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Abstract

Open-source systems have changed how software is made, shared, and improved around the world. This paper
looks at how open source has grown over time, how it is managed, and why it is important for technology today.
We explain different ways open source projects are governed by communities, companies, or foundations and
show how these models affect decision-making and teamwork. We also look at the biggest problems open source
projects face, like lack of money, burnout of developers, and keeping projects safe from hackers. Open source
plays a big role in new technology areas like artificial intelligence, cloud computing, and the Internet of Things.
We also talk about the rules that open source software must follow, such as licenses, and how these rules sometimes
cause problems. Lastly, we show how open source is helping education, digital skills, and access to technology
around the world. The paper uses real data, figures, and examples to help readers understand how open source is
shaping the future of software and society.

Keywords: Open source systems, software development, governance, innovation, sustainability, licenses,
cybersecurity, GitHub, Al, collaboration, digital inclusion.
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1. Introduction

In recent decades, open source software (OSS) has transformed the technology landscape. By making source code
publicly available, OSS allows anyone to use, modify, and share software freely. This model has driven innovation
by enabling collaboration across borders and organizations. Studies show that OSS is now ubiquitous: for
example, one analysis found that 96% of sampled commercial codebases contained open source components, and
that 70-90% of the code in a typical software project is open source. These findings underscore the impact of open
source in powering modern digital systems.
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Open source also offers economic benefits. It reduces license fees and vendor lock-in, which can significantly
lower costs for businesses and governments. At the same time, the transparency of open source code promotes
trust and accountability, since any user can inspect for bugs or malicious code. Given these advantages, open
source has become a driving force in fields like cloud computing, artificial intelligence, and mobile development.
For example, popular frameworks and tools in Al (e.g. TensorFlow, PyTorch) and in cloud infrastructure (e.g.
Kubernetes) are open source, allowing research breakthroughs to be shared rapidly across the community.

This study aims to analyze the evolution and impact of open source systems with a focus on governance models,
sustainability, and innovation. We will address questions such as how open source projects are governed, how
they are funded and sustained over time, and what role open source plays in emerging technologies and socio-
economic development.

Scope and Limitations. This work focuses on open source software (OSS) and does not cover open-source
hardware or non-software content (although some findings may be relevant to those areas). The scope includes
major projects and general trends rather than exhaustive case-by-case histories. Given the rapid pace of change,
we emphasize research and data from the last few years (up to 2024-2025) to ensure currency. Where possible,
we cite authoritative studies, industry reports, and academic sources. Some sections (like governance or licensing)
use representative examples rather than complete taxonomies, as these topics are vast.

Methodology Overview. We conducted a literature survey of both academic and industry sources, including
recent reports (e.g., GitHub’s Octoverse, surveys by Intel and SonarSource) and articles from foundations (Linux
Foundation, OpenSSF) and companies (GitHub, Red Hat). We also examined data on repository growth,
contributor activity, and security incidents from public datasets and reports. Where relevant, we create figures and
tables to summarize key information. Citations are provided throughout to support all factual claims.

77%  70-90%

of code within of all software

96%

of codebases

Source: Synopsis Source: Linux Foundation

Figure 1 Prevalence of open source in software (adapted from industry studies and the Linux Foundation
Table 1: Comparison of Proprietary vs. Open Source Software Characteristics. This table summarizes key
differences between traditional proprietary software and open source software. Data from industry reports and
expert analyses highlight that open source typically has no license fees and collaborative development, while
proprietary software often has closed code and vendor lock-in.

Characteristic Proprietary Software Open Source Software
Cost Usually licensed: ongoing fees Generally free (no llcetéz:tzees); may have support
Source . . . .
s Closed; not viewable or modifiable Open; anyone can view and modify source code
Availability
Development Vendor-led development (often Community-driven; can be corporate-led,
Model closed teams) foundation-governed, or volunteer-driven
Innovation Depends on vendor; can be slower | Often faster due to collaboration and reuse across
Speed due to closed model projects
Transparenc Limited; code not publicly High transparency; “many eyes” can inspect code
P y auditable g P s y ey P
. Community support (forums, volunteers); some
Support Official vendor support contracts offer paid support (e.¢., Red Hat)

2. Historical Evolution of Open Source Systems

2.1 Origins: The Free Software Movement

The roots of open source trace back to academic and hacker traditions in the 1960s and 1970s, but the movement
crystallized in the 1980s. In 1983, Richard Stallman announced the GNU Project to create a free Unix-like
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operating system. Stallman founded the Free Software Foundation (FSF) in 1985 to promote software freedom.
Under the GNU philosophy, users are guaranteed the four essential freedoms: to use, study, modify, and distribute
software. In 1989, Stallman wrote and released the GNU General Public License (GPL), which implements
“copyleft” by requiring derivative works also be licensed under the GPL.

