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Abstract
Context: With growing software reuse and interoperability, Open
Source Software (OSS) is more ubiquitous than ever. Often sourced
for free from volunteer-driven work, many developers lack aware-
ness of the sustainability of OSS they depend on. Adopting OSS
components while building software systems has long-lasting con-
sequences, not only bringing benefits, but also risks. Understanding
the sustainability of OSS dependencies thus becomes a critical ac-
tivity during software design and development. However, OSS sus-
tainability is not a very well-defined concept, thus making research
and decisions regarding OSS adoption more difficult. Objective:
Synthesize how the wider concept of OSS sustainability is currently
understood "in the wild", explore how it can be characterized, and
discuss the impact a better understanding can have on more respon-
sible OSS adoption. Method: We conducted a systematic mapping
study (SMS) across 111 studies from the literature to extract sustain-
ability understandings, synthetized into aspects of sustainability
in OSS projects. Results: Social and technical concerns are well-
explored and reaffirm the importance of the OSS community. Indi-
vidual, economic, and environmental definitions remain relatively
underexplored. There is a growing usage of the term "sustainabil-
ity" in OSS research. We propose 19 aspects that can be utilized to
understand OSS sustainability. Conclusion: Those aspects can be
utilized by practitioners who rely on OSS to better understand the
projects they depend upon, as well by researchers exploring this
ecosystem.

CCS Concepts
• Software and its engineering → Open source model; Risk
management; Software evolution; Maintaining software.
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1 Introduction
Open Source Software (OSS) is widely used in a variety of activities
in the modern economy [26]. Present in most business domains,
powering critical software infrastructure [6], and prompting deep
changes to quality through commodification pressure [23], even
in ecosystems dominated by proprietary software [1, 27]. OSS has
become a sort of "ethereal" resource: ever-present, deeply involved
with everything it touches, and unnoticed by untrained eyes [6, 7].

Software Engineering (SE) researchers and practitioners foresee
an ever-present risk with OSS long-term sustainability, as more
than 80% of OSS projects are eventually abandoned [22]. It is a chal-
lenge to assure the continued existence and quality of a resource
that is, by its nature, ever flowing, changing, and almost always dis-
tributed without warranties, making OSS adoption a risky decision
often made in a non systematic manner. With most programming
languages, frameworks, and deployment/orchestration tools being
OSS, adopting OSS is frequently an architectural decision, thus
hard to make and costly to change. As with all such decisions, the
cheapest moment to make them is during the initial phases of soft-
ware design, so evaluating the sustainability of OSS components
becomes a critical design activity for practitioners.

Software sustainability is a relatively recent concept that encom-
passes multiple aspects in software development/maintenance [18].
Sustainable software aims to not only meet present needs but enable
future generations to continue creating and maintaining this soft-
ware [2]. Sustainability is described in literature as a systemic con-
cept that cannot be comprehended without systemic thinking [25].
To help researchers and software engineers understand, software
sustainability dimensions are often used. The Karlskrona Manifesto
defines five main dimensions for sustainability: economic, social,
technical, individual, and environmental [2].

From a social perspective, sustainable software aims to ensure eq-
uitable access to resources and opportunities for all individuals and
communities [11]. Economically, it involves preserving long-term
value and capital for stakeholders while minimizing risks and max-
imizing returns [11, 20]. Environmentally, it focuses on minimizing
the consumption of natural resources and mitigating environmen-
tal impacts associated with software activities [11]. Individually, it
prioritizes the well-being and development of human beings, en-
compassing aspects such as mental and physical health, education,
and mobility [2, 17]. Finally, from a technical standpoint, sustain-
able software systems are designed for longevity, adaptability, and
evolution in changing environments [11].

Achieving sustainability in software development involves ad-
dressing various challenges through the same five dimensions, in-
cluding energy efficiency, social equity, economic viability, and
environmental impact [9]. It requires integrating sustainability
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considerations into all phases of the software life-cycle, from re-
quirements gathering and design to deployment and maintenance
[24]. Overall, being sustainable in the software development con-
text means creating products that not only fulfill their intended
purpose but also minimize negative impacts on society, economy,
and the environment, thus continuing their existence for a longer
period.

Open Source Software (OSS) aligns closely with the social dimen-
sion of sustainability, as it helps create a more equitable software
development landscape. Social dimension emphasizes the preser-
vation of communities that maintain and improve OSS, ensuring
users have access to high-quality, efficient, and freely available
software [2]. OSS is typically sustained by self-organized communi-
ties [14] whose goal is to safeguard the ability of future developers
to contribute and evolve the software. However, sustainability is a
multifaceted concept that is not well-defined in the context of OSS,
making it harder for adopters to evaluate the sustainability of their
OSS dependencies while designing software systems. The existing
body of knowledge on sustainability in OSS remains fragmented
across many studies.

The research question (RQ) that has motivated this work is: “How
is sustainability understood in the OSS context?”. Several other sec-
ondary studies were published about software sustainability [3,
15, 18]. Linåker et al. [13] published a secondary study on OSS
health, which is related to sustainability, but not quite the same.
Other authors (e.g., [4, 12]) conduct a longitudinal study on OSS
project sustainability that examines the factors influencing the long-
term sustainability of OSS, but do not map the literature insights
about sustainability in this domain. Therefore, developing a clearer
understanding of what software sustainability means in the OSS
context is essential to tighten the relations between the OSS com-
munity, sustainability researchers, and practitioners trying to better
understand their potential OSS dependencies.

