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Abstract

Open-source software (OSS) projects have taken the software development industry rapidly by encouraging
cooperation, creativity, and knowledge exchange. However, despite the widespread adoption and success of OSS,
there is limited understanding of how contributions are distributed across different types of activities, such as
code, documentation, and issue triage, and how these contributions vary over time within different OSS
ecosystems. This gap in knowledge can impact effective project management and community engagement
strategies. To address this problem, we aim to look into the patterns of developer contributions within the three
main OSS ecosystems hosted on GitHub, namely NuGet, PyPI, and NPM. We examine the distribution of type-
based contribution and the trends of developer activities within these ecosystems. We classify contributions into
code, documentation, and issue triage using a mixed-methods approach that combines content analysis and time-
series analysis, and we analyze the timeline variations in contribution trends. Our results show differences in pull
request activity and developer contribution patterns between ecosystems. The ‘npm-expansion’ repository leads
in open pull requests, while the ‘warehouse’ repository in PyPI dominates closed pull requests. The NPM
ecosystem shows the highest number of activities when it comes to open pull requests. Notable peaks can be seen
in trends in code development and maintenance activities, indicating the changing priorities of various projects.
The findings shed light on the changes of OSS contributions and highlight the value of varied roles and ongoing
community involvement. The comprehension of contribution patterns in open-source software projects is improved
by this study, which also provides guidance for project management, resource allocation, and community support
strategies. The knowledge acquired can direct the creation of instruments and systems that support more
cooperative and productive open-source software ecosystems.

Keywords: contributions, developers, NPM, NuGet, PyPI.

1. INTRODUCTION GitHub, as a collaborative platform for software
projects, has become important in current software
development processes. They facilitate code reuse,
connection management, and collaboration [14], [15].
Moreover, platforms like GitHub not only function as
a location for collaborating on code, but also provide
a way for financially supporting open-source
software (OSS) developers with features like GitHub
Sponsors that motivate developers to participate and
contribute more to the projects [16], [17], [18].
Furthermore, the developer community on GitHub
illustrates the variety and complicated nature of
support within the open-source ecosystem [19][20].
Several previous works have investigated
various aspects of OSS development on GitHub,
including factors that influence motivation, patterns
of collaboration, and elements that contribute to
project effectiveness [21]. Although they found new
insights related to the contribution characteristics of
developers, there is still a need for a full analysis of
what developers have added to different package
repositories. Agrawal et al. [22] studied the impact of
“hero” developers, highlighting the risks of over-
reliance on key contributors. Bosu et al. [23] explored
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The impact of open-source software (OSS)
projects on the software development industry is
significant, as they foster collaboration, innovation,
and knowledge sharing among individuals. The
developers who contribute their time, knowledge, and
experience to open-source software (OSS) projects
are the motivation behind their growth and
sustainability [1], [2], [3]. The success of these
projects depends on the active involvement and
various contributions of developers, including tasks
such as coding, documenting, issue reviewing, and
giving support [4], [5], [6], [7], [8].

As the advancement of OSS projects grows, it is
crucial to understand the patterns of developer
contributions. This is particularly true for software
ecosystems such as NuGet, PyPI, and NPM, which
serve as primary hubs for developers to distribute and
apply reusable software components [9], [10], [11],
[12], [13]. Many developers with various
backgrounds have contributed to these ecosystems on
a collaborative coding platform, GitHub.
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the motivations and challenges of blockchain

developers, providing strategies for sustaining long-

term ecosystem health.

In addition, Casalnuovo et al. [24] analyzed
GitHub developer onboarding, emphasizing the
importance of language proficiency and existing
relationships in successful integration. Constantinou
and Mens [25] examined how social and
technological factors shape the Ruby ecosystem on
GitHub, aligning with our study’s goals.
Furthermore, Kononenko et al. [26] identified crucial
elements of code reviews, while Ortu et al. [27] found
that impolite requests can delay agile software
development projects. Joblin et al. [28] classified
developers into core and peripheral groups, and Dias
et al. [29] investigated the roles of personnel and
volunteers in  company-owned OSS projects,
increasing our understanding of diverse contribution
types.