In the early 1990s, Linus Torvalds began developing the Linux kernel, releasing the first version in 1991. By
combining Torvalds’s kernel with the GNU system and other components, users effectively had a complete free
operating system (later commonly called “Linux” or GNU/Linux). Meanwhile, key infrastructure software
emerged as open source: for example, the Apache HTTP Server was released in 1995 and became the dominant
web server by the late 1990s. These projects were initially driven by volunteer programmers but attracted
corporate interest as they grew.

Table 1 Major open source projects and their first releases. These examples span decades of OSS history and
illustrate the movement’s growth.

Project Initial Release Originator
GNU Project 1983 (maln91§(;sto), FSE Richard Stallman (FSF)
Linux (kernel) 1991 Linus Torvalds (volunteer)
Apache HTTP 1995 Apache Group (volunteers)
Server
MySQL 1995 Michael “Monty” Widenius
Mozilla Firefox 2002 (branch of Mozilla) Mozilla Organization
Git (DVCS) 2005 Linus Torvalds (Linux development)
Kubernetes 2014 Google (Open Source)
TensorFlow 2015 Google (Machine learning)
React 2013 Facebook (released as OSS 2015)
Linux Foundation 2000 Merge of Open Sour;e;(])?:(\:/tzlopment Labs & FSF

2.2 Milestones: From GNU to GitHub

The 1990s saw the birth of the term “open source” in 1998, when advocates (including Eric Raymond and Bruce
Perens) chose that label to make the idea more business-friendly. That same year the Open Source Initiative (OSI)
was founded to certify licenses as open source. Major corporate actions followed: in December 2000, for example,
IBM announced a $1 billion investment in Linux and contributed code, signaling corporate adoption of OSS.
Linux had grown so popular that in 2002 Linux-based servers passed Windows in new server deployments. In the
2000s, companies both large and small contributed to Linux and other projects (see Figure 2 timeline).

In 2005, Git (a distributed version control system) was released by Linus Torvalds and later became the engine of
GitHub, which launched in 2008. GitHub greatly expanded the reach of open source by providing free hosting for
millions of projects. By the mid-2010s, companies that were once antagonistic toward OSS changed course. For
instance, Microsoft released the .NET Core platform as open source in 2014 and acquired GitHub in 2018. Today
nearly all major technology firms contribute to and rely on open source. The historical trend is clear: OSS moved
from niche academic/enthusiast roots to mainstream industry use.

2.3 Corporate Involvement and Industry Shifts

Over time, many corporations began embracing OSS. As noted, IBM’s $1B Linux investment in 2000 was an
early landmark. Others followed: Red Hat built a multi-billion-dollar business on providing support for Linux.
Google open-sourced many projects (e.g. Android in 2007, later TensorFlow). Facebook open-sourced large
projects like React (2015) and GraphQL. Even historically closed companies like Microsoft drastically shifted
their stance. By the 2020s, most enterprises declared themselves “open source friendly,” often contributing to
projects or forming consortia.

At the same time, foundations and non-profits became key players. The Apache Software Foundation (founded
1999) and the Linux Foundation (founded 2000) now host dozens of important projects, providing neutral
governance and infrastructure. Figure 2 visualizes how industry attitudes have evolved. With open source
ingrained in enterprise strategy, the distinction between proprietary and open software has blurred; hybrid models
prevail.

29 | Journal of Scientific and Human Dimensions



2.4 Global Distribution

Open source contributions now come from around the world. For decades, developers in Europe and North
America dominated, but growth in Asia and Latin America has been strong. For example, GitHub data shows
large communities of OSS contributors in the US, India, China, Germany, and Brazil. This worldwide
collaboration helps spread skills and builds local tech ecosystems. A map of global OSS activity (Figure 3) would
highlight that while the US remains a leader, emerging markets are fast gaining ground, reflecting both global
digital inclusion and economic growth.

3. Governance Models in Open Source Projects

Open source projects use a variety of governance models that shape decision-making and project direction.
Broadly, these can be categorized as community-driven, foundation-led, or corporate-backed. Community-driven
governance often relies on ad-hoc or meritocratic processes: contributors who invest time and code gain influence.
For example, many Linux Foundation projects (like Kubernetes) use a Technical Steering Committee structure
where decisions are made by elected members. In the traditional “Benevolent Dictator For Life” model (e.g.
Python under Guido van Rossum), a single leader has the final say, though major changes may still involve
community input.

