining the ASFI and can inform researchers about the
diversity of such ecosystems. To reach our goal, we studied the
projects and the drivers behind their decision to join the ASF. For
that, we collected the submitted proposals of 292 projects accepted
to the ASFI, and we aim at addressing the following questions:

RQ1: What are the primary organizational and geographical
characteristics of the incubatees of the ASF? By conducting a
qualitative analysis on the collected proposals, we identified the
organizational and continent information of projects. We found
that an increasing number of company-based projects have been
accepted to the ASFI in recent years and that the number of Asia-
based projects that entered the ASFI has shown a clear upward
trend since 2016.

RQ2: What motivates projects to join the ASF? We aimed at
identifying why projects join the ASF. We found 28 motivations
for participation in the ASF, which are grouped into 10 high-level
categories. We observed that more than half of the projects join the
ASF with motivations related to fostering a community, strength-
ening the outcome of projects, increasing interactions with other
communities, and boosting technical development.

RQ3: To what extent do projects have different motivations?
We assessed whether the motivations vary between company and
other projects, and the co-occurrence of projects’ motivations. We
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found that, proportionally, non-company projects are more moti-
vated to join the ASF due to re-organization, assistance, and external
stimulation than company projects are. Projects that want to build
their community typically also want to increase their user base.

As the main contribution of this study, the derived motivations
of project participation in the ASF shed some light on what projects
expect from the ASF, providing implications for foundations that
would like to improve their support for OSS projects and for projects
that consider joining the ASF.

2 THE APACHE INCUBATOR (ASFI)

The Apache incubator (ASFI), initiated in 2002, is the entry path
into the ASF for projects that want to be supported and encouraged
by the foundation’s efforts. In general, the ASFI is responsible for
filtering proposals about the creation of new projects, providing the
necessary infrastructure to create new projects, supervising and
mentoring the incubated projects, evaluating the maturity of incu-
bated projects, and deciding whether projects should be promoted
to an official Apache project or not [3].

The main goal of the ASFI is to help incoming projects to adopt
the Apache style of governance and operation (also called The
Apache Way!) and to guide them through the ASF services so that
they can become top-level ASF projects (TLPs). The life cycle of
projects in the ASFI is shown in Figure 1. In particular, to achieve
the aforementioned goals, the incoming project needs to go through
a series of steps starting with finding incubation mentors from the
ASF and preparing an incubation proposal.> Once the proposal is
ready, the incubation mentors send it to an Apache mailing list for
discussion. The Project Management Committee (PMC) then votes
on the proposal and if it is accepted, the project enters into the
incubation phase until graduation or retirement occur.

Graduation indicates that the project has successfully finished
the incubation phase and can continue as an ASF project. Retire-
ment occurs when the PMC decides to close down the project,
removing it from the ASF ecosystem. Typically, projects are retired
because of the lack of activity.? Retired projects no longer have
their activities within the ASF and may further develop outside the
ASF. Retirement may occur during the incubation phase (also called
incubating-retired) or after the graduation (graduated-retired). In
contrast, the projects that are graduated can further continue their
development in the ASF (graduated-continuing). Hence, projects
that were accepted to the ASFI at any particular moment in time
can have the status of incubating, graduated-continuing, graduated-
retired, or incubating-retired.

3 STUDY DESIGN

This section discusses the case study approach used by this paper
to investigate the characteristics of the ASF’s incubatees and what
motivates projects to join the foundation.

3.1 Data collection

The collection of projects’ proposals consists of three steps. First,
we identify all the projects that have been accepted to the ASFI

!http://apache.org/theapacheway/
Zhttps://cwiki.apache.org/confluence/display/INCUBATOR/New+Podling+Proposal
3https://incubator.apache.org/projects/
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Figure 1: Life cycle of projects in the ASFI.

and their current status (see Figure 1) from the list provided by the
ASF [1]. For each project, we record its full name, status, and dates
of starting the incubation, graduation (if applicable), and retirement
(if applicable). To identify projects’ status, we consult the list of
accepted projects provided by the ASF [1] and the projects’ website*
to distinguish between graduated-continuing and graduated-retired.

Second, we collect all the available proposals from the Incubator
wiki and the Incubator mailing list, both accepted and rejected ones.
Incubator wiki® is an archive of incubation proposals. We collected
the proposals from the Incubator wiki in December 2019. Since it is
not mandatory for a project to upload its proposal to the Incubator
wiki (even though it is recommended by the ASF6), the Incubator
wiki might not contain all the proposals. Therefore, to increase the
completeness of our dataset, we further collect the proposals from
the Incubator mailing list, where proposals might be discussed by
the ASF PCM members. To collect proposals from the mailing list,
we download all mbox files from October 2002 to January 2020
using the Python mailbox APL. We use “incubator” and “proposal”
as keywords to search in the emails’ subject.

Third, we merge the Apache project list with the two lists of
project proposals collected from the Incubator wiki and the Incu-
bator mailing list. In total, there are 476 projects. 346 of them are
listed in the Incubator wiki, 328 on the Apache project list, and 378
mentioned in the Incubator mailing list. 227 projects are found in
all these three sources and 7 projects are found on both the Apache
project list and the Incubator wiki. Figure 2 shows the relations of
these three lists.