Despite the valuable insights provided by
previous studies, there is limited understanding of
how contributions are distributed across different
types of activities (such as code, documentation, and
issue triage) and how these contributions vary over
time within different OSS ecosystems. This gap in
knowledge may impact effective project management
and community engagement strategies. Therefore,
this study aims to fill this gap by examining the actual
contributions made by developers to NuGet, PyPI,
and NPM repositories on GitHub. Specifically, we
investigate  the  distribution  of  type-based
documentation and how developer contribution
patterns vary over time within these ecosystems.

To guide our study, we formulate two main
research questions:

1. What is the distribution of type-based
documentation across NuGet, PyPl, and NPM
ecosystem?

2.  How do developer contribution patterns vary
over time in NuGet, PyPI, and NPM ecosystem?
The results show differences in developer

contributions and pull request activity across NuGet,

PyPl, and NPM ecosystems. The number of open and

closed pull requests varies among repositories, with

NPM’s ‘npm-expansion’ having the most open pull

requests and PyPI’s warehouse having the most

closed ones. The trend analysis shows significant
changes in code development and maintenance
activity over time. Some repositories, like

‘NuGet.Client” and ‘NuGetGallery’, peaked in

certain years, while others, such as ‘NuGet.Server’,

declined. PyPI’s ‘warehouse’ showed variations and
increases, and NPM’s ‘cli’ peaked in 2021, with

‘node-semver’ and ‘npm-expansion’ showing

significant fluctuations over the period.

The findings of this research provide an
understanding of the various methods through the
developers who contribute to open-source software
(OSS) projects and how these contributions changed
during the development process. This greatly impacts

managers, maintainers, and users who contribute to
open-source software (OSS) projects. Furthermore,
the knowledge acquired from this research can direct
the development of tools and platforms that improve
and facilitate various forms of contributions, leading
to more active and collaborative OSS ecosystems
[30], [31].

2. METHODS

This study applies a mixed-methods approach to
investigate the distribution and temporal patterns of
developer contributions across NuGet, PyPl, and
NPM ecosystems hosted on GitHub. Content analysis
is used to categorize contributions into types, that are
code, documentation, and issue triage, by examining
commit messages, pull requests, and issue
interactions. Time-series analysis is used to examine
the fluctuations in contribution trends across the
lifespan of repositories. The dataset is collected from
GitHub using the API and a tool, PyDriller [32].

In detail, we present this section including
research questions, data collection, content analysis,
and an online appendix.

2.1. Research Questions

2.1.1. RQ1. What is the distribution of type-based
documentation across NuGet, PyPI, and NPM
ecosystem?

Understanding the types of contributions made
by developers in different ecosystems can help to
highlight their unique roles. The distribution of
contribution categories across the NuGet, PyPI, and
NPM ecosystems provides valuable insights into each
community’s emphasis and priorities. For instance,
an ecosystem may prioritize feature development and
implementation if it obtains contributions that are
more code-centric than documentation modifications.
Conversely, a community that prioritizes user support
and problem fixes may be indicated by a higher
percentage of contributions related to issue analysis
and management. By analyzing these trends, project
maintainers can more effectively align their resource
allocation, recognition programs, and communication
methods with the specific needs and dynamics of their
own ecosystems.

2.1.2. RQ2: How do developer contribution
patterns vary over time in NuGet, PyPlI, and
NPM ecosystem?

Examining patterns in developer contributions
can give important information about the
development and status of open-source projects.
Through monitoring the changes in contribution
patterns over time, we can identify possible
fluctuations in contributor activity that could point to
times of higher community involvement or possible
difficulties. For example, an increasing number of
code contributions over time may indicate an
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established developer community and a healthy
project ecosystem. Understanding these patterns can
help project managers make better decisions about

community. By proactively addressing changes in
contributions, project leaders may develop a more
sustainable and stronger open-source community.
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Figure 1. The procedure of our study, from data collection to insight extraction

2.2. Data Collection

To facilitate our analysis, we extracted the data
from three most popular repositories based on star
ratings within the NuGet, PyPI, and NPM on GitHub
[33]. This process involves the GitHub API to obtain
relevant information, such as commit messages, pull
requests, and issue interactions, as shown in Figure 1.