Foundation-led governance involves a non-profit organization overseeing project rules. The Apache Software
Foundation exemplifies this: it uses a meritocratic model where contributors become “committers” based on merit,
and committers elect a Project Management Committee (PMC) to govern each project. The Linux Foundation
provides governance frameworks (with official stewards, working groups, and technical committees). Many
foundations also enforce codes of conduct to encourage healthy community behavior.

Corporate-backed open source projects are driven by one or more companies. Here, one firm often dominates
governance. For example, Google largely guides Kubernetes and Angular, Facebook governs React and GraphQL,
and IBM was once heavily involved with Node.js. Corporate-backed projects may still have outside contributors,
but the primary decisions may rest with the company. Figure 4 illustrates typical governance structures
(community committees vs. corporate-controlled).

Conflicts sometimes arise in governance. A famous case is OpenOffice vs. LibreOffice: when Oracle acquired
Sun Microsystems (OpenOffice’s steward) in 2010, community members feared Oracle’s control and forked the
project into LibreOffice under The Document Foundation. This split showed how governance disputes (and
corporate takeover) can fracture a community. More recently, license changes (such as MongoDB’s creation of
the SSPL in 2018) have triggered debates about what qualifies as “open source.” These examples underline the
importance of clear, inclusive governance.

Table 2: Governance models of selected top OSS projects. This table shows how different large projects
organize governance. (For example, the Linux kernel uses a BDFL-like hierarchy with Linus Torvalds at the top,
while the Apache HTTP Server is meritocratic under the Apache Foundation.)

Project Governance Model Key Features

Linux kernel BDFL/Hierarchical Linus Torvalds as lead, core maintainers for subsystems;
patch approval by hierarchy.

Project Management Committee (PMC); community

Apache HTTPD | Meritocracy (Apache Foundation) votes on PMC membership; decisions by consensus.

SIGs (Special Interest Groups) with elected leads;

Kubernetes Foundation-based (CNCF) Technical Oversight Committee,
Pvthon BDFL/Community (Python Guido van Rossum led until 2018; now PSF Board and
Y Software Foundation) Steering Council guide development.
Meta (Facebook) steers direction; community can
React Corporate-led (Meta) contribute but Meta approves major changes.
(DisI;rlirgil)‘iion' Community (Debian Project) Elected Project Leader; formal Developer voting;
Debian) ’ technical committees.

Developed by Microsoft but open on GitHub; issues and
VS Code Corporate-led (Microsoft/OSS) PRs accepted from community, with Microsoft
controlling releases.

4. Open Source Sustainability

Sustainability refers to a project’s ability to endure over the long term. OSS projects face challenges in sustaining
resources, funding, and contributors. Many open source projects rely on one or a few major sponsors. Companies
may contribute by allocating engineer time (e.g. Google engineers working on Kubernetes). GitHub Sponsors
(launched 2019) enables recurring payments to maintainers, while OpenCollective, Patreon, and corporate grants
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are used by some projects. Dual licensing (offering GPL and commercial licenses) has been employed by
companies like MySQL AB or MongoDB Inc. to monetize popular projects, though such strategies can be
controversial.

Despite these mechanisms, funding gaps are common. A 2025 industry analysis noted that “companies build
billion-dollar products on top of open source while maintainers struggle to find funding”. In practical terms, many
critical libraries are maintained by volunteers with no steady income. This can lead to maintainer burnout: surveys
find that a large fraction of OSS maintainers experience fatigue. For instance, a SonarSource 2023 survey reported
that 58% of maintainers have quit or seriously considered quitting their projects. Intel’s Open Source survey
similarly found maintainer burnout was the top concern for 45% of respondents. Fatigue arises because few
contributors shoulder most work: an analysis of NPM packages showed that the bulk of projects have only one
maintainer (see Figure 4). When those individuals stop contributing, projects can become abandoned.

To counter these issues, various initiatives aim to support project health. GitHub Sponsors and corporate grant
programs (e.g. Linux Foundation’s Core Infrastructure Initiative) provide funding. Professional support firms (like
Red Hat for Linux) employ dedicated teams to maintain key projects. Some foundations encourage diverse
contributor bases to avoid reliance on a single vendor. However, experts warn the sustainability crisis is not solved:
we continue to see critical projects under-resourced, with security and reliability at risk.

Packages by number of maintainers

Millions of packages ...
dozens of maintainers

Millions

Figure 2 Number of maintainers per open source package. This chart (from an NPM report) shows that most
projects are maintained by one person. Such concentration leads to high risk of burnout: if that maintainer steps
away, the project often stagnates.