For 234 (227 + 7) projects, proposals and status are available. 94
projects are found in both the Incubator wiki and the Incubator
mailing list but not the Apache project list, therefore, the informa-
tion about their status is missing. 73 projects are identified only on
the Apache project list and their proposals are missing. Further-
more, we noticed that some projects have been renamed during or
after incubation, resulting in inconsistency between their names on
the Incubator wiki and on the Apache project list. Based on these
observations, we augment the data using the following strategies:

o To identify the renamed projects, we first manually inspect the
description of projects on the Apache project list: e.g., one project
proposal referred to Optiq but the project was later renamed to
Calcite. Next, we search for the keywords “rename”, “renamed”,

4e.g., project ACE, http://ace.apache.org/
®Incubator wiki: https://cwiki.apache.org/confluence/display/INCUBATOR/Proposals
®https://incubator.apache.org/guides/proposal html
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Figure 2: Venn diagram showing the relations between ex-
tracted projects from three different data sources.

and “renaming” in the emails that we collected from the Incubator
mailing list. By applying these two steps, we identified 74 projects
that have been renamed.

To obtain the missing proposals, we search for the keywords
“Apache Project [Project Name] Proposal” on Google, which al-
lowed us to find proposals that are stored elsewhere (e.g., the
project’s website). In this way, we were able to identify proposals
for additional 38 projects.

To identify the missing projects’ status, we search for the key-
word “status” in the emails that we collected from the Incubator
mailing list and manually examine the returned emails. However,
we did not find any emails disclosing the status of these projects.

After resolving the renaming cases, we obtained 402 projects.
Among them, 292 projects have both status and proposal avail-
able, they were therefore used for the analysis of our RQs. 51
projects have the status of incubating-retired, 46 projects of incubat-
ing, 31 projects of graduated-retired and 164 projects of graduated-
continuing. The dataset contains the projects that entered the ASFI
at the earliest on 2003-03-15 and at the latest on 2019-12-09.

3.2 Qualitative analysis on projects’ proposals

To answer our research questions, four authors conducted an induc-
tive coding [30, 32], which is an approach that allows the research
findings to emerge from the interpretation of the raw data, on all
proposals found in Section 3.1. We describe each step below. All the
data of our qualitative analysis are hosted online’ for replication
or third party reuse.

Creating a preliminary list of codes. To establish a coding pro-
tocol and to create a preliminary list of codes, we randomly selected
20 proposals. Each coder was responsible for individually reading
each proposal of the sample, identifying the motivation of why the
project joined the ASF and attributing a code to each identified mo-
tivation. For each code, the person added the code and its definition
to their personal codebook. Then, the four coders met online and
discussed their codebooks by merging or splitting codes into more
codes, therefore, generating a unified list of predefined codes.
Next, each coder relabeled their proposals according to the pre-
defined list. We then created an agreement table, i.e., a table with
proposals in the rows and codes from the predefined list of codes

"https://doi.org/10.6084/m9.figshare.19105193.v1
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in the columns. We added the initials of each coder for each pro-
posal/code according to what each person individually coded. For
the codes that were assigned to a proposal by less than three people,
we discussed and solved the disagreements together in an online
meeting. In this step, more codes could be created or merged, lead-
ing to a codebook of 17 codes.

Conducting inductive coding on all proposals. After defining
the coding protocol and the codebook with a preliminary list of
codes, we coded all remaining proposals (excluding the 20 proposals
used to create the preliminary list of codes). To avoid bias and
misidentification of motivations, each proposal was coded by a pair
of coders. We switch the pairs by doing all possible combinations
of two coders out of four, resulting in six different pairs. As a result,
five pairs coded 46 proposals, and one pair coded 43 proposals.

To support the manual coding, we used a web application called
Labelling Machine 8. This tool allowed us to select the text frag-
ments that were related to motivations to join the ASF and attribute
a code to each fragment. New codes could be created. All four coders
had a common codebook, and every time a new code was created,
the person added the code and its definition to the unified codebook.
After everyone finished coding their proposals, we discussed the
updated unified codebook together and merged similar codes. As a
result, we identified 28 codes in this step. Additionally, 2,683 text
fragments were coded by the four coders across the 292 proposals.

Solving coding disagreements. After everyone finished coding
their proposals, we solved the disagreements in two parts. First,
each coder checked offline and individually the fragments that
only the other person of the pair of coders coded. The person
could either accept the labeled fragment or leave it to be discussed
online with the other coder part of the pair. Second, we had several
online sessions to resolve the remaining conflicts. That is, the pair
responsible for each proposal discussed each fragment that either
both coders classified with different codes or one of the coders
could not decide whether the coding was correct in the first step.
In case both coders responsible for a proposal could not agree,
a third person stepped in to solve the remaining conflicts. As a
result, 2,137 (out of 2,683) fragments were considered relevant in
this step. Among them, 474 fragments were obtained from the
automatic resolution because (i) two fragments were identical and
were coded with the same code and (ii) one fragment was part
of another fragment and they were coded with the same code;
1,062 fragments were obtained from the offline resolution by one
of the coders of the pair; 592 fragments were obtained from online
discussion by the two coders; 9 fragments were obtained from the
resolution by a third person.

Validating the inductive coding. To make sure that we have
consistently coded similar sentences with the same code, we ap-
plied the Jaro-Winkler text similarity approach [17] between the
coded fragments. If two fragments have a similarity score of at least
0.90 and different codes were assigned to such fragments, we then
checked them manually. For that, each one of the four coders went
through the fragments offline and individually and tagged if we
should leave the code as it is, add a new code, or discuss the code

Shttps://github.com/emadpres/labeling-machine
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with the other coders. Afterwards, the four coders had an online
discussion to decide the final code of each fragment.

