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ABSTRACT
Open-source software (OSS) projects have become a cornerstone of

the software ecosystem, offering numerous benefits to developers

and end-users alike. However, ensuring the long-term sustainabil-

ity and success of OSS projects is challenging, requiring effective

community engagement and mentorship. Previous studies have

demonstrated that OSS projects benefit from having a larger num-

ber of members and an active community, as measured by commu-

nication and code contributions. The sustainability of OSS projects

must require an effective approach to community governance. In

the projects of the Apache Software Foundation Incubator (ASFI),

voting plays an important role in community governance, which

makes the decision-making process transparent and democratic.

Therefore, our study aims to investigate the association between the

voting process during the incubation period and the final outcomes

of projects (graduated or retired) within ASFI. In this paper, we

conduct a comprehensive analysis of the voting process in the ASF

projects based on a large-scale data set of the mailing list from 272

sustainability-labeled ASF Incubator projects. We compute various

metrics related to voting and investigate whether there are sig-

nificant differences between graduated and retired projects based

on these metrics. We also employ an approach to detect episodic

changes based on these voting metrics. Our objective is to examine

whether episodic changes in the voting process have a significant

impact on the sustainability and success of the project. Our findings

reveal that the voting process in the ASF Incubator is closely related

to project outcomes, with graduated projects generally exhibiting

higher interest and more stability of voting. In practice, these re-

sults can help practitioners and project mentors better understand

the impact of the voting process on OSS project outcomes and in-

form strategies to foster a more conducive environment for project

success and sustainability within the ASF Incubator and beyond.

CCS CONCEPTS
• Software and its engineering→ Open source model.
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1 INTRODUCTION
Open-source software (OSS) has become a critical part of software

development, makingmany projects successful through community-

driven efforts. The sustainability of an OSS project requires the

contribution of many developers and effective governance. Previ-

ous experiences show that well-governed communities are more

likely to achieve long-term success [10]. To implement effective

governance, many OSS projects build standard principles that en-

courage conversation and community building. However, there

are still many OSS projects that fail due to the lack of effective

governance mechanisms [8].

To address this challenge, the Apache Software Foundation (ASF)

has established the Apache Software Foundation Incubator (ASFI).

As one of the most well-known OSS foundations, ASF has incubated

a large number of OSS projects by ASFI. ASFI provides a supportive

environment for new OSS projects to grow and develop under the

guidance of experienced mentors, fostering a strong and vibrant

open-source community. It has become an effective way to promote

the sustainability of OSS projects and help foster a strong and

vibrant open-source community.

Voting is one key means of community governance in the ASFI

projects. It is the approach for the members of the ASFI project to

reach a consensus, which is a core task for the OSS community. The

voting process involves a series of formal votes by the members in

the ASFI projects, including mentors, contributors, and members of

theASF’s board of directors. These votes are used tomake important

decisions, such as adding a new feature or determining whether

the project is ready to graduate. By voting, the decisions in an OSS

project are made in a transparent and democratic manner with all

community members. This helps to build trust and collaboration

within the community, which is essential for the long-term success

of an OSS project.

Some previous studies have studied the sustainability of the ASFI

projects by considering some social and technical factors [34, 35].

However, no empirical studies have been conducted to investigate

how the voting process affects the governance of ASFI projects.

In this study, we collected 56,972 voting-related emails from 272
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ASFI projects. Based on the collected data, we explored the impor-

tance of the voting process in the sustainability of ASFI projects by

answering the following research questions:

RQ1. Are there significant differences in voting measures
between graduated projects and retired projects? Likewise,
what are the influential voting metrics on the outcome of
the projects?
We aim to understand the differences in voting activity between

graduated and retired projects. This will help us determine whether

a transparent and democratic decision-making process positively

impacts the project sustainability. By analyzing the voting metrics

and their impact on the outcome of the project, we will gain insights

into the effectiveness of community participation and governance

mechanisms.

RQ2. What is the impact of voting metrics on other project
performancemetrics, such as release times and activitywithin
the last few months of the incubation?
Building on the findings of RQ1, the second research question delves

into the impact of voting metrics on other project performance met-

rics, such as release times. By examining the relationships between

voting activity and these performance metrics, we can better un-

derstand the driving forces behind successful voting activities and

how they affect various aspects of project development. We find

that various types of voting activity have influential impacts on the

defined performance metrics.

RQ3. Are there episodic changes in the voting process of
projects during their incubation? How do they differ between
sustainable projects and others?
Following the investigation of RQ2, we perform a more comprehen-

sive study on the time series of the voting activity to examine the

impact of episodic changes on project sustainability. The third re-

search question focuses on the temporal patterns of voting activity

and how they evolve throughout the incubation period. We detect

the episodic changes and their change intervals. The findings of

RQ3 indicate that episodic changes in voting activities do have a

significant impact on project sustainability.

In summary, our paper makes the following contributions:

• We collect a dataset of hundreds of ASFI projects, including their

basic information and the corresponding mailing list. All these

projects are externally labeled as sustainable or not. We provide

a replication package to foster future work, in line with good

research practices
1
.

• We conduct a deep analysis of voting metrics on the ASFI projects

to investigate the differences and significance between graduated

and retired projects and identify the important voting metrics

related to the project outcome and other performance metrics

(e.g., the number of releases).

• We apply the approach of episodic change detection on the voting

metrics, and find that sustainable projects adapt better to the

changes and handle them more appropriately.