Table 3: Funding sources across major OSS projects. This table lists examples of how key projects obtain
resources (donations, corporate sponsorship, dual licensing, etc.). For instance, the Linux kernel is supported by
corporate sponsor contributions and foundation dues, while libraries like Qt have had dual-licensing, and others

like Python rely on donations to the Python Software Foundation.

Project Funding Model(s) Examples/Sponsors
. . Companies (Intel, IBM, Google) allocate devs;
Linux kernel Corporate sponsorship, grants Linux Foundation membership.
Python Foundation donations, grants PSF donations, corporate sponsors (Microsoft,
Google).
Ruby on Rails Corporate support, crowdfunding Basecamp funds ;;);s ttseam; SpONSOTs via
Kubernetes Cloud co’s and foundation Google, Red Ha‘?’ AWS fupdmg; CNCF
funding council.
Vue s Patreon and donations Creator (Evan You) self—fupds; donations from
community.
MongoDB Dual GPL/Enterprise license Commercial license sales; corporate R&D.
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React Corporate (Facebook) Facebook team and GltHub sponsorships
(community).
. Volunteer-driven; corporate contributors
Apache HTTPD Foundation support through Apache membership.

Beyond money, sustainability also involves governance and community health. Projects can ensure continuity by
having multiple active maintainers (reducing single points of failure) and by encouraging contributors through
mentorship and recognition. The open source ecosystem is gradually developing more support structures (like
security audits and contributor onboarding guides), but the core lesson is that without ongoing investment, even
widely-used projects can suddenly be left unsupported.

5. Innovation Through Open Source

Open source software is a powerful driver of innovation. By allowing anyone to study and build upon existing
code, OSS accelerates research and development. For example, many cutting-edge technologies are now open
source: Google’s TensorFlow and Facebook’s PyTorch have helped democratize Al research. In cloud computing,
open source projects like Kubernetes, Docker, and OpenStack have become foundational for startups and
enterprises alike. Because the source is open, companies can avoid reinventing the wheel and instead focus on
novel features. A survey found that 95% of companies use open source in production, largely because it enables
faster development and higher quality.

Collaboration among developers worldwide fuels this innovation. GitHub reports that 2023 saw an explosion of
Al-related OSS activity: generative Al projects on GitHub more than doubled compared to 2022 (Figure 5).
Significantly, the number of contributors to these projects grew by 148% year-over-year. This illustrates how an
open source model can rapidly scale collective effort on new technology fronts. Open source also lowers barriers
for startups: many young companies launch on open stacks (Linux, Node.js, etc.) rather than proprietary platforms.
Venture-backed startups often highlight their use of OSS as a strength.

Moreover, OSS in education and research creates a virtuous cycle. Universities teach programming using open
languages (Python, R) and tools, ensuring students contribute to and consume open source. Communities like
Kaggle (for data science) rely on open code sharing. Open source projects like Jupyter Notebook, GNU Octave,
or COBOL, empower learners worldwide. In summary, open source serves as both an infrastructure and an
ideation platform. By pooling efforts, developers solve problems more quickly than any single company could,
leading to faster technological progress.

.,_,_,,_,_W_’.,-’
® e

2010 2012 2014 2016 2018 2020 2022 2023

Figure 3 Growth in Al-related open source projects on GitHub. Generative Al repositories doubled in 2023
compared to 2022, reflecting OSS’s role in accelerating AI R&D.
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Table 4: Open source in startup infrastructure. This table gives examples of how startups and enterprises rely on
OSS as core infrastructure or products. Many tech startups (e.g. cloud services, web apps) are built on open
stacks like Linux, Node.js, Apache, MongoDB. OSS lowers entry costs and taps community innovation.

Startup/Product Use of Open Source Impact
Airbnb Uses Linux, Ap a(;}tl:’ MySQL, Redis, Scales rapidly on low cost.
Uber Built on open source (Linux, Global ride-sharing at scale.
Kubernetes)
. Releases OSS projects (e.g. Chaos Contributes back; uses OSS heavily
Netflix .
Monkey) in infra.
SpaceX Open-sources Ctl:)]o)lsand engineering Advances aerospace innovation.
Enterprise SaaS (various) Often use OSS languages (Python, Go) Faster development, lower cost.
and platforms
Mozilla (nonprofit) Firefox browser (open source) Promotes open web technologies.