To collect the commit messages, we utilized the
PyDriller tool to extract the commit history of each
repository. PyDriller enables the extraction of crucial
information such as the commit hash, message,
author, year, and the count of lines added and
removed for each updated file [32]. In addition, to
extract issue data and pull requests, we used the
GitHub API to fetch both open and closed issues for
each repository. This collected issue information
includes title, tags, status (open/closed), and
corresponding URLs. Similarly, we collect the
title,status, date, year, and the corresponding URL for
pull requests and save it to csv file.

This dataset is used in our investigation of
contribution patterns and time-series analysis. It
allows us to investigate the research questions and
obtain valuable information about the distribution and
temporal trends of contribution types in the NuGet,
PyPl1, and NPM ecosystems.

2.3. Content Analysis

2.3.1. RQ1. What is the distribution of type-based
documentation across NuGet, PyPI, and NPM
ecosystem?

To solve this RQ, we analyzed commit
messages, pull requests, and issue interactions from
the three most popular NuGet, PyPl, and NPM
projects based on GitHub stars. This study will
involve utilizing automated techniques to retrieve and
categorize data from GitHub pull requests, including
information about code changes, documentation, and
issues [33], [34]. The automated process consists of

fetching data from the GitHub API and organizing it
into structured formats such as CSV files and these
techniques enable efficient and scalable analysis of
large datasets by extracting relevant metadata.

Contributions to source code were detected by
looking at commit messages and pull requests that
included changes to files with programming language
extensions (e.g. .cs for C#, .py for Python, .js for
JavaScript). Documentation contributions were
recognized through commits and pull requests that
modified files commonly associated  with
documentation, such as README files, wiki pages,
and files ending in .md or .rst.

We separated open and closed issues based on
their state on GitHub. Open issues are ones that are
still unsolved and require action, whereas closed
issues have been fixed or addressed. Similarly, pull
requests were classified as open if they were still for
review or merging, and closed if they had already
been merged or closed without merging [35].

To find the distribution of type-based
documentation across the three ecosystems, we
quantified and analyzed the proportions of different
contribution categories among three repositories by
reviewing the data of contributions from each of
them.

2.3.2. RQ2: How do developer contribution
patterns vary over time in NuGet, PyPI, and
NPM ecosystem?

To investigate RQ2, we built a timeline of
contributions over the lifespan of each selected
repository. This analysis involved tracking the
average commit lines added and lines deleted. By
aggregating this data, we generated a visualization
that shows the evolution of contribution patterns
within each ecosystem. Furthermore, we also applied
time-series analysis techniques to uncover recurring
patterns [36]. Using data visualization, we aimed to
depict trends and fluctuations in contribution activity,
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such as the annual changes in lines of code added or
deleted , [37], [38], [39]. The goal is to more easily
understand the pattern of developer contributions in
the three analyzed OSS projects (i.e. NuGet, PyPlI,
and NPM).

With the use of this method, we were able to
identify the times when contributor interaction was
highest or lowest as well as any periodic trends. By
comparing the patterns across NuGet, PyPI, and NPM
repositories, we gain insights into how each
ecosystem changed over time, informing strategies
for community management and sustainability.

2.4. Appendix

To facilitate the replication and reproducibility,
the datasets used in this study and the results are made
publicly available on GitHub at
https://github.com/raiffaza/Havia-Research.

3. RESULTS

3.1. RQ1. What is the distribution of type-based
documentation across NuGet, PyPI, and NPM
ecosystem?

3.1.1. Commit and Issue

Table 1 compares the activity and engagement
levels across the NuGet, PyPl, and NPM ecosystems
by analyzing the distribution of commits between
source code and documentation, and the status of
issues. The NuGet ecosystem shows high activity in
the ‘NuGet.Client’ and ‘NuGetGallery’ repositories,
with a focus on source code development, while
‘NuGet.Server’ has an almost balanced distribution at
source code and documentation.