1
https://figshare.com/s/db3a1c050e7a7ef1fb63

2 BACKGROUND AND THEORIES
2.1 Apache Software Foundation Incubator
As one of the most famous OSS foundations, the Apache Software

Foundation (ASF) provides a collaborative and open environment

for the development of high-quality OSS software. One of the key

initiatives of the ASF is the Apache Software Foundation Incubator

(ASFI), serving as a starting point for new OSS projects that want

to become part of the Apache community. Under the guidance of

experienced mentors, the ASFI offers a supportive environment

for young projects to grow. If an ASFI project becomes a top-level

project of ASF or a subproject of other existing ASF projects, it will

be graduated, otherwise retired. The ASFI plays a crucial role in

building some important principles to ensure the sustainability of

new OSS projects, including constructing a strong and diverse com-

munity of contributors, maintaining a clear and well-documented

codebase, and establishing governance structures that allow for

effective decision-making and conflict resolution, etc.

2.2 Apache Voting Process
Voting is an important way of project governance and decision-

making in the ASFI projects, and is used to make important deci-

sions in ASFI projects, such as procedural issues, codemodifications,

releases, and graduation
2
. The voting process in an ASFI project

involves a series of formal votes by project members including

mentors. Through voting, the project communities can avoid con-

flicts and reach consensus. The voting process in ASFI projects is

usually as follows: First, to reach a consensus across the project

community on some important things (e.g., adding features), a vote

needs to be initiated. Then, project members cast their votes using a

+1 (positive), 0 (neutral), or -1 (negative) system. Finally, the result

of the voting is determined based on the majority or a predefined

threshold. The voting process is conducted via email.

The voting process is critical to the sustainability of the ASFI

projects. First, it ensures transparent and democratic decision-

making with community input, fostering trust and collaboration.

Second, it ensures projects meet Apache’s standards for long-term

success, granting access to resources and support upon graduation.

Finally, it establishes governance structures, including decision-

making and conflict-resolution mechanisms, to manage complex

issues in community-driven software development.

2.3 OSS Projects Sustainability
While OSS projects are incredibly successful, they also face unique

challenges when it comes to sustainability. Because the code is

open and freely available, there is no single owner or company that

is responsible for maintaining and supporting the project, as indi-

viduals who cannot be easily excluded from using shared natural

resources often have little incentive to contribute to the produc-

tion or maintenance of these resources [24]. Instead, the burden

of sustainability falls on the community of contributors who work

on the project, often in their spare time and without any financial

compensation.

Project sustainability becomes increasingly important in enter-

prises [26]. Sustainability in OSS projects involves building diverse

2
https://www.apache.org/foundation/voting
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Table 1: Extracted voting metrics

Metric Name Description
all_total_votes Total number of votes (both ‘yes’ and ‘no’) from all members

all_yes Total number of ‘yes’ votes (indicating support) from all members

all_no Total number of ‘no’ votes (indicating opposition) from all members

all_vote_times Total number of voting events from all members

all_vote_results Total number of emails about the conclusion of the voting result from all members

all_votes_per_month Average number of votes (both ‘yes’ and ‘no’) from all members per month

mentor_total_votes Total number of votes (both ‘yes’ and ‘no’) from mentors

mentor_yes Total number of ‘yes’ votes (indicating support) from mentors

mentor_no Total number of ‘no’ votes (indicating opposition) from mentors

mentor_vote_times Total number of voting events from mentors

mentor_vote_results Total number of emails about the conclusion of the voting result from mentors

mentor_votes_per_month Average number of votes (both ‘yes’ and ‘no’) from mentors per month

communities, maintaining well-documented codebases, and estab-

lishing effective governance structures. Success and sustainability

are related in many aspects, but they are distinct concepts[36].

OSS success is measured statically, while sustainability is measured

dynamically[34]. Sustainability places greater emphasis on social

and human factors, such as collaborative decision-making and a

welcoming atmosphere, as opposed to technical aspects like code

quality or innovation. Research into OSS project sustainability can

present actionable insights for project maintenance[27].

3 METHODOLOGY
In this section, we presented our data collection and introduce our

method to analyze the data we retrieved to give an answer to the

RQs we presented above.

3.1 Data Collection
First, we collect the ASFI project list from Apache Project Podlings

3
.

Also, we extract the basic information for each project, including

the status (i.e., graduated, current, and retired), the date of entering
and exiting (if exists) the incubator, and the mentor list. Then, we

implement a web crawler using the Python selenium package to

automatically download themailing list for the ASFI projects, which

contain different channels for specific purposes (e.g., development,

commit submission). Our web crawler can retrieve the emails of

a project channel on a monthly basis. Finally, we use Grimoirelab
Perceval4, which is an OSS tool for gathering data from software

repositories, to store our collected data. The data in our study were

collected at October 2022, containing 339 projects in total. Among

these projects, 231 projects have graduated, 72 have retired, and

36 are still in incubation. Our study only focuses on the graduated

and retired projects.

However, we find that many projects have graduated or retired in

a pretty short time due to some external reasons such as becoming

a plugin or subproject of another project, so we exclude them from

our study. For example, the Merlin project only existed in the incu-

bator for only one day and had one release, then it was integrated

by the avalon project (an early Java Apache Server Framework) and

3
https://incubator.apache.org/projects

4
https://github.com/chaoss/grimoirelab-perceval

labeled as a graduated project. Besides, we also filter the projects

that have very few or no records on the mailing list. An example

is cotton project which has few mails in the mailing-list, it has just

one voting event to purpose retirement because of lack of activ-

ity. Finally, 272 ASFI projects remained, including 218 graduated

projects and 54 retired projects. Among these projects, there are

1,095,261 email records and 2,912,877 commit records.

Then, we identify the voting-related emails from the collected

emails, which cover three different kinds of voting events:

• A formal call for votes start a voting event and simply describe

the content of the proposal. We used a regular expression to

identify the emails whose subject contains the keyword “[VOTE]”

but does not starts with “re” (indicating a response to a previous

message).