Furthermore, we check if we missed labeling fragments from
the projects’ proposals. For that, we checked for codes with low
frequency, i.e., codes that were assigned to less than ten fragments.
In total, we found 15 codes that had low frequency and we verified if
there were other fragments in the proposals that we missed labeling
with such codes. For that, we manually analyzed all fragments
coded with each one of the 15 infrequent codes and we extracted a
list of keywords that commonly appeared in such fragments. For
example, one of the infrequent codes was “Co-dependency with other
Apache projects”. After manually analyzing the fragments coded
with such code, we observed that the keywords “aligned with”,
“alignment with”, “co-dependence”, “depend on” were often present
in the coded fragments. Then, we checked if such keywords appear
in the proposals’ body. If so, we extracted the fragment that has
such a keyword and assigned the respective code to the respective
fragment. Afterwards, the four coders manually analyzed whether
the newly extracted fragments corresponded to motivations to join
the ASF and if the code was correctly assigned to that fragment. As
a result, we found 62 fragments related to motivations in this step.
Hence, we have 2,199 (2,137 + 62) text fragments in total.

Conducting axial coding. With the final version of the codebook
with 28 codes, we conducted axial coding [36], which is a technique
used to synthesize and organize data into coherent hierarchically
structured categories of data, by grouping the codes into themes.
In total, the codes were grouped into 10 different themes.

Extracting projects’ organization and continent. To answer
our RQs, we also extract from the proposals if a project was donated
by companies, universities/research labs, universities/companies, or
private individuals. For that, two of the authors each went over half
of the proposals to extract the name of the donor in case the donor
was a company and/or a university/research lab. Then, each one
of the authors extracting the information exchanged the extracted
information (i.e., author1 validated the information extracted by
author2 and vice-versa) to guarantee that the extracted information
is accurate. For projects donated by companies and/or universi-
ties/research labs, we search for the name of the institution on
Google to identify the country of the companies’ main office. Af-
ter identifying the countries, we group the projects by continent.
Then, we cross-validated the extracted information between the
two coders. We excluded one project from our analysis in which it
was not possible to find information about the donor. Additionally,
two projects were donated by two companies on different conti-
nents. In that case, we consider both continents as “America & Asia”
and “America & Europe”.

3.3 Association rule mining

Each proposal may mention multiple motivations. Identifying the
co-occurrence of the motivations can help us to better understand
the incubatees’ expectations from the ASF. To this aim, we applied
association rule mining [4] to the motivations derived from propos-
als. An association rule is a rule of the form X = Y, where X and Y
are two disjoint sets of items (itemsets). The rule indicates that if a
transaction contains all items in X, then it is very likely that items
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in Y are also shown in the transaction. We consider each proposal
as a transaction, and the motivations derived from it as items. We
applied a statistical method that identifies significant associations
of rules based on Fisher’s exact test [19] and we adjusted the p-
value using Benjamini-Yekutieli [6]. The rules that have an adjusted
p-value smaller than 0.05 are seen as statistically significant.

4 RESULTS

In this section, we present the results for our research questions.

4.1 Projects’ organizational and geographical
characteristics (RQ1)

The total number of projects that have been accepted to the
ASF grew linearly over time. Figure 3 shows the cumulative
number of projects from different types of organizations that have
been accepted to the ASFI. We found that 175 projects (59.9%) were
donated by companies, and 117 projects (40.1%) were donated by
non-companies. We observe a slowdown in the number of individ-
ual projects entering the ASFI from 2012 on, while the company-
based projects continued growing in the same rapid, linear fashion.
In particular, the number of company-based and individual-based
projects grew at the same speed before 2012. Afterwards, only 24
individual-based projects have been accepted, compared to 106
company-based projects. In addition, university-research-based
projects increase only slowly in number over time. There is only
one university-company-based project which was accepted in 2016.
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Figure 3: Number of projects from different types of organi-
zations that have been accepted to the ASFI.

One possible reason for the continuously growing participation
from industry compared to individual projects is that the ASF has
gradually built a good reputation in the industry, attracting more
companies to submit their proposals. Another reason could be that
projects with industrial use cases are favored by the ASF, which
increases the acceptance rate of company-based projects.

America-based companies have been incubating since 2003
and are still the dominant type of incubators nowadays. Fig-
ure 4 shows the company-based and university-based projects that
have been accepted into the ASFI and their geographical informa-
tion. While America-based companies are dominant, we noticed
that its growth slightly slowed down since 2017, with fewer than

165

ICSE-SEIS’22, May 21-29, 2022, Pittsburgh, PA, USA

200 1 America

Europe

Asia

Australia

America & Asia
America & Europe

number of projects
g

-
S 2
S =
& &

2005
2006
2007
2008
2009
2010

g 2011
2012
2013
2014
2015
2016
2017
2018
2019

=2

Figure 4: Number of projects from different continents that
have been accepted to the ASFI.