Table 1. Frequency of commits and issues from 9 repositories across 3 ecosystems

Ecosystem Repository Name Commit Issues
Source Code Documentation Open Closed

NuGet Nuget.Client 71.08% 28.92% - -

NuGet NuGet.Server 51.78% 48.22% - -
NuGet NuGetGallery 60.99% 39.01% 11.58% 88.42%
PyPI linehaul 66.81% 33.19% 50.00% 50.00%
PyPI stdlib-list 36.91% 63.09% 13.16% 86.84%
PyPI warehouse 37.27% 62.73% 12.92% 87.08%
NPM cli 54.32% 45.68% 15.61% 84.39%
NPM node-semver 49.91% 50.09% 11.11% 88.89%
NPM npm-expansions 1.80% 98.20% 23.38% 76.62%

In the PyPI ecosystem, the ‘warehouse’ and
‘stdlib-list” repositories are highly active with a
significant focus on documentation and many closed
issues, while ‘linehaul’ is less active in
documentation. The NPM ecosystem features an
almost balanced focus in the ‘cli’ and ‘node-semver’
repositories, with ‘npm- expansion’ placing a strong
emphasis on documentation.

3.1.2. Pull Request

1)  Open Pull Request

Table 2 shows the open pull requests in NuGet,
PyPl, and NPM ecosystems. The data indicates
varying levels of activity and contributions across

different repositories within each ecosystem.

Table 2. The total open pull request of 9 repositories between 2011 and 2023

NuGet PyPI1 NPM
Year NU.GGt‘ NuGet. NuGet. Linehaul Stdlib-list Warehouse | cli node-semver npm-expansion
Client Server Gallery

2011 - - - - - - - - -
2012 - - - - - - - - -
2013 - - - - - - - - -
2014 - - - - - - - - -
2015 - - - - - - - - -
2016 - - - - - - - - 47
2017 - - - - - - - - 181
2018 - - - - - - - - 260
2019 - - - 2 - 9 - - 249
2020 - - - 1 - 3 - - 333
2021 - - - 2 - 2 - - 307
2022 - - - - - 9 6 - 264
2023 1 - 3 - - 20 10 2 352
Total 1 - 3 5 - 43 16 2 1,993

In detail, the ‘NuGet.Client’ repository in The PyPIl ecosystem shows limited activity,

NuGet ecosystem had only 1 open pull request in
2023, while the ‘NuGetGallery’ had a total of 3 open
pull requests in the same year. In contrast, the
‘NuGet.Server’ repository had no open pull requests
throughout the entire period from 2011 to 2023.

with the ‘linehaul’ repository receiving a total of 5
open pull requests between 2019 and 2021, but none
in 2022 and 2023. The ‘stdlib-list’ repository had no
open pull requests at all, while the ‘warehouse’
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repository had a total of 43 open pull requests, with a
peak of 20 in 2023.

The NPM ecosystem, particularly the ‘npm-
expansion’ repository, consistently had the highest
number of open pull requests, with a total of 1,993
accumulated from 2016 to 2023, peaking at 333 in
2020 and 352 in 2023. The “cli’ repository had a total
of 16 open pull requests, with an increase from 6 in
2022 to 10 in 2023. The ‘node-semver’ repository had
only 2 open pull requests, both in 2023.

In general, the result demonstrates the highest
activity and contributions in terms of open pull

requests in each ecosystem. In the NuGet ecosystem,
the ‘NuGetGallery’ shows the most activity although
it is insignificant. The ‘Warehouse’ dominates the
open pull request in the PyPl ecosystem with 43
activities, while ‘npm-expansion’ has shown the
largest activity with 1,993 in the NPM ecosystem.
2) Closed Pull Request

Table 3 offers valuable information about the
trends of closed pull requests in various repositories
within the NuGet, PyPI, and NPM ecosystems.