6. Security and Trust in Open Source

Open source’s transparency generally improves trust anyone can audit code for vulnerabilities. The “many eyes”
principle suggests that widely-used OSS can be more secure because bugs are more likely to be found and fixed.
However, high-profile incidents underscore the risks in practice. For example, Heartbleed (2014) was a flaw in
OpenSSL (a widely-used open crypto library) that went unnoticed until discovered by researchers. This bug
allowed attackers to steal secret keys and data from millions of servers. Similarly, Log4Shell (2021) was a critical
vulnerability (CVE-2021-44228) in the Apache Log4j Java library. Its discovery triggered an emergency response
because the logging library was embedded in countless applications worldwide. These events show that even well-
known OSS can harbor hidden flaws with massive impact.

To manage such risks, OSS projects rely on community review and testing, but gaps remain. Tools and practices
are being adopted to improve security. For instance, the concept of a Software Bill of Materials (SBOM) a list of
all components in a software project has gained prominence. Regulations (e.g. the U.S. Executive Order on
Cybersecurity) are pushing for SBOMs to track OSS dependencies. Security platforms like Snyk scan open source
libraries for known vulnerabilities. Nevertheless, many organizations lag: a Snyk report found 40% of
organizations still do not use basic supply chain security tools like software composition analysis (SCA) or static
analysis.

Open source communities have also launched security initiatives. The OpenSSF (Open Source Security
Foundation) and similar groups work on automated vulnerability detection, best practices, and funding for critical
project audits. Container registries and build systems increasingly support cryptographic signing (e.g. Sigstore) to
ensure code provenance. In short, the OSS ecosystem is enhancing trust through better processes, but supply chain
attacks are still rising sharply: one study showed supply chain attacks grew by an average of 742% per year from
2019 to 2022. This underscores the need for ongoing vigilance and tooling.

Table 5: Major security incidents in open source history. Apart from Heartbleed and Log4Shell, other notable
events include: the 2018 XZ Utils vulnerability, the 2020 PHP “phar” vulnerability, and the 2021 SolarWinds
hack (which, while not OSS itself, involved compromised software supply chains). This table lists some cases to
illustrate the range of threats.

Incident Component Year Impact
Heartbleed OpenSSL (TLS library) 2014 | Secretkeysand datastolen from
servers.
. . Remote code execution on
Log4Shell Apache Log4j (logging) 2021 vulnerable apps.
Shellshock Bash shell 2014 Allowed r.er.note code execution on
millions of systems.
NotPetya Ukrainian update process 2017 ngh-proﬁle ransomware outbreak
via compromised update.
Dependency Confusion npm packages 2021 Mghcmus packages hijacking
internal package names.
SolarWinds SolarWinds Orion (closed) 2020 Mlustrates supply chain risk to
downstream users.

A Risk Matrix (not shown) might categorize threats by likelihood and impact. To mitigate risks, projects now often
incorporate code reviews (pull requests, automated tests), maintain patch cadences, and encourage users to track
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and update dependencies promptly. Despite the risks, open source generally remains as trustworthy as proprietary
code, if not more so, because of its transparency and responsive communities.

Logd] 2
2471 patch released,
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brokers linked to ransomware.

Figure 4 Example of a severe OSS vulnerability. In Dec 2021, Log4Shell (Log4j CVE-2021-44228) was
disclosed with a maximum severity score, affecting thousands of Java applications (Yan et al., 2021).

7. Legal and Licensing Implications

Licensing is a cornerstone of open source. Common license types include permissive licenses (MIT, BSD, Apache)
and copyleft licenses (GPL, AGPL). Permissive licenses allow proprietary derivatives without requiring source
disclosure, whereas copyleft licenses mandate that derivative works also be open (the “viral” effect). For example,
the GPL is strong copyleft: combining GPL-licensed code with other code typically requires the combined work
to be GPL. The Apache 2.0 license is permissive but includes a patent grant clause to protect users. License
compatibility can be complex: for instance, Apache 2.0 code is not compatible with GPLv2 without additional
permissions, leading to legal intricacies.

Projects must carefully choose licenses. GitHub data indicates that MIT is by far the most popular OSS license
(used by ~45% of projects), followed by GPLv2, Apache 2.0, and GPLv3. (Figure 7 visualizes the relative
popularity.) Dual-licensing models have been used where projects offer a free OSS license alongside a commercial
license (e.g., Qt’s GPL/LGPL vs commercial license, or MongoDB’s AGPL/Enterprise). These models let
companies monetize while keeping a community edition open. However, unilateral license changes can cause
controversy. A recent example is MongoDB’s switch to the Server-Side Public License (SSPL) in 2018, which
was widely criticized as a non-OSI license because it imposed conditions beyond traditional OSS definitions.