5 new projects accepted each year. The number of Europe-based
projects is 7 times lower, although the trend for these projects has
been steadily growing In contrast, the first Asia-based project was
accepted in 2008, and the second one was five years later in 2013.
Only from 2016 on, the number of accepted Asia-based projects
has increased significantly, growing from 6 projects in 2015 to 11
projects in 2016. We identified three projects, based on Australia
(joined in 2013), America & Europe (joined in 2009), and America
& Asia (joined in 2013) respectively. No other continents were iden-
tified in the proposals.

RQ1 summary: Since 2012, company-based projects have
become dominant. Geographically, America-based projects
are the most dominant, being 7 times as common as other con-
tinents’ projects. However, the number of Asia-based projects
has shown a clear upward trend since 2016.

4.2 Projects’ motivations to join the ASF (RQ2)

We identified 28 low-level categories, which were grouped
into 10 high-level categories. Figure 5 shows the results of an-
alyzing the motivations that projects reported in the 292 studied
proposals. The gray boxes show the 28 low-level categories ob-
tained from the inductive coding. The number shown in brackets
indicates the number of projects that mentioned the correspond-
ing motivation in their proposal. The 10 high-level categories are
indicated by the white boxes. The number shown in these boxes
indicates the number of projects that mentioned at least one of
the low-level categories belonging to the corresponding high-level
category. Since a project can state multiple motivations in their
proposals, the number in the white box is not equal to the sum of
the numbers in the gray boxes.

As shown in Figure 5, more than half of the projects mo-
tivated their ASFI proposal with arguments related to the
high-level categories community, outcome, interaction, and
technical development. Among the low-level categories, commu-
nity building, community diversity, development process, user base
and expected collaboration are the top 5 motivations.
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Figure 5: Motivations to join the ASF.

Community. Four low-level motivations related to community
have been identified. Building a community via Apache incuba-
tion is the most frequent motivation (N = 252): “We believe that
the Apache brand will help us attract contributors to Stratosphere”
(project Stratosphere). 149 projects report that a healthy com-
munity is characterized not only by the number of contributors
but also by their diversity: “We hope that growing a diverse commu-
nity around the project will become a guarantee against the project
becoming orphaned” (project Crail). 83 out of these 149 projects
further specify the types of diversity that they would like to gain
in the proposals. 70 of these projects mention that they want to
“diversify the developer base by involving developers from other com-
panies, organizations and universities” (project NetBeans), trying
to reduce “reliance on a single organization” (project Tobago) and
“the concern of exclusive control [of a single organization]” (project
Servicecomb). The 13 other projects (out of 83) motivate that they
would like to engage developers from a broader range of domains,
which is considered to be useful, e.g., “to ensure that Falcon is de-
ployable for a broad range of scenarios” (project Falcon). According
to 10 projects (out of 83), diversity of expertise is also important:
“Grow the community to establish diversity of background and exper-
tise”(project Pirk). Apart from gaining diversity of technical skills,
7 projects (out of 83) mention that they would like to increase the
diversity of geographies, involving developers from different coun-
tries or regions. For example, project OpenOffice states: “We wish
to diversify this more, especially encouraging greater participation
from CJK,? India and South America’. Only one project mentions
that they would like to involve developers of different genders.

We observed that 66 projects were motivated to build a self-sus-
taining community within Apache. Project Airavata states that
community-driven development is more sustainable than other
drivers such as funding: “As a successful ASF project (after incuba-
tion), we will have created a community led, rather than funding
led, environment for the development of our software”. 27 projects
also indicate that by joining Apache they hope to gain expertise in
certain domains (e.g., graph databases).

9China, Japan, Korea
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Outcome. 129 projects mentioned in their proposal that the ASF
could help them to increase their user base by increasing their soft-
ware project’s adoption: “Currently, the primary goal is to widen the
user and developer base.” (project StreamPipes). Furthermore, 64
projects are motivated by the impact and contribution on the OSS
community. For example, the DataSketches project mentioned in
their proposal “We believe that having DataSketches as an Apache
project will provide an immediate, worthwhile, and substantial contri-
bution to the open source community, will have a better opportunity
to provide a meaningful contribution to both the science and engi-
neering of sketching algorithms”. Finally, 28 projects are motivated
by the visibility that the ASFI can bring to them. That means that
the ASF can help people to be aware of their project, increase their
networking: “by joining The Apache Software Foundation, we will
further boost the recognition and prestige of our product.” (project
Tinkerpop).

Interaction. This category groups four low-level motivations re-
lated to the interaction that the donated projects desire with other
ASF projects. Collaboration is one of the ways to interact with other
ASF projects. By incubating inside the ASF, 116 projects would like
to establish collaborations with other ASF projects: “We see the
two projects benefiting from each other’s experience of implementing
similar classes of algorithms and look forward to a fruitful exchange
of ideas between the two communities” (project Madlib). 52 projects
had already established a collaboration with the ASF projects prior
to applying for the ASFL By being part of Apache, they expected to
strengthen the existing cooperation. Three projects are also moti-
vated by the opportunities of networking, increasing their social ties
with ASF developers. Finally, sometimes incubation is motivated
not only by the ties between developers but also the dependencies
between the codebase of projects (N = 12): “During the course of
Blur development, a couple of patches have been committed back to
the Lucene project...due to the strong relationship...the incubator is a
good match for Blur” (project Blur).