• Votes cast by projectmembers are corresponding to the emails

that respond to the emails that call for votes, i.e., the emails whose

subject starts with “re” and contain “[VOTE]”. Because in the ASFI

projects, members can only cast a vote by replying to the emails

that call for votes. Furthermore, we also identify the mentors’

votes according to the mentor list of the ASFI project.

• Conclusion of the voting result refers to the email that contain

the final result of a round of voting. The subjects of such emails

contain the keyword “[RESULT]”.

Finally, we collected 56,972 voting-related emails, including 6216

formal calls for votes, 49,278 votes and 1478 voting result conclu-

sions. Among the emails, 51,642 are generated in graduated projects

while 5,330 are generated in retired projects. Table 1 shows the list

of the voting metrics and the corresponding description.

3.2 Voting Metrics
To investigate the impact of the voting process on the final outcome

of Apache incubator projects, we extract several voting-related

metrics based on our collected data. Table 1 presents these metrics

and their corresponding descriptions.

First, we calculate some statistics of voting events over the entire

incubation process of a project. For each project, we count the

number of votes cast by project members (all_total_votes), which
indicates the overall level of the project community involvement in

decision-making. Moreover, we count the number of ”yes” and ”no”
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Figure 1: Some descriptive variables between graduated projects (left) and retired projects (right).

votes (all_yes and all_no), respectively. In the ASFI projects, votes

are represented as numbers between -1 and +1, with ‘-1’ meaning

‘no’ and ‘+1’ meaning ‘yes’. We compute the number of voting

events (all_vote_times) by counting the calls for votes. Similarly, we

compute the number of votes that reach an agreement by counting

the emails of the conclusion of the voting result (all_vote_results).
We find that not all voting events have such emails because of some

implied emails that disagreed with the vote or intercepted the vote.

Some of the voting events automatically terminate without a result

conclusion. So it might represent the activity of the whole project to

a certain extent. Finally, we compute the average number of votes

per month, which might indicate the activeness of project members

in participating in the governance of a project.

In the ASFI project, mentors are usually more influential than

common project members and their votes might have a greater

impact on decision-making. So, we compute the same votingmetrics

for project mentors, see the lower part of Table 1.

3.3 Data Statistics
In this section, we present some final statistics for our collected

data as shown in Figure 1. The metrics used in the plots reflect

the voting activity in some extent, and these metrics are part of

the metrics that have described before. We can see clearly that

graduated projects are more active in voting process. Moreover,

the voting activity in graduated projects is more fluctuating, which

means that some graduated projects have extremely high voting

activity. The selected metrics all have significant influence on the

sustainability of the projects (graduated or retired) since its p-value

(calculated by the Mann Whitney U test [22]) is less than 0.001.

In section 4, we will perform a more complex analysis on these

metrics.

3.4 Episodic Changes Detection
In this study, we want to perform a time-series analysis of the vot-

ing process of the ASFI projects. Previous studies have shown that

many OSS projects experienced large and episodic changes over

time [34]. Hence, we follow the study of Yin et al. [35] to identify

episodic changes based on some voting-related metrics. Their ap-

proach is based on the Cumulative Sum (CUSUM) algorithm [13].

The CUSUM algorithm is a well-established statistical method em-

ployed for detecting shifts in the mean or variance of a process or

system and has been widely used in various domains. The CUSUM

algorithm can be applied to analyze the monthly voting metrics

of the Apache Incubator projects, enabling the identification of

potential shifts in the voting patterns or project support. In our

study, we perform this algorithm on the monthly data of all the

voting metrics of all participation except ”all_votes_per_month”,
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Figure 2: Change Intervals detection result.

apart from that, we extract the monthly number of active voters as

”active_voters”. We define active voters as those who have voted at

least once within the last three months. By continuously monitoring

a sequence of monthly voting data points, the CUSUM algorithm

calculates the cumulative sum of deviations from a pre-determined

target value or reference level. When the cumulative sum surpasses

a predefined threshold, it might indicate a significant change in the

underlying voting process or community sentiment. This real-time

detection capability is valuable for applications that require ongo-

ing monitoring and swift responses to changes. Additionally, it uses

a drift parameter to penalize a long, flat drift[35]. The threshold

and the drift parameter are dynamically selected according to the

situation of each project, as referenced in previous research [35].

Figure 2 presents an example of change intervals detected based

on the monthly values of “all_yes” in Abdera project. In this fig-

ure, the upper part shows the time series of the monthly metric

value of a project in the incubation time, and the bottom part is the

cumulative sums of the positive and the negative change values.

When one of the values reaches the threshold, it marks the point

as an alarm point, it is also the start point of the episodic change.

And the episodic change ends when the specific value gets back to

normal. Apparently, the figure represents that the chosen project

occurred three episodic changes with regard to the specific metric

in the incubation time.

In summary, the CUSUM algorithm provides a robust and effec-

tive method for detecting shifts in the mean or variance of monthly
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voting metrics for Apache Incubator projects. By continuously mon-

itoring deviations from a target value and comparing the cumulative

sum to a predefined threshold, the algorithm can identify potential

changes in the voting process, providing valuable insights into the

factors influencing project outcomes.

4 RESULT
4.1 RQ1. Differences in voting measures
Motivation. In this section, we aim to analyze the relationship

between various metrics and the success and sustainability of open-

source software projects in the Apache Incubator. By exploring

descriptive statistics, and differences in voting activities, our study

seeks to understand the factors that contribute to the graduation

or retirement of projects.