Table 3. The total closed pull request of 9 repositories between 2011 and 2023

NuGet PyPI1 NPM
Year ’\(‘:L:i'ﬁ; ggﬁ,ﬁ? g;ii; Linehaul Stdlib-list ~ Warehouse cli node-semver npm-expansion
2011 - 58 - 3 -
2012 - - 112 - - 3 -
2013 - - 456 - 120 - 16 -
2014 - - 177 2 112 - 22 217
2015 170 - 82 - 347 - 14 654
2016 907 - 178 17 - 551 - 11 513
2017 830 - 645 9 - 918 - 17 235
2018 662 - 560 11 7 1,769 129 19 193
2019 515 - 404 3 4 1,317 182 10 202
2020 645 - 263 1 8 1,438 339 15 106
2021 554 - 226 - 3 1,336 498 11 100
2022 611 - 210 2 1,773 866 47 105
2023 572 - 237 - 47 2,010 - 106 98
Total 5,466 - 3,382 43 71 11,691 2,014 297 2,423

Differently with the activity of the open pull
request, the ‘NuGet.Client’ repository demonstrates
the largest activity in the NuGet ecosystem, with a
total of 5,466 closed pull requests. In addition, the
‘NuGetGallery’ shows a fluctuating number of closed
pull requests from 2011 to 2023, reaching a total of
3,382 activities. However, the ‘NuGet.Server’
repository has no closed pull requests during the
periods.

The ‘warehouse’ repository of the PyPI
ecosystem shows the highest activities of closed pull
requests, reaching a total of 11,691 in 2023. In
contrast, the ‘stdlib-list’ and ‘linehaul’ repositories
have relatively low pull request activity, with totals of
71 and 43 closed pull requests, respectively.

Within the NPM ecosystem, the ‘cli’ repository
has experienced a consistent increase in the number
of closed pull requests over time, reaching a total of
2,014 in 2023. The ‘npm-expansion’ repository also
shows significant activity, with a total of 2,423 closed
pull requests. The ‘node-semver’ repository has a
relatively lower total of 297 closed pull requests.

These findings suggest that all repositories are
actively maintained within their ecosystems. The
‘warehouse’ repository in PyPI shows significant
activity, especially in recent years, which suggests
continuous development from the community.

3.2. RQ2: How do developer contribution
patterns vary over time in NuGet, PyPI, and
NPM repositories?

3.2.1. NuGet

1) NuGet.Client

Figure 2 shows the average number of lines
added and deleted per year during development
activity on the NuGet.Client repository changes
significantly between 2014 and 2023. The number of
lines added peaked in 2015, and the number of lines
deleted peaked in 2022. Overall, this graph shows the
variation in code development and maintenance
activities from year to year.
2)  Nuget.Server

The data is presented in Figure 3 of the NuGet.
Server repository indicates that the year 2017 had the
highest level of activity. On average, 30.73 rows were
added and 17.01 rows were deleted during this year.
The activity was then progressively decreased since
2018, reaching only 4.88 lines added and 1.60 lines
deleted on average by 2023. This suggests a decline
in the rate of growth, which could mean that the
repository has transitioned into a phase focused on
maintenance.
3) NuGetGallery

Figure 4 depicts the evolution of development
activity on the NuGet Gallery repository from 2011
to 2023, emphasizing significant fluctuations in the
yearly average of lines added and deleted. In 2013,
the maximum number of lines added averaged around
138.48 lines, whereas in 2015, the maximum number
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of lines deleted averaged around 369.48 lines. The
graph illustrates significant fluctuations in code
development and maintenance activity over the years,

which could be attributed to changing project
priorities or changing maintenance needs.

nuget_client Repository - Average Lines Added and Deleted by Year
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Figure 2. Trends of average lines added and lines deleted in NuGet.Client from 2014 to 2023
nuget_server Repository - Average Lines Added and Deleted by Year
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Figure 3. Trends of average lines added and lines deleted in NuGet.Server from 2015 to 2023
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Figure 4. Trends of average lines added and lines deleted in NuGetGallery from 2011 to 2023
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3.2.2. PyPI

1) Linehaul
Figure 5 illustrates the development activity on
the Linehaul repository from 2018 to 2020. It shows

significant fluctuations in the average number of lines

added and deleted each year in the periods. The
average number of lines added in 2018 was 27.87,
whereas the average number of lines deleted was
10.47. In 2019, there was a decrease in both the
average number of lines added and deleted, which
reached a value of 1. In 2020, there was a small total
change of 2 lines, both additions and deletions.