Technical development. The low-level motivation of 130 projects
is to join the ASF to have an established development process, i.e.,
follow the Apache way governance model, have a meritocracy-
centric model, and a self-governed open-source community. For
example, the CarbonData project wrote in their proposal “Our ini-
tial goals are to bring CarbonData into the ASFE, [...], and foster a
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collaborative development model according to the "Apache Way".
Furthermore, 27 projects are motivated by the innovation that the
ASF can bring to their projects: “We envision accelerating innovation
under ASF governance in order to meet the requirements of a wide
variety of use cases for in-memory non-volatile and volatile data
caching programming.” (project Mnemonic). Finally, the goal of 25
projects is to improve their code quality by making their software
more reliable, robust, fault tolerant, and easy to maintain: “By also
bringing these resources closer to their origin we hope to improve
quality, freshness of the content and versatility (e.g. more language
options).” (project Training).

Platform. ASF is also considered by some proposals as an inde-
pendent and unified collaboration platform. As an independent plat-
form, it provides a way to formalize the neutrality of a project
(N = 61): “One of the reasons for our desire to move to the Apache
Foundation is to formalise this volunteering/contribution effort so that
it becomes obvious that it is not just the University of Manchester
that is contributing to the core code base” (project Taverna). This
neutrality is essential not only to attract independent developers
(project Milagro), but also to allow the community to make devel-
opment decisions based on actual needs:“Vendor influence and/or
proprietary implementations may limit the community’s ability to
choose the hardware and software for use in the datacenter” (project
CloudStack). In addition to the neutrality of ASF as a platform,
projects are also motivated by unification of the codebase (N = 27):
“This situation with separate codebases in separate source repositories
was causing confusion and coordination problems...the project should
[be] brought to the Incubator where it can grow in a more controlled
and yet less constrained manner” (project Chemistry).

Assistance. 58 projects join the ASF as it provides different types
of assistance. 41 projects mentioned that the ASF provides assis-
tance with legal aspects of software development, such as licensing
and intellectual property management. For example, the Tinkerpop
project wrote in their proposal “TinkerPop is interested in The Apache
Software Foundation for the legal support and protection it can offer
our developers. We believe that by joining The Apache Software Foun-
dation, our vendors, users, and contributors will feel more comfortable
in terms of legal protection”. Furthermore, 12 projects mentioned that
the ASF provides guidance on best software engineering practices
since they have experience as a foundation and with experienced
committers. For example, the Airavata project wrote in their pro-
posal “It is our desire, through the Apache Incubator, to take our
software engineering efforts to a higher level by learning from the sub-
stantial experience of appropriate Apache Committers.” Some projects
also mentioned that the mentorship in the development process
during incubation is very valuable to their projects: “The project
currently lacks sufficiently clear direction, leadership, and process; we
believe the project will benefit greatly from Incubator mentorship.”
(project ESME).

Nine projects mentioned that the ASF assists projects in learn-
ing about open source development. For example, the ESME project
mentioned in their proposal that “moving to the Apache Software
Foundation would enable the team to learn more about open source
project governance and to correct bad habits such as a tendency to use
our private Google group for discussion and a tendency not to record
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minutes during our team conference calls.” Finally, one project joins
the ASF to have financial support.

Preference. 15 projects joined the ASF because they believe that
the ASF has the same goal as their projects: “The ASF is the natural
choice to host the Dubbo project as its goal of encouraging community-
driven open source projects fits with our vision for Dubbo. ” (project
Dubbo). Nine projects mentioned that they are Apache enthusiasts
and they would like to join the ASF because of that: “We have been
enthusiastic users of Apache from the earliest hour (remember jServ
anyone?), and feel honored at getting the opportunity to join the club.”
(project Wicket). Finally, five projects would like to join the ASF
because their previous experiences were positive: “We have all had
experience working within the Apache community and benefiting
from Apache-released software, and believe the Apache community
remains the right home for this project.” (project MRUnit).

External stimulation. 15 projects are motivated to join the ASF
because other projects (normally from the same domain) are already
part of it: “The ASF is a natural host for HMS given that it is already
the home of Hadoop, Pig, HBase, Cassandra, and other emerging cloud
software projects.” (project HMS). Furthermore, in one case, the ASF
approached a project to submit the proposal: “In fact the LDAPd
Group was initially approached by Apache to submit an Incubator
proposal.” (project Directory).

Re-organization. This category groups motivations reported by
projects that were part of the ASF before, but like to join incubation
again (re-incubation). There are two scenarios where projects would
like to re-incubate. First, it happens when a project would like to re-
organize their ecosystems (N = 10) by merging: “...combine several
existing projects and teams currently working towards more or less
the same or overlapping goals” (project Rave), or splitting: “better
to be a separated project because...separation of concerns is good for
project governance” (project Hivemall). The second scenario of re-
incubation is when the projects were terminated by the ASF (i.e.,
retirement), discontinuing their development within the ASF, and
would like to reboot via the incubation, as indicated by five projects.

Infrastructure. Nine proposals report their motivations of do-
nation related to the infrastructure provided by the ASF'?. The
infrastructure includes, but is not limited to, the various machines,
mailing lists, version control systems, committer accounts, the dis-
tribution mirroring system, issue tracking systems, and technical
support for the use of ASF infrastructure. Particularly, five projects
elaborate the benefit that they expect to gain from the ASF release
infrastructure: “using the ASF’s worldwide mirroring system, we will
be able to deliver climate software broadly to the community as we
release it, rather than sneaker netting the software around or estab-
lishing our own point release infrastructure” (project Climate).