Methodology. First, we compare the graduated and retired projects

by the descriptive statistics of the voting metrics. Then, we apply

the Mann Whitney U test [22] to measure whether the difference

in voting metrics between graduated projects and retired projects

is statistically significant. We also use Cliff’s delta [7]
5
, which is a

non-parametric effect size measure, to show the effect size of the

difference between the voting metrics of graduated projects and

retired projects.

Besides, we perform a correlation analysis to identify the high-

correlated voting metrics and build a regression model to measure

the importance of the voting metrics. To ensure a more robust

analysis for the regression model, we remove some of the metrics

that are high-correlated with the others by the correlation analy-

sis. We apply Spearman’s rank correlation test due to its increased

robustness when handling data that does not follow a normal distri-

bution [37]. In our analysis, eachmetric pair displayed a Spearman’s

rank correlation coefficient consistently below 0.7 [37], indicating

a moderate correlation between the variables under investigation.

Then, to model the relationship between the metrics and the final

outcome of the project (i.e., graduated and retired), we build a logi-

cal regression model, which is used in many previous studies [39].

Table 2: Statistics of graduated projects and retired projects.

graduated retired

metric_name mean±st.dev median mean±st.dev median

incubator_month 21.18 ± 14.07 17.0 39.44 ± 21.49 38.0

all_total_votes 200.0 ± 206.22 156.0 82.0 ± 81.14 65.5

all_vote_times 24.0 ± 24.82 17.0 12.0 ± 16.16 9.0

all_vote_results 5.0 ± 5.57 5.0 3.0 ± 4.12 2.0

all_yes 78.0 ± 76.64 59.0 27.0 ± 25.5 20.5

all_no 4.0 ± 6.48 2.0 1.0 ± 2.83 1.0

all_vote_per_month 12.59 ± 15.8 8.62 2.59 ± 3.08 1.49

mentor_total_votes 29.0 ± 27.18 25.0 19.0 ± 25.61 12.5

mentor_vote_times 1.0 ± 3.61 1.0 2.0 ± 6.63 0.0

mentor_vote_results 0.0 ± 1.0 0.0 0.0 ± 1.41 0.0

mentor_yes 10.0 ± 10.91 9.0 5.0 ± 6.16 4.0

mentor_no 0.0 ± 1.0 0.0 0.0 ± 1.0 0.0

mentor_vote_per_month 1.98 ± 2.68 1.32 0.77 ± 1.79 0.38

Results. Table 2 presents the statistics of the monthly voting

metrics in our collected data, including mean±standard deviation

5
Cliff defines a delta that is less than 0.147, between 0.147 and 0.33, between 0.33 and

0.474, and above 0.474 as negligible, small, medium, large effect size, respectively.

Table 3: Statistics of graduated projects and retired projects’
p-value and corresponding cliff’s delta.

metric name p-value cliff’s delta

incubation_month <.001 -0.53 (Large)

all_total_votes <.001 0.56 (Large)

all_vote_times <.001 0.47 (Medium)

all_vote_results <.001 0.37 (Medium)

all_yes <.001 0.63 (Large)

all_no <.001 0.33 (Small)

all_vote_per_month <.001 0.78 (Large)

mentor_total_votes <.001 0.35 (Medium)

mentor_yes <.001 0.43 (Medium)

mentor_vote_per_month <.001 0.56 (Large)

mentor_vote_times >.05 0.04 (Negligible)

mentor_vote_results >.05 -0.01 (Negligible)

mentor_no >.05 0.07 (Negligible)

and median. In terms of these voting metrics of project members,

projects that graduate from the incubator typically have a more

active voting process and higher voter participation. For example,

members in graduated projects tend to be more involved in decision-

making, as evidenced by the higher mean number of +1 votes (78)

compared to retired projects (27). Similarly, general voting partici-

pation in graduated projects is much more active and has a wider

distribution than in retired projects. For the voting actions taken by

mentors, we can see something different. Mentors tend to start and

end fewer voting events, which means that perhaps there might

exist a group of members who are appointed to be responsible to

check out the proposals, open a vote and end the vote. This can

also be seen from our manual inspection of some projects that most

of the vote events are proposed by a group of developers. So it’s

reasonable for a project’s proposals to be made by some core devel-

opers in the community and scrutinized by the mentors; this reason

makes more sense because apparently the mentors in graduated

projects cast more votes than in retired projects.

In summary, our data analysis reveals distinct differences in vot-

ing statistics between graduated and retired projects. This compre-

hensive examination lays the groundwork for further exploration

into the factors influencing Apache Incubator project outcomes.

Table 3 presents p-values and Cliff’s delta values for the voting

measures by comparing the ASFI graduated and retired projects. In

terms of the majority of voting metrics, the difference between grad-

uated and retired projects is significant except for several voting

metrics on mentors (e.g., mentor_vote_times, mentor_no). Further-

more, the effect sizes of the differences for most voting metrics are

not negligible. These findings suggest that there are statistically

significant differences between graduated and retired projects, indi-

cating that the voting metrics play an important role on the success

of ASFI projects.

Figure 3 shows the results of the correlation analysis. We re-

move four metrics (mentor_yes, mentor_total_votes, all_yes, and

all_vote_times) because the values of the metrics are highly corre-

lated with some other metrics. Table 4 shows the regression coef-

ficients of all the voting metrics for the logical regression model
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Figure 3: Correlation analysis of the metrics.

built for the outcome of the projects. As shown in the table, the

top four metrics that have the highest regression coefficient are

mentor_vote_results, mentor_vote_per_month, mentor_no, and

all_vote_results.

• Mentor_vote_results has the highest positive coefficient indi-

cating that an increase in the number of votes results concluded

by mentors positively affects project outcomes. The higher activ-

ity of this voting type might indicate that the mentors are actively

involved in the project’s decision-making and assessment pro-

cess. This could lead to better project guidance, resulting in a

higher likelihood of graduation.