Linehaul Repository - Average Lines Added and Deleted by Year
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Figure 5. Trends of average lines added and lines deleted in Linehaul from 2018 to 2020

Stdlib-list

Figure 6 shows the activity on the Stdlib-List
repository from 2015 to 2023. In 2015, the average
number of lines added was 88.46, while the average
number of lines deleted was 73.72. In 2020, the
average number of lines added peaked at 299.69 lines,

2)

and the average number of lines deleted also
increased to 36.27 lines. In 2023, the average number
of lines added decreased to 61.08, while the average
number of lines deleted reached 47.79. The absence
of lines added and deleted in 2021 and 2022 suggests
no code modifications as they are unnecessary.

Stdlib-List Repository - Average Lines Added and Deleted by Year
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Figure 6. Trends of average lines added and lines deleted in Stdlib-list from 2015 to 2023

Warehouse

Figure 7 illustrates the development activity on
the warehouse repository from 2015 to 2023 and
shows significant fluctuations in the average humber
of lines added and deleted each year. In 2015, the
average number of lines added was 50.20, while the
average number of lines deleted was 56.45. The

3)

169

number of lines added peaked in 2022 with an
average of 350.96 lines, while the number of lines
deleted also peaked in 2022 with an average of 255.96
lines. In 2023, the average number of lines added was
215.73, while the average number of lines deleted
was 208.71.
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Warehouse Repository - Average Lines Added and Deleted by Year
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Figure 7. Trends of average lines added and lines deleted in Warehouse from 2015 to 2023
3.2.3.NPM
1) Cli

Based on Figure 8, the development activity on
the cli repository from 2009 to 2023 shows significant
fluctuations in the average number of lines added and
deleted each year. In 2009, the average number of

lines added was 23.44, while the average number of
lines deleted was 9.45. The number of lines added
peaked in 2021 with an average of 822.21 lines, while
the number of lines deleted peaked in 2018 with an
average of 232.48 lines. In 2023, the average number
of lines added was 111.73, while the average number
of lines deleted was 109.37.

cli Repository - Average Lines Added and Deleted by Year
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Figure 8. Trends of average lines added and lines deleted in Cli from 2009 to 2023

2) Node-semver

Figure 9 illustrates the development activity on
the node-semver repository from 2011 to 2023, with
a significant variation in the average number of lines
added and deleted per year. In 2011, the average
number of lines added was 28.60, and the average
number of lines removed was 14.38. The number of
lines added peaked in 2018 at 101.51 lines, while the
number of lines deleted peaked in 2019 at 95.72 lines.
In 2023, the average amount of lines added was
13.58, while the average number of lines removed
was 10.71.
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3) Npm-expansion

In Figure 10, the development activity on the
npm-expansions repository from 2014 to 2021 shows
significant variation in the average number of lines
added and deleted each year. In 2014, the average
number of lines added was 2.79, while the average
number of lines deleted was 3.07. The number of lines
added peaked in 2018 with an average of 17.32 lines,
and the number of lines deleted peaked in 2015 with
an average of 11.23 lines. In 2021, the average of
added and deleted lines was only 1.
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4. DISCUSSION project. Similarly, the ‘NuGet.Client’ repository had

The empirical study of developer contributions
across NuGet, PyPl, and NPM repositories has
revealed interesting results requiring for a
comprehensive discussion. Following the answers to
both research questions (RQ1 and RQ2), this section
will explore what the results mean by looking at the
types of contributions and the patterns of when
developers make them.

4.1. RQL. What is the distribution of type-based
documentation across NuGet, PyPl, and NPM
ecosystem?

The analysis of the distribution of contribution
types across the three ecosystems reveals distinct
patterns. The NuGet ‘NuGetGallery’ repository had a
significant number of closed pull requests, totaling
3,382 by 2023, indicating an active community
committed to resolving issues and improving the
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5,466 closed pull requests, suggesting substantial
community engagement.

The PyPI ‘warehouse’ repository stood out with
the highest number of closed pull requests at 11,691,
along with a considerable number of commits for
both source code and documentation. This represents
an active community dedicated to progress and user
support, placing high wvalue on clear and
understandable documentation.

The NPM ‘cli” repository had a balanced
distribution of source code and documentation
contributions, with 2,014 closed pull requests. The
‘npm-expansion’ repository had the highest number
of open pull requests at 1,993, indicating ongoing
development and community involvement.