RQ2 summary: We identified 28 motivations grouped into 10
categories. More than half of the projects motivate their pro-
posals using the categories community, outcome, interaction,
and technical development.

Ohttps://infra.apache.org/
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4.3 Differences in motivations between types of
projects (RQ3)

To answer this question, we first analyze if there is a difference in
motivations in company projects vs. other projects (i.e., universi-
ties/research labs and private individuals), then we assess if the
co-occurrence of motivations to join the ASF can help us better
understand the incubatees’ expectations. For the latter case, we
apply association rule mining (see Section 3.3).

Proportionally speaking, we observe that non-company
projects are usually more motivated to join the ASF due to
its re-organization (statistically significant), assistance and
external stimulation, while the other motivations are more
common to company projects. Figure 6 shows the distribution
of high-level motivations for each type of organization. We present
the percentage of projects relative to the total number of projects
in each type of organization (y-axis) as well as the absolute number
of projects (number on top of each bar). To determine whether
the differences are significant, we computed for each high-level
motivation the Fisher’s Exact Test [19] with adjusted p-value using
the Benjamini-Yekutieli method [6] to validate the null hypothesis
“the motivation’s observed differences in proportions are indepen-
dent of a project being from a company or non-company”. As a
result, only the re-organization motivation is statistically signifi-
cant (p — value = 0.027). Our results concerning the motivation
technical development confirms previous research [8] that mentions
that company projects contribute to OSS for the technical develop-
ment gains, i.e., innovation and improving software quality through
bug reporting and testing.
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Figure 6: Percentage of projects relative to the type of or-
ganization and absolute number of projects from different
types of organizations for different high-level categories of
motivations to join the ASF.

Concerning the co-occurrence of motivations to join the ASF,
the results indicate that the projects that would like to build
a community in the ASF also would like to gain diversity and
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enlarge their user base. We found significant results for rules
community building = user base (p-value = 0.0102) and community
building = community diversity (p-value = 0.0102).

RQ3 summary: More non-company projects are motivated
to join the ASF due to re-organization, assistance, and external
stimulation than company projects. Furthermore, projects
that are motivated to join the ASF due to community building
are also motivated to increase their user base.

5 DISCUSSION

Our results show that there are more American projects than
European and Asian projects joining the ASF. Even if Ameri-
can projects are joining the ASFI since 2003 and they are dominant
compared to other continents, there is a slight slowdown in the
number of American projects joining the ASF since 2018. Interest-
ingly, the number of Asian companies are significantly increasing
since 2016. This result is expected since previous research shows
that most OSS contributors are located in America [31] and that the
number of contributors from Asia joining OSS projects is growing
over time [35]. We also found that more company-based projects
have been accepted to the ASF than projects from individuals
or universities. That might happen because an increasing num-
ber of companies are contributing to open source due to the open
innovation approach and cost reduction through opensourcing [5].

Interestingly, projects are mostly motivated to join the ASF
to build, diversify, and sustain their community. The tendency
is that open source projects with more contributors have higher
survival rates [33] and projects with fewer but more centralized
committers are more self-sustainable in the ASFI [39]. One of the
aspects that projects should consider when building a community is
a mentoring program to onboard new developers, since previous re-
search has shown that OSS projects with onboarding programs tend
to have high retention rate, productivity, quality, and diversity [15].

We also made some contradictory findings. Although 28 projects
mentioned that they would like to join the ASF due to the vis-
ibility that the Apache brand can give to them, the ASFI project
proposal template explicitly states that “an excessive fascination with
the Apache brand” is not a good motivation to join [2]. Similarly,
projects often expect to collaborate with other projects by join-
ing the ASF, yet joining the ASF by itself cannot be expected to
increase collaboration. Previous research has found that collabora-
tion is more likely to happen through prior social connections [11],
which can impact the projects’ survivability [29].

Finally, although projects might have different motivations
for joining the ASF, there might exist external factors that
impact the projects’ success in the ASF, making it difficult to
quantitatively link a project’s success with their initial motivation.
Yin et al. [39] have forecasted the survivability of projects in the
ASFI using a Long Short-Term Memory (LSTMs) model and features
involving socio-technical metrics. Then, the authors qualitatively
analyzed three projects that had either up or down turning points
in their sustainability trajectories.

To assess if projects were able to achieve their stated motivations
in practice or if any other factors impacted their success in the
ASF, we now contrast the motivations found in our study with the
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qualitative analysis of Yin et al. for the projects Commonsrdf, Etch,
and Ariatosca. The projects Commonsrdf and Etch are graduated
projects that almost failed according to Yin et al.’s analysis, and
Ariatosca is a retired project that almost succeeded.

A success case aligned with the initial motivations. The
project Commonsrdf joined the ASF with the goal to have a unified
collaboration platform: “...we think that in this phase of the project,
which focuses on the API design and actively involves the developers
of existing toolkits, it is better to have a more focused community and
infrastructure. ”, to have an established development process,
and to improve the code quality: “Part of the motivation for doing
the incubator process would therefore be to bring together the existing
Commons RDF community in the Apache Way, mature the AP, and
then gradually prepare the Commons RDF community for working
within the larger Apache Commons community’.