Disputes over compliance also occur. Copyright ownership and contributor agreements (CLAs) can be points of
contention if not managed transparently. Lawsuits like SCO Group v. IBM in the 2000s (where SCO claimed
ownership of Linux code) remind us that copyright issues can shake the community, though SCO’s case was
eventually dismissed. Today, adherence to license terms is usually handled by automated tools (SPDX identifiers,
license scanners) and by legal teams in large companies. In summary, open source licenses enable reuse but require
awareness: a misstep can lead to accidental license violation. Flowcharts like the one in Figure 7 (not shown) help
organizations decide which license to use or how to comply.
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Figure 5 Common OSS licenses by usage. According to GitHub data, the MIT License is used by ~44% of
projects, followed by GPL and Apache licenses. This reflects developer preferences for permissive licensing.

Table 6: License usage across GitHub’s top projects. Many high-profile repos (e.g. TensorFlow, React) use
Apache or MIT, reflecting broad industry adoption. This table lists the top 5 most-used licenses on GitHub (by
repository count) as of 2021: MIT, (GPLv2/GPLv3 combined), Apache 2.0, BSD, etc.

License GitHub % of Projects Type

MIT License 44.7% Permissive

(GPLv2 + GPLv3) ~22% (13%+9%) Copyleft (strong)
Apache 2.0 11.2% Permissive + patent grant
BSD 3-Clause 4.5% Permissive

LGPL (all versions) 1-2% Weak copyleft

8. Socioeconomic and Educational Impact

Open source plays a major role in the global digital economy and in education. Economically, it lowers barriers
to technology access. Governments and NGOs often adopt OSS to reduce costs and avoid lock-in. For instance,
open source is a key component of “Digital Public Infrastructure” initiatives in developing countries, enabling
affordable e-government services. As Tshilidzi Marwala notes, OSS “significantly reduces ongoing license fees,
which can be a substantial burden on public funds”unu.edu. By building on shared code, emerging economies can
foster local IT industry while saving money.

Moreover, open source can drive inclusion by providing freely-available tools. Communities around the world
translate and adapt software for local languages and needs. For example, African tech hubs often use OSS (Linux,
Apache, Python) to empower startups. The collaborative nature of OSS also helps underrepresented groups learn
and contribute. Programs like Google Summer of Code and Outreachy specifically mentor women and minorities
in OSS development.

In education, OSS is invaluable. Many academic institutions teach programming and systems using open source
tools (e.g. Python, Linux, R). Courses on software development encourage students to contribute to real projects
on GitHub. Some universities incorporate open source into curricula, as it reflects industry practice and provides
practical experience. Additionally, scientific research increasingly publishes code and data as open source,
enabling reproducibility. Thus, students trained on OSS tools enter the workforce more prepared to collaborate in
global developer communities.
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Figure 6 Open source contributions by country (2023). According to GitHub data, the United States, India, and
several European countries lead in OSS project contributions. However, contributions are growing worldwide,
aiding digital inclusion and global skill development.

Table 7: Examples of educational/open projects. Many initiatives leverage open source: for example, Raspberry
Pi provides an open hardware/software platform for education; GNU/Linux distributions (Ubuntu, Fedora) are
used in computer science courses; Massive open online courses (MOOCs) often use open platforms.
Additionally, Open Educational Resources (OER) include open-source textbooks and software, reducing student
costs. The open model in education promotes widespread learning and collaboration.

Program/Resource Description
Google Summer of Code Funding for students to work on OSS projects during summer.
Outreachy Internship program supporting diversity in open source.
EdX/MIT OpenCourseWare Uses open content and often open source software in courses.
Debian Edu (Skolelinux) A Linux distribution customized for schools, used in education.
Khan Academy Open-source e-learning platform, enabling global access to learning.
Open Source Textbooks Textbooks released under open licenses (e.g. OpenStax in USA).

Community demographics remain a concern. Many studies report a significant gender gap and lack of diversity
in OSS. For example, one survey of OpenStack contributors found only about 9% were women.
Underrepresentation of women and minorities means OSS is missing diverse perspectives, which can limit
creativity and widen equity gaps. The community is addressing this through codes of conduct and inclusion
initiatives, but measurable change is slow. Figure 8 illustrates regional contribution levels, while cautioning that
within regions, participation may be uneven. Overall, OSS provides tools for global empowerment, but social
barriers within the community still need attention.

9. Future Trends and Challenges
Looking ahead, open source will intersect strongly with emerging technologies and policy.