• Mentor_vote_per_month has the second-highest magnitude

among the coefficients, suggesting a strong influence on project

outcomes. A positive coefficient implies that a higher frequency

of mentor votes is positively associated with project outcomes.

Activementor engagementmay result in better guidance, support,

and expertise, which are essential factors for project success.

• Mentor_no also has a positive coefficient for this metric, suggest-

ing that an increase in the proportion of ”no” votes by mentors is

associated with better project outcomes. It could be explained by

the fact that mentors who are actively voicing their concerns and

identifying issues are also providing valuable feedback that can

help the project team address problems and make improvements,

ultimately leading to a higher chance of project success.

• All_vote_results also has a positive coefficient. Projects with

more transparent voting processes and clear communication of

results are more likely to graduate. Projects with more transpar-

ent vote result emails may encourage active participation from

all community members.

Finding. The voting metrics have an influential impact on project

outcomes. Many voting metrics have a positive relationship with

the graduation of an ASFI project. Projects with active mentor

participation in voting events, clear communication of voting re-

sults, and transparent decision-making processes are more likely

to graduate.

Table 4: Regression coefficients of the voting metrics from
the logical regression model

metric name coefficient p-value

mentor_vote_results 0.0592 >.05

mentor_vote_per_month 0.0544 <.01

mentor_no 0.0340 >.05

all_vote_results 0.0249 <.001

mentor_vote_times -0.0201 >.05

all_no -0.0195 <.05

incubation_month 0.0092 <.001

all_vote_per_month 0.0069 >.05

all_total_votes 0.0008 <.05

Table 5: Descriptive statistics of graduated projects and re-
tired projects on the selected performance metrics.

graduated retired

metric_name mean ± st.dev median mean ± st.dev median

release_times 2.00 ± 2.83 2.00 1.00 ± 2.45 0.00

last_6_month_commits 1,822.00 ± 3,805.12 605.50 73.00 ± 296.96 5.00

last_6_month_developers 3,293.00 ± 4,162.32 1804.00 116.00 ± 157.20 59.00

4.2 RQ2. Voting metrics’ impact on other
performance metrics.

Motivation. In RQ1, we identify some voting metrics that have the

highest influence on the final outcomes of ASFI projects. In this RQ,

we are interested in the relationship between the voting metrics

and other performance metrics of the ASFI projects. Because we

find that a lot of the retired projects had to vote to retire at the end

of the incubation due to a lack of activity in the past few months

or they published too few releases.

By examining these relationships, stakeholders can better iden-

tify the areas where they need to focus their efforts to improve

project outcomes. Additionally, this analysis could help reveal the

significance of the voting process in shaping various aspects of

project performance and contribute to refining incubation processes

for open-source projects.

Methodology. To examine the impact of voting metrics on project

performance, we select the following metrics of the ASFI projects:

• Release_times: the number of releases published during the

incubation period.

• Last_6_months_commits: the number of commits extracted

from the mailing list during the last six months of the incubation

period.

• Last_6_months_developers: the number of developers involved

in the mailing list during the last six months of the incubation

period.

For projects with total incubation months of less than 6 months,

the time interval is the whole incubation period. release_time is a
measure of indicating the project productivity in the incubation

period directly, while the other two metrics indicate the activeness

and performance of a project at the end of the incubation. We use

a similar approach to investigate the relationship between voting

metrics and the selected performance metrics.
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Table 6: Regression coefficients of the selected performance metrics

Metric Name Coef. p-value Metric Name Coef. p-value Metric Name Coef. p-value

mentor_vote_results -0.0174 >.05 mentor_no 0.0161 <.001 all_no -0.0067 <.01

all_vote_results 0.0144 <.001 mentor_vote_results -0.0119 <.05 all_vote_results 0.0055 <.01

mentor_vote_per_month 0.0076 >.05 mentor_vote_per_month 0.0053 >.05 mentor_no 0.0053 >.05

all_no 0.0038 >.05 all_no -0.0033 <.05 all_vote_per_month 0.0034 <.001

mentor_vote_times 0.0020 >.05 mentor_vote_times 0.0020 >.05 mentor_vote_results -0.0030 >.05

(a) release number (b) last_6_month_commits (c) last_6_month_developers

Results. Table 5 presents the statistics of the performance metrics

on graduated and retired projects. As shown in the table, in terms

of all three performance metrics, the graduated projects have a

higher value than the retired projects. This suggests that successful

projects tend to have more active development and collaboration

during the incubation period.

Table 6 shows the top 5 regression coefficients of the voting met-

rics on release_number, last_6_month_commits, and last_6_month_
developers from the regression models, respectively. In these tables,

we sort the records by the coefficient values. As shown in Table ??,
the relationship between all_vote_results and the number of release

numbers is positive and statically significant. But the relationship

between the other four metrics and the number of release numbers

is not significant. This indicates that projects with more voting

results during their incubation period tend to have a higher number

of releases. This finding makes sense because if a project has more

voting events ending with a result email, it will have definitely

more proposals passed, resulting in more releases being published.

For the number of commits in the last six months of the incu-

bation period (last_6_month_commits), its relationship with men-
tor_no is positive and significant, indicating that projects with more

opposing votes from mentors are more likely to have increased ac-

tivity in the form of commits. This could be because the project team

is actively working on addressing the concerns raised by mentors.