Even with such ambitious motivations in mind, the project had a
lack of commit and email activity in the first half of the incubation as
well as a decreasing trend in the number of active developers [39].
Additionally, in the month with the lowest graduation forecast
predicted by Yin et al.’s model, the PMC routinely requested the
project’s monthly report.!! Lastly, discussions in the mailing list
focused on the future of the project, with contributors mentioning
that the project had no longer a viable community. However, at
some point, a developer mentioned “there was a small group of 5 core
committers to begin with. As of right now, the number is 22. We’ve ac-
tually done pretty well”, after another developer suggested technical
directions saying “...if you actually tried to use this [algorithm] would
(i) hurt speed, and (ii) hurt the perception of speed... I'd be inclined to
go another step further and add a generic parameter” [39]. After this,
the community became more engaged and increased the develop-
ment activities. This is an example of a successful case, in which
the project graduated after having received technical directions on
how to continue the development.

External factors may impact the projects’ success. The Etch
project was motivated to join the ASF by the impact that the
project could have on the OSS community: “We expect that as Etch
becomes available, it will be seen as a very compelling technology and
others will begin to depend upon it”. However, Yin et al. observed
that there was a reduction in the number of senior developers and
commit activity during the incubation process. After many months
of inactivity, the project retired and the project mentor mentioned
in the mailing list that lack of diversity was the project’s main
problem since all developers were from the same company [39].
Even if eventually the projects’ contributors made a list of objective
to make the community thrive again, this example suggests that
projects might not be aware of what they need to succeed in before
joining the ASFI. Even though Etch wanted to increase its impact,
community diversity should also have been one of its motivations
to join the ASF, and a concrete action point to tackle, even early on
during incubation.

Finally, the AriaTosca project joined the ASF in order to have
an independent platform, increase their user base, build their
community, unify the collaboration platform, and have an es-
tablished development process. The project retired before achiev-
ing its goals because all senior contributors had left the project due

Hhittps://cwiki.apache.org/confluence/display/INCUBATOR/Reports
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to being too busy in their jobs [39]. That was a major problem
since even if newcomers wanted to contribute to the project, their
changes were never merged because the senior contributors were
the ones responsible for reviewing and merging new changes. In
this case, the project could not succeed and achieve its goals due to
the inability to build a community.

Based on our findings, we suggest the following implications for
both researchers and practitioners.

Implications for researchers. This work paves the road for
future research on investigating to what extent the motivations
identified in this study can be achieved in practice. In other words,
to what extent and how does a software foundation like the ASF
help projects achieve their expectations? What kind of projects
successfully achieved their expectations? How do projects’ moti-
vations relate to their success and failure in foundations? What
causes the retirement of projects? Future research could investigate
which external factors impact the projects’ success in the ASF.

Implications for software foundations. In this work, we found
what projects that join the ASF expect from the foundation. As a
consequence, foundations can create means to help projects achieve
their goals, as well as a way to measure if their goals are being
achieved in practice. Furthermore, future work could help deter-
mine for a given incubation proposal which motivations (e.g., com-
munity building) make sense for the candidate project, and might
stand a good chance of being achieved. In other words, how realistic
are the expectations, given a project’s current development process,
community, etc.

6 THREATS TO VALIDITY

As with any other empirical study, our study suffers from threats
to validity.

Construct validity. To identify the projects’ motivations, we coded
their incubation proposals. There is a risk that projects do not
necessarily express their real motivation in the proposals, hiding
their actual intent. Since our study is an explanatory study, we were
not able to analyze this threat in depth.

Internal validity. First, our results could be influenced by the
completeness of the data since the information and proposal of
these projects might be distributed across different data sources. To
increase the completeness of data (i.e., name, proposal, and status
of projects), we collected data from different sources. We obtained
the project list by crawling the Apache website, Incubator wiki, and
mailing list. We then resolved 74 renaming cases by manually in-
specting project descriptions and checking emails in the mailing list
of projects. In addition, for the project that does not have proposals
available in the data sources that we mentioned above, we search
them on Google to obtain the proposals stored in other archives
(e.g., the project’s website), which allows us to obtain proposals for
38 projects. Second, the coding we applied to the proposals is an
interpretive procedure. To reduce bias and misinterpretation, each
proposal was coded by a pair of coders. In case of disagreement
between the two coders, we involved a third coder to resolve the
conflicts. Third, when identifying the status of the projects, we
search keyword “status” in the mailing list of projects. It could
be possible that developers use other words when discussing the
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project status. Therefore, there is a risk that we might miss some
projects which have stated their status on the mailing list.

External validity. We limited our study to the projects of the
ASF. It could be possible that OSS projects have a different set of
motivations when joining other foundations. We expect that the
results obtained from the ASF can be a start point to investigate the
effect of the ASF in terms of helping projects achieve their goals.

Conclusion validity. The ASFI provides guidelines on how to cre-
ate the proposals!?. These guidelines include examples of successful
incubation proposals potentially causing the motivation arguments
of these proposals to be imitated by newcomers, increasing popu-
larity of the common motivations akin to the so-called “Matthew
effect” [24]. It is hard to estimate to what extent this could have
affected our results; while the current proposal preparation guide-
lines go back to 2019, similar documents might have existed prior
to this date.

7 RELATED WORK

In this section, we discuss related work about business and OSS
incubation and motivations for joining OSS projects.