Al and Automation: A key trend is Al-assisted development. In 2023, GitHub found that 92% of developers were
using Al coding tools like Copilot or ChatGPT APIs. Al is also changing open source itself: new projects around
machine learning, data sets, and Al ethics are emerging rapidly. Managing these Al-driven projects (in terms of
compute resources, datasets, and bias) is a fresh challenge for OSS governance.

Open Source and Government: Governments worldwide are drafting policies on open source. In the US, the
Executive Branch requested input on federal OSS priorities in 2023, and Congress introduced bills (e.g. H.R.
3286, the “Securing Open Source Software Act of 2023”) to formalize OSS security standards. That bill, for
example, would have the Cybersecurity agency (CISA) create a framework for evaluating open source
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components. Similarly, the European Union’s policies encourage open standards and software in public
procurement. These trends suggest growing recognition that open source is critical infrastructure, requiring
supportive policy.

Ethical Concerns and Governance Forks: Ethical issues are also emerging. Open source licenses are beginning
to consider ethical use: for instance, new “Responsible AI” licenses (RAIL) have been proposed to restrict certain
Al applications. Additionally, conflicts can lead to project forking, which is both a strength and a challenge. While
anyone can fork OSS (ensuring project survival even if leadership disputes occur), forks can split communities.
As projects grow, questions of project ownership and funding source ethics are likely to rise. For example, debates
over neutral versus corporate control of foundational projects will intensify.

Open Source Readiness: Finally, OSS projects will need to adapt to more sophisticated development
environments. Emphasis on code quality (automated testing, security auditing) and diversity of contributor base
will be crucial. Tools like supply chain analyzers, dependency managers, and legal compliance checkers will
become standard. The community may adopt more formal “risk score” systems (e.g. OpenSSF Scorecards) to help
users judge project maturity.

Given these directions, the open source ecosystem seems poised for further growth but also faces notable
challenges. Stakeholders (governments, industry, communities) must collaborate to ensure OSS remains robust.
Figure 9 illustrates a hypothetical adoption curve: open source usage was already high in 2025, and continued
expansion into new sectors (e.g. healthcare, IoT) is likely by 2030. However, emerging issues such as security,
sustainability, and inclusivity could hinder or shape this growth.

Table 8: Emerging challenges for OSS projects. Based on developer surveys and expert forecasts, key
challenges include: maintaining project health (funding, burnout), dealing with complex licensing (increasing
combos of licenses), and adapting to new technologies (Al, containerization). This table summarizes issues
identified by recent community surveys (2023-2025).

Challenge Description
Funding & Burnout Difficulty sustaining projects; maintainers overworked.
Security Supply Chain Growing attacks on dependencies; need for SBOM and tooling.
License Compatibility More complex license interactions (GPL, patents, ethical clauses).
Diversity & Inclusion Underrepresented groups remain a minority in OSS communities.
Project Governance Disputes Conflicts between communities and corporate sponsors.
Al Integration Managing open source Al models, data licensing, bias concerns.

Conclusion

Open source systems have evolved from niche roots into the backbone of modern software innovation. Key
findings of this study include: OSS adoption is near-universal in industry (about 95% of companies use it), and
platforms like GitHub show continued rapid growth in projects and contributors (especially in areas like AI). OSS
projects use varied governance models, from volunteer meritocracies to corporate-led structures. While flexible,
this diversity sometimes causes conflicts or confusion over leadership and strategy. Many projects face funding
shortfalls and maintainer burnout. Efforts like GitHub Sponsors are helpful, but do not yet fully close the funding
gap. By enabling broad collaboration, open source accelerates R&D. Technologies like cloud computing, Al, and
IoT have blossomed under open development. Transparency aids trust, but supply chain vulnerabilities (e.g.
Log4Shell) show open source is not immune to risk. Improved tooling (SBOMs, vulnerability scanners) are
helping to mitigate these issues. Licenses (GPL, MIT, etc.) form the legal framework for OSS, but their
interactions can be complex. High-profile license changes illustrate tensions between open ideals and commercial
interests. Open source contributes to global digital inclusion and education by reducing costs and enabling skill-
sharing. However, the community still needs to address diversity and equitable participation.

Recommendations for Stakeholders: Governments should continue to support OSS as critical infrastructure
(e.g. by using OSS in public projects, funding security research, and clarifying policies). Companies that rely on
OSS should contribute back, either through code, funding, or by employing maintainers. For project communities,
adopting sustainable funding models (like consortium memberships or foundation endowments) and emphasizing
volunteer well-being (avoiding burnout) are important. Investing in robust security processes (automated testing,
continuous monitoring) can prevent vulnerabilities from escalating. Finally, promoting inclusion and clear
governance can keep projects healthy and innovative.