On the other hand, the relationship between mentor_vote_results
and last_6_month_commits is negative and significant. One pos-

sible reason is the project’s decision-making process is complex

and time-consuming, which slows down the development process

and results in fewer commits in the late stage. The relationship

between all_no and last_6_month_commits is also negative and

significant, indicating that an increase in the number of negative

votes is associated with a decrease in the number of commits. This

might be because negative feedback potentially discourages the

project teams, leading to a decreasing number of commits.

For the number of developers in the last six months of the incuba-

tion period (last_6_month_developers), its relationship with all_no
is negative and statistically significant, indicating that projects with

more negative votes tend to have fewer developer interactions

engaged in the last six months of the incubation period. Nega-

tive votes might be a signal of potential issues or concerns in the

project team, making developers have no confidence in the gradu-

ation of the project. The relationship between all_vote_result and
last_6_month_developers is positive and significant, which shows

that a higher level of engagement in the voting process is associated

with the overall performance of a project. For all_vote_per_month,

Table 7: Statistics of monthly episodic changes.

graduated retired

metric_name mean ± st.dev median mean ± st.dev median

length_yes 3.13 ± 4.3 2.0 8.61 ± 7.0 7.0

count_yes 1.28 ± 1.77 1.0 3.37 ± 2.62 3.0

perc_yes 0.13 ± 0.15 0.08 0.21 ± 0.12 0.22

length_no 2.78 ± 3.78 0.0 3.81 ± 5.03 0.0

count_no 1.11 ± 1.48 0.0 1.49 ± 1.99 0.0

perc_no 0.11 ± 0.13 0.0 0.09 ± 0.1 0.0

length_total_votes 3.02 ± 4.39 1.0 8.33 ± 6.2 7.0

count_total_votes 1.23 ± 1.73 1.0 3.3 ± 2.49 2.0

perc_total_votes 0.11 ± 0.14 0.06 0.21 ± 0.11 0.22

length_vote_times 3.29 ± 4.61 2.0 8.3 ± 6.99 7.0

count_vote_times 1.28 ± 1.8 1.0 3.14 ± 2.72 3.0

perc_vote_times 0.13 ± 0.16 0.07 0.2 ± 0.14 0.2

length_vote_results 2.15 ± 3.67 0.0 5.11 ± 5.26 5.0

count_vote_results 0.87 ± 1.41 0.0 2.04 ± 2.12 2.0

perc_vote_results 0.08 ± 0.12 0.0 0.13 ± 0.12 0.15

length_active_voters 5.52 ± 5.52 4.0 10.14 ± 7.95 8.0

count_active_voters 1.49 ± 1.54 1.0 3.25 ± 2.46 3.0

perc_active_voters 0.25 ± 0.22 0.23 0.25 ± 0.12 0.27

the conclusion is the same. However, for the two mentor voting-

related metrics, the relationship is not statistically significant.

Finding.We find that efficient decision-making processes, increased

communication, and active mentor involvement in the voting pro-

cess positively influence project performance metrics. Negative

votes by mentors can be constructive to the progress of the project,

but the ones by others tend to be the barrier. These findings in-

dicate that voting metrics play a crucial role in determining the

performance of ASFI projects. Combining mentor feedback and

overall communication during the voting process can get higher

performance.

4.3 RQ3. Episodic voting changes and variations
Motivation. In a previous study, temporal persistence is exam-

ined to exist in the relationship between sustainability and some

change rates of specific actions [17]. In this RQ, we aim to investi-

gate the characteristics of the voting process based on the monthly

voting metrics during their incubation period. So, we follow the

approach of Yin et al. [35] to identify episodic changes based on the

monthly voting metrics and analyze how these changes may affect

the projects’ outcomes. As described in Section 3.4, episodic changes

are a type of organizational change that occurs infrequently, discon-

tinuously, and intentionally [9]. By detecting the change intervals

of each monthly voting metric and performing a time series anal-

ysis on voting metrics, we can get a deeper understanding of the
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Figure 4: Monthly trend of the number of active voters aver-
aged by all the projects (p-value < .001).
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Figure 5: Distribution of the change interval percentage

evolving nature of the voting process throughout the incubation

period and its implications on project outcomes.

Methodology. For the voting metrics, including all_yes, all_no,
all_total_votes, all_vote_results, all_vote_times, active_voters (see
Section 3.2), we calculate a monthly value for each project. Then, we

follow the approach of Yin et al. [35] to detect the change intervals

(see Section 3.4) and calculate three types of metrics based on the

detected change intervals:

• Length: The aggregation of length in the month of every change

interval on one metric averaged for each project.

• Count: The total count of change intervals for each project.

• Percentage: The proportion of the change interval “length” to

the total incubation time for each project.

For example, a project’s incubation time is 24 months and we detect

three change intervals on the all_yes metric with the corresponding

lengths 3, 2, and 4 months for it. So, the “length” metric (denoted

as length_yes) is equal to 9 months, the “count” metric (denoted

as count_yes) is equal to 3, and the “percentage” metric (denoted

as perc_yes) is equal to 37.5% (9/24). We present some statistics of

the three types of metrics to figure out the difference between the

change intervals in the graduated and retired projects.

Results. Table 7 shows the statistics of themetrics related to change

intervals. As shown in the table, we find that graduated projects gen-

erally experience shorter and fewer episodic changes (i.e., ”length”

and ”count” metrics). For the percentage of change intervals for

the voting metrics, graduated projects also exhibit lower values

compared to retired projects. The results on the metrics of change

intervals indicate that graduated projects experience a more consis-

tent voting process compared to retired projects. Such consistency

may foster a supportive and collaborative environment, enhancing

the chances of project success.