7.1 Business and OSS Incubation

The concept of incubation has widely been practiced outside OSS.
Sherman et al. [28] found that incubated firms have significantly
lower rates of failure compared to non-incubated firms. Colombo
et al. [12] studied 43 new Italian technology firms and observed
the effectiveness of attracting high-quality human capital. On the
other hand, it has been shown in the same study that the input
and output measures of innovative activities are only marginally
different between incubated and non-incubated firms. Mas et al. [23]
found that incubators alone cannot affect the survival of firms.

A large body of studies has been performed to understand the
phenomenon of business incubation. Kemp et al. [21] studied the
advantages and disadvantages perceived by incubatees of an incu-
bator environment and the motivations of locating their firm within
an incubator. The primary motivation identified in this study is
to reduce the price of office space, rather than the business de-
velopment assistance provided by the incubator. However, after
operating their business within the incubator, the primary advan-
tage was the assistance in the development and growth of their
businesses. By conducting a systematic review, Hackett et al. [18]
concluded that the questions related to the success of incubation
and the survivability of incubatees are not sufficiently studied with
empirical methods because access to information regarding politi-
cally sensitive incubation failures remains challenging.

In the OSS world, the accessibility of project repositories and
mailing lists could enable the use of empirical methods to study the
success of incubation and the survivability of incubatees. Duenas
et al. [14] studied the number of committers of incubating projects
and their incubation time at the ASF and suspect that the most
critical variables that might impact incubation time and increase
project risks are the period of project inactivity, the engagement of
new committers, and the delivery of an early release with enough
technical impact. To facilitate further investigation of sustainability

2https://cwiki.apache.org/confluence/display/INCUBATOR/New+Podling +Proposal
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of incubatees, Yin et al. [40] provided a longitudinal dataset of the
ASF developer coding and communication activities by mining the
mailing list of ASF projects. By further collecting commit data from
repositories, Yin et al. [39] built models of project sustainability.
The authors found that the projects with fewer but more centralized
committers and those with more but distributed communicators are
more likely to sustain longer in the ASFI. However, these studies
do not focus on what motivates projects to join the ASF and how
the ASF helps projects achieve their goals.

Our study on the phenomenon of incubation in OSS explores
the motivation for joining the ASFI by analyzing the ASF publicly
available data (i.e., proposals). The derived motivations reflect the
goals and expectations of the donated projects, which serves as the
starting point towards understanding of the effect the foundation
on the development and growth of the donated projects.

7.2 Motivations in OSS development

Many studies have investigated individual developers’ motivations
of contributing to OSS projects [16, 34, 37, 38]. The derived mo-
tivators have been grouped into extrinsic and intrinsic aspects.
Extrinsic motivators are external factors given by the organiza-
tion to an individual, such as career advancement and learning.
Developers can also internalize extrinsic motivators in a way that
their behavior is perceived as a result of external force [13]. For
example, Ye et al. [38] theorize that learning is the main drive for
individual. OSS development provides a chance of learning to less
skilled developers. During this learning process, the contributors
develop a shared way of addressing problems. Eventually, less ex-
perienced participants can develop useful skills to compete in the
labor market. Indeed, according to Hann et al. [20], high-ranking
OSS contributors were paid high salaries by their employers.

In contrast to the extrinsic motivators, intrinsic motivators are
related to the need for satisfying the individual [37]. Several stud-
ies [22, 34] have argued that individuals are also motivated by the
altruistic nature of helping others or the intention of having fun.
Gerosa et al. [16] observed a shift of contribution motivations; ex-
perienced contributors often shift toward altruism, novices often
shift toward career, fun, kinship, and learning. Roberts et al. [26]
studied how differences in OSS contributors’ motivations relate
to differences in their participation, and how past performance
affects subsequent motivations in OSS communities. Interestingly,
the study found that developers’ performance and motivations are
interrelated; developers with higher status motivations appear to
be the more substantive contributors, and developers with higher
past-performance rankings tend to have a higher status motivation.

Several studies have focused on the motivators for companies to
join OSS development [5, 7, 10, 25, 27]. Andersen et al. [5] identified
that selling complementary services, building greater innovative
capability, and cost reduction through open-sourcing to an external
community are three main drivers for companies to contribute to
open source. Same as the motivator for individuals, the acquisition
of knowledge is also an important driver of companies’ contribu-
tion. Munir et al. [25] observed the value a company gained by
knowledge interchange with OSS projects in an open innovation
process. Bonaccorsi et al. [7] compared differences between the set
of motivations of individuals and those of companies and found
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that while joining OSS development, companies emphasize more
on the economic and technological reasons rather than many social
motivations that are valued by individual programmers.

8 CONCLUSION

In this study, we investigated the phenomenon of OSS projects
joining the Apache Software Foundation (ASF). We collected the
incubation proposal of 292 projects. Specifically, we studied the ge-
ographical and organizational characteristics of these projects, the
motivations for joining the foundation, and the difference between
projects in terms of their motivations. We observed an increasing
number of company-based and Asia-based projects joining the in-
cubator in recent years. As the main contribution, we identified 28
motivations for joining the ASF. These motivations are grouped
into 10 high-level categories. Among them, fostering a commu-
nity, strengthening the outcome of projects, increasing interactions
with other communities, and boosting technical development are
the most frequent ones. In addition, we also observed that non-
company projects are more motivated to join the ASF because of
re-organization, assistance, and external stimulation than company-
based projects. The results of this study provide insights into what
the analyzed projects expect from the ASF, which can be useful for
software foundations that would like to improve their support for
OSS projects and for projects which consider joining them.
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