The study found varying contribution patterns in
three ecosystems. NuGet’s ‘NuGetGallery’ and
‘NuGet.Client” had high community involvement
with many closed pull requests. PyPI’s ‘warehouse’
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had the most closed pull requests, showing an active
community supporting users and documentation.
Similar studies have also found that corporate
involvement in OSS projects can improve project
sustainability with significant contributions from paid
developers, which is in line with our findings on the
importance of community contributions in the OSS
ecosystem [40]. This aligns with our findings on the
importance of community contributions in the OSS
ecosystem, highlighting how both community and
corporate contributions play crucial roles in
sustaining OSS projects.

4.2. RQ2: How do developer contribution
patterns vary over time in NuGet, PyPlI, and
NPM repositories?

An analysis of trends of developer contributions
provides insight into the development and condition
of the repositories as time progressesActivity level
fluctuations can indicate the stages of the project’s
lifecycle, including initial development, feature
expansion, and maintenance. The repositories ‘node-
semver’ and ‘npm-expansions’ exhibited different
degrees of activity, with significant increases during
specific years. These variations may be linked to
particular project goals, such as the launch of new
versions or the complete update of existing features,
which can be studied in future research.

Understanding these patterns can help
maintainers guess what will be needed in the future
and make sure that resources are used in the most
efficient  way. The ‘NuGet.Client’ and
‘NuGetGallery’ repositories for NuGet showed
changing patterns, with periods of intense coding
followed by periods of stability. The high number of
average lines that were deleted from “NuGet.Client”
in 2022 points to a major refactoring project. This
could be part of a larger plan to make the codebase
easier to maintain and faster. The highest number of
new code contributions to the PyPl “warehouse”
repository happened in 2022, and then they started
going down. This could mean that the phase of active
development is changing to one of maintenance. This
change is common in projects that are well-developed
and have all the features they need.

This research shows time-varying patterns of
developer contributions in the NuGet, PyPl, and NPM
repositories, reflecting project lifecycle stages such as
initial  development, feature expansion, and
maintenance. These results are in line with previous
research which found that fluctuations in developer
activity can indicate important phases in the open-
source project lifecycle. For instance, a study of
projects on GitHub identified similar patterns in
developer contributions during the development and
maintenance phases, reinforcing our findings [41].

4.3. Implication for OSS Ecosystems

The findings from this empirical analysis have
various implications for the administration and long-
term viability of open-source software ecosystems.
Project maintainers can utilize the knowledge of
contribution  distributions to customize their
approaches for community involvement,
acknowledgment, and allocation of resources. For
example, ecosystems that get a lot of documentation
contributions might do well to spend money on better
documentation tools and programs that reward
contributors. Finding times when activity is high or
low can help maintainers deal with potential problems
earlier than they develop, like contributors getting
tired or fewer people getting involved in the group.

Furthermore, the outcomes can provide
guidance for the creation of tools and platforms that
facilitate various forms of contributions, promoting
greater participation and cooperation within open-
source software communities. Through
understanding the type of contributions, projects may
attract in a wider range of participants while
motivating continued involvement.

5. CONCLUSION

This research analyzes developer contributions
to the NuGet, PyPl, and NPM repositories to
understand the dynamics and future growth of the
open-source software (OSS) ecosystem. The findings
of this study show clear patterns in the distribution of
contribution types, with the NuGet repository
emphasizing more source code contributions, the
PyPI ‘warehouse’ repository standing out in source
code and documentation contributions and having
many closed issues, while the NPM ‘cli’ repository
showing a balanced distribution between source code
and documentation contributions. The trend analysis
reveals there were an increase in activity and
significant fluctuations, such as an increase of added
lines in the ‘cli’ repository in 2021 and a peak in code
deletions in 2018. These findings suggest a stage
characterized by fast development and changes.
Further research is needed to explore the relationship
between contribution types and project stages, and
their impact on the sustainability of the OSS
ecosystem. More in-depth case studies on specific
repositories can provide more insights into the
variables that cause these trends, and how they could
be handled to maintain the long-term viability and
growth of OSS projects.
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