Furthermore, we show the results of the time series analysis on

the active_voters metric, as an example to illustrate the impact of

the voting process on ASFI projects. Fig. 4 presents the monthly

trend of the averaged number of active voters (active_voters) for
graduated and retired projects. The number of active voters in

the graduated projects is significantly larger than that in retired

projects (p-value < 0.001). This result makes sense and is similar to

the previous work that finds out graduated projects may be more

attractive to the developers[34]. As shown in this figure, the gap in

the number of active voters between graduated and retired projects

is significant at the beginning of the incubation period. But when

the ASFI projects run for a long time, this gap decreases rapidly.

This might be because attracting new contributors is difficult as

they can be affected by both social and technical barriers [29], even

though the ASFI community has established a set of specific rules

that emphasize providing mentorship to newcomers [30]. Based

on this finding, we believe that the more active an ASFI project is

in the early stage (e.g., with more active voters), the greater the

probability of it being graduated.

Figure 5 shows the distribution of the ratio of change intervals

on active_voters to incubation months, where the i-th element rep-

resents the proportion of projects with a ratio of change intervals

to incubation months. We observe that there are some differences

in the distribution for graduated and retired projects. The majority

of graduated projects have a change interval representing a small

percentage of their total incubation time. Approximately 39.91%

and 35.43% of projects have a ratio of change intervals to incubation

time within 0% to 10% and 10% to 20%, respectively. This suggests

that most graduated projects experience relatively short change

intervals. In contrast, retired projects have a different distribution,

with the highest proportion (43.86%) having a ratio of change inter-

vals to incubation time within the 20% to 30% range, followed by

29.82% in the 10% to 20% range and 19.30% in the 0% to 10% range.

Retired projects tend to have longer change intervals relative to

their incubation time when compared to graduated projects.

Finding. There are indeed episodic changes in the voting process

of projects during their incubation. Graduated projects tend to have

shorter and fewer change intervals than retired projects, which

may be indicative of a more consistently high activity level, which

also means active project management, efficient collaboration, and

timely issue resolution in graduated projects.

5 DISCUSSION
5.1 Case Study
To better understand the relationship between the Apache voting

process and the final outcome of the ASFI projects, we further

perform two case studies with different outcomes:

Case 1: Ariatosca is a project that offers an easily consumable

Software Development Kit (SDK) and a Command Line Interface

(CLI) to implement topology and orchestration specifications of
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cloud applications. It remained in the incubator for about 23 months.

During its incubation period, 11,657 emails including 2655 commits

emails and 9002 developers emails are generated. Considering these

data, Ariatosca is a very active project, yet it had a high probability

to be graduated [34]. However, it finally retired.

By analyzing its voting activities, we find thatAriatosca starts the
first voting event to publish its first release in the 11th month of the

incubation. In the next month, the project members voted for the

second release, and in the 17th month the third one. We noticed that

theAriatosca community rarely used the voting process for decision-

making although they often communicated by the mailing list.

After the voting event for the third release, the activities including

commits and communications suddenly decreased a lot. Six months

later, after a long time of inactivity, they decided to vote for the

retirement of the project. The voting email said “Given that the

project has not seen any activity over the past 5 months and all of

the active committers have no time for the project - this is a call

for Vote to retire the AriaTosca podling.”.

It appears that Ariatosca’s retirement was directly caused by a

lack of activity in the last month of the incubation. However, the

root cause behind the community’s inactivity might be that the

decisions in Ariatosca are not made in a transparent and democratic

manner. The Project Management Committee (PMC) of the project

mainly made decisions on their own, and very few voting events

are cast to ask the opinions of other project members. Based on

this case, we believe that the voting process is important to the

sustainability of ASFI projects.

Case 2: Flex is a highly productive, OSS application framework for

building and maintaining expressive web applications that deploy

consistently on all major browsers, desktops, and devices (including

smartphones, tablets, and tv). It stayed in the incubator for 12

months. During the incubation period, 20,175 emails including 2,934

commits emails and 17,241 dev emails are generated, indicating

that the project is very active.

In terms of the voting metrics, Flex is also active since there are

approximately 80 voting events and 1,500 votes cast by its project

members. The purposes of voting vary from determining the logo

color to the branching strategy and project release. In the voting

for graduation, 62 members were involved and the vote eventually

passed. Based on the findings of our study, a project with active

voting participation is more likely to be graduated

During the incubation period, the Flex project experienced a

stable trend in voting activities. Only a single episodic change is

identified for total_votes, vote_times, and active_voters, respectively.
As the project experienced fluctuations in voting activities, the

project members were able to quickly adapt to the changes and

maintain a high level of engagement and participation.

In summary, this case underscores the importance of an active

and transparent voting process in fostering a collaborative and

engaged community, which ultimately contributes to the long-term

success and sustainability of open-source software projects.

5.2 Implications
Based on the findings of our study, we discuss some implications

for different roles in the OSS community.

For project maintainers: As an effective mechanism for com-

munity governance, voting can help project maintainers foster

community-wide participation in decision-making. Project main-

tainers can leverage voting to accomplish various tasks (e.g., code

modification and procedural issues) to enhance the community’s

engagement. Additionally, according to the findings of RQ3, voting

at the beginning of the incubation time rather than after a period

of operation is much more useful in improving the sustainability

of a project. Hence, Project maintainers need to make the most of

voting mechanisms as much as possible at the beginning of the

incubation time. Based on the findings of RQ1 and RQ2, we find that

the votes from mentors are important. Thus, project maintainers

should try to attract more mentors to participate in voting, e.g.,

frequently asking them questions and listening to their opinions.

Finally, if there are many inconsistent opinions among the voting

results, project maintainers need to pay attention and conduct an

in-depth analysis to identify the reasons for this result.