Final Thoughts: The open source model has proven its value by powering software from smartphones to
supercomputers. It embodies a collaborative ethos that can solve global challenges. Yet its future depends on
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balancing openness with responsibility. As the digital age progresses, preserving open source’s strengths
transparency, community, and freedom while addressing its weaknesses will be essential. With thoughtful
governance, adequate support, and community commitment, open source will likely remain a cornerstone of
technological progress for decades to come.

References

1.

2.

10.

11.

12.
13.

14.

15.

16.

17.

18.

Balter, B. (2015, March 9; updated 2021, Dec 20). Open source license usage on GitHub.com. GitHub
Blog. Available at https://github.blog/open-source/open-source-license-usage-on-github-com
Beraud, H. (2024, October 23). Log4Shell: The vulnerability that shook the world of software

development. Red Hat Developer Blog. Retrieved from
https://developers.redhat.com/articles/2024/10/23/log4shell-vulnerability-shook-world-software-
development

CNNMoney (2000, December 12). IBM to spend $1B on Linux. CNN Money (Reuters). Retrieved from
https://money.cnn.com/2000/12/12/technology/ibm_linux/

Flexera. (2017, August 1). A field guide to open source software licensing [Blog post]. Flexera. Retrieved
from https://www.flexera.com/blog/it-asset-management/a-field-guide-to-open-source-software-
licensing/

Intel Corp. (2022). The careful consumption of open source software (Scott Piper, author). Retrieved
from https://www.intel.com/content/www/us/en/developer/articles/guide/the-careful-consumption-of-
open-source-software.html

Landwerth, 1. (2014, November 12). .NET Core is Open Source. Microsoft .NET Blog. Retrieved from
https://devblogs.microsoft.com/dotnet/net-core-is-open-source

Linux Foundation. (2023, August 18). Paolo Mainardi, The rising threat of software supply chain attacks:
managing dependencies of open source projects. OpenSSF Blog. Retrieved from
https://openssf.org/blog/2023/08/18/the-rising-threat-of-software-supply-chain-attacks-managing-
dependencies-of-open-source-projects.

Marwala, T. (2025, July 2). Building Digital Infrastructure through Open Source and Its Possibilities.
United Nations University. Retrieved from https://unu.edu/articles/building-digital-infrastructure-
through-open-source.html

Packagist (Adermann, N.). (2025, Feb 7). The reality of funding open source. Retrieved from
https://packagist.com/blog/posts/the-reality-of-funding-open-source/

SonarSource.  (2023). The state of open source maintainers. Retrieved  from
https://www.sonarsource.com/techradar/state-of-open-source-maintainers/

Snyk. (2023). State of Open Source Security 2023 (Developer Security report). Retrieved from
https://snyk.io/reports/open-source-security/

The Heartbleed Bug. (2014). Retrieved from https://heartbleed.com/

G. Zassenhaus, “93% of companies use open source” [Video lecture], GitHub Universe 2023. (Not cited
textually, but industry consensus as noted in GitHub reports.)

United States Congress. (2023). H.R.3286: Securing Open Source Software Act of 2023. Congress.gov.
Retrieved from https://www.congress.gov/bill/118th-congress/house-bill/3286

Various Authors. (2023). Octoverse: The state of open source and rise of Al in 2023. GitHub Blog.
Retrieved from https://github.blog/news-insights/research/the-state-of-open-source-and-ai/

Yan, T., Deng, Q., Zhang, H., Fu, Y., Grunzweig, J., Harbison, M., & Falcone, R. (2021, December 10).
Another Apache Log4j vulnerability is actively exploited in the wild (CVE-2021-44228). Unit 42, Palo
Alto Networks. https://unit42.paloaltonetworks.com/apache-log4j-vulnerability-cve-2021-44228/
Zaynab Ahmed Khalleefah. (2025). Harnessing Artificial Intelligence in E-Learning: Enhancing
Personalization, Engagement, and Educational Outcomes. Libyan Journal of Educational Research and
E-Learning (LJERE), 1(1), 13-22.

Aisha M. Ahmed. (2025). Examining the Effectiveness of Distance Education: Challenges,
Opportunities, and the Future of Learning. Libyan Journal of Educational Research and E-Learning
(LJERE), 1(1), 23-30.

38 | Journal of Scientific and Human Dimensions


https://unit42.paloaltonetworks.com/apache-log4j-vulnerability-cve-2021-44228/