For project members: When considering joining an open-source

community, project members should pay attention to the voting

mechanisms in place. A well-functioning voting system is indicative

of a project’s potential for success and sustainability. By observing

the community’s voting process, members can assess the level of

transparency and democratic decision-making which can help them

make informed choices about which project to join. When given

the opportunity to participate in voting, project members should

seize the chance to voice their opinions and contribute valuable in-

sights to the project. Engaging in the voting process not only allows

members to influence project decisions but also demonstrates their

commitment to the project’s success. Moreover, active participation

in voting can help members gain a deeper understanding of the

project’s goals and challenges, enabling them to contribute more

effectively. Project members can benefit from observing and learn-

ing from the voting behavior of mentors within the community. By

paying attention to how mentors express their opinions and make

decisions through voting, members can gain insights into effective

decision-making and communication strategies.

For researchers: Researchers can implement a tool or prediction

model to monitor the voting process in an OSS community. Such a

tool can evaluate the sustainability of the community by analyzing

voting metrics and detecting episodic changes. By tracking and an-

alyzing the voting activities, researchers can identify patterns and

trends that may impact the project’s success and help the commu-

nity implement strategies to improve decision-making and overall

project management. Studying the relationship between voting and

other factors in open-source communities (e.g., social-technical

factors or performance metrics) can enhance our understanding

of their interactions. By studying these relationships, researchers

can gain a deeper understanding of the complex dynamics within

OSS projects and identify ways to enhance community collabo-

ration and project performance. Furthermore, exploring how to

optimize voting mechanisms can provide further insights into the

open-source ecosystem. By examining the characteristics of suc-

cessful voting systems and identifying barriers to participation,

researchers can propose new strategies and techniques to foster

inclusive decision-making processes that strengthen the overall

health and sustainability of open-source projects.
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5.3 Threats to Validity
Internal validity Our study mainly focuses on the voting process

in the ASFI projects, which is just one aspect of the whole project.

There may be other factors influencing the success or failure of

projects in incubators that were not accounted for in the study,

such as some social-technical metrics. Then, although we use re-

gression models in our study, we do not use them to predict the

project sustainability. Deep learning models may have an outstand-

ing predictive ability for the outcome of the ASFI projects. Errors

or omissions in the data collected from Apache Incubator mailing

lists could also affect our analysis results.

External validity The dataset is based on the projects specifically

in the ASF Incubator which have certain labels to measure sus-

tainability. So, the findings may not generalize to all open-source

projects or accurately represent trends in the broader open-source

community.

6 RELATEDWORK
The existing literature provides a number of theories and measures

that have investigated OSS community governance and sustainabil-

ity, such as [1, 4, 6, 8, 16, 20, 23, 25, 28, 32, 34, 35, 38], Among them,

some of the studies focus on the impact of technical aspects on the

sustainability of OSS projects, and some mainly analyze the social

aspects, other than that many researchers combine the two aspects

together to perform a more comprehensive study. Nyman et al. [23]

analyzed the code forking mechanism and further explained the

impact of governance on project sustainability. Mezouar et al. [12]

focused on the features of social communications in Github Pull

Request and explored the corresponding impact on the project’s

sustainability. They also used a regression model to identify some

influential metrics. Capra et al. [6] argued that the governance

of software projects is a process to help developers engage them-

selves better in the projects. O’Mahony and Ferraro [25] studied the

technical features of the projects and made further analysis of the

projects’ governance policies. Yin et al. [34] use a social-technical

network to analyze the combined chemical reactions of the two

aspects and give a comprehensive analysis of the impact of social

and technical features on the sustainability of the projects, provid-

ing the ASFI projects are labeled as sustainable, they also build a

deep learning model to predict the label with the time series data.

In another study, they proposed the episodic change theory and

detected the episodic changes and corresponding change intervals

(CI) in social-technical aspects [35], and further analyzed the rela-

tionship between CI and governance policies and regulations. A

study compared the Apache Incubator to the Eclipse Incubator and

proposed a set of best practices for applying this kick-off approach

in newborn OSS projects [11]. The ability to attract newcomers

is viewed as a sign of project sustainability. Therefore, some stud-

ies analyze the ”good first issue” as it may make the project more

friendly for newcomers [2, 3, 18]. Some studies focus on the Long-

Term Contributors (LTC) of a project as LTCs can improve project

sustainability, by predicting whether newcomers will become LTCs

of a project [5, 14]. Additionally, some work analyzes developer

turnover and its impact on project sustainability [15, 33]. Cortazar

et al. [19] discussed the problem of developer turnover in software

development projects and the resulting productivity losses with a

methodology based on the amount of code contributed by a devel-

oper to measure the effect of turnover on software projects. Another

study examined the impact of four factors on the behavior of de-

velopers to stay in a project since it may make the project more

sustainable [21]. Valiev and Marat [31] explored the external factors

in OSS sustainability, the mechanisms behind them, and proposed

tools to make certain risk factors more visible. Though our work

focuses on the different aspects from the previous work, we use

some of the theories and methods to do the analysis as described

in Section 4.

7 CONCLUSION
We present a novel perspective on the factors influencing open

source project sustainability by analyzing data that include extrin-

sic sustainability labels from projects within the Apache Incubator.

By focusing on the decision-making process, the study reveals

that the voting activity differs significantly between graduated

and retired projects, suggesting that transparent and democratic

decision-making policies contribute to the long-term sustainability

of projects. We also identify some influential metrics that can be

useful for project members, especially mentors of the project to

better contribute to the project. Practitioners can improve their

decision-making abilities, organizational management and their

personal skills by positively impact the overall success and sustain-

ability of open source projects. This analysis of the Apache voting

process highlights the importance of fostering a collaborative and

democratic environment, enabling projects to thrive and contribute

to the broader open source ecosystem.
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