This paper aims to map the understandings and aspects that
define an OSS project as more sustainable. To do this, we performed
a Systematic Mapping Study (SMS) that puts together 111 studies
to extract (i) the current understanding of sustainability in OSS
projects; (ii) Aspects that comprise or contribute to OSS sustainabil-
ity; and (iii) future directions and insights from literature. The main
contribution of this paper is to present a broader view of which
aspects make up OSS sustainability. We propose 19 sustainability
aspects of OSS projects that were classified into the five sustainabil-
ity dimensions. In addition, those aspects revealed attention spots,
such as the environmental concerns that are underexplored in the
literature. We note that OSS culture influences the investigation,
and it becomes a great opportunity to raise awareness on the over-
all sustainability problem in OSS, given how widely adopted OSS
projects are.

The paper is structured as follows: Section 2 presents the re-
search method. Section 3 describes the results of the SMS. Section 4
discusses the SMS results, the threats to validity of our work, and
actions performed to mitigate them. Section 5 provides the final
considerations and future research perspectives.

2 Research Method
This study is a SMS that follows the guidelines of Petersen et al. [19].
We follow the three-step process that encompasses planning, con-
duct, and results reporting, as shown in Figure 1. This section
presents the first two steps (planning and conduct), outlining the
most important elements of the SMS protocol. Section 3 presents
data synthesis results.

Planning
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Figure 1: SMS research method workflow

2.1 Planning
This section reports important elements of our SMS protocol that
enable further auditions and reproduction/updates. First, we de-
fined our goal using the GQM (Goal Question Metric) [10] approach
as: analyzing primary studies for the purpose of identifying how
sustainability has been understood/addressed in Open Source Soft-
ware (OSS) from the point of view of SE researchers in the context
of scientific literature. Based on this goal, we defined our research
questions (RQs):
RQ1: How is sustainability understood in the OSS domain?
RQ2: Which aspects make an OSS projects more sustainable?

Our search string defines sustainability and OSS as major do-
mains. As we intended to locate studies that address "sustain-
ability" within "OSS", we joined the two with the ‘AND‘ oper-
ator. In addition, as OSS frequently appears as one of its syn-
onyms, we joined those with the ‘OR‘ operator. Our final string
was: ("sustainability") AND ("open source" OR "free
software" OR "FLOSS" OR "OSS"). This string was developed
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iteratively and pilot-tested to ensure sensitivity (capturing relevant
studies) and precision (excluding irrelevant studies).

We adopted three databases (Scopus1, ACM Digital Library2, and
IEEE Digital Library3), considering they are the well-known and
widely used publication databases in the computing area. For the
selection, one inclusion criterion (IC) and five exclusion criteria
(EC) were defined to ensure a transparent and replicable process:
IC1: The study addresses sustainability and OSS. EC1: Full text of
the study is not available. EC2: Study is a shorter version of another.
EC3: Study is a summary of a conference/workshop. EC4: Study is
not peer-reviewed. EC5: Study is written in a language other than
English.

2.2 Conducting
Studies collection in electronic databases started by adapting the
generic search string to each database. Scopus permits searching
three metadata fields (title, abstract, and keywords) simultaneously.
ACM Digital Library and IEEE require executing the search sep-
arately for each metadata field and combining them into a single
studies dataset. We did not limit our search to publication period
or field (like Computer Science), aiming to reach as many studies
as possible.

Figure 1 illustrates the search process and scrutiny. Our system-
atic search initially retrieved a total of 2,429 studies (1,561 from
Scopus, 172 from ACMDigital Library, and 696 from IEEE Digital Li-
brary). Following deduplication based on DOI, and when necessary,
title and year, 1,948 unique studies remained. A first selection was
conducted by screening titles, abstracts, and keywords against the
inclusion and exclusion criteria, resulting in 334 studies for full-text
assessment. During the second selection, all 334 studies were fully
read and re-evaluated according to the same criteria, yielding 111
unique studies that are presented in Table 1. The selection process
counts on a main researcher who was responsible for performing
the first selection. In addition, an experienced researcher in sustain-
ability and the SMS process double-checked the selections; finally,
conflicts were resolved in consensus meetings.

The synthesis process for identifying OSS sustainability aspects
involved a systematic three-step approach. First, fragment extrac-
tion was performed, where relevant portions of each study that
discussed sustainability were carefully located. To support this pro-
cess, we used an extraction form that recorded paper metadata
(DOI, title, authors, publication year, venue, and venue type), along
with the sustainability-related fragments. The extracted data was
synthesized using thematic analysis [5], applying both open and
axial coding. Based on this, we developed a coding scheme for
qualitative synthesis, classifying sustainability-related concepts in
OSS.

Our first step in the analysis was to select fragments and extract
terms from all the studies obtained through the SMS. The terms
were deduplicated and factored into a set of what we called sus-
tainability aspects. These aspects were further grouped according

1https://scopus.com
2https://dl.acm.org
3https://ieeexplore.ieee.org

Table 1: Set of studies selected

ID Authors Year ID Authors Year
S001 Mora-Cantallops et al. 2020 S044 Zhang et al. 2023
S002 Suleimenov et al. 2020 S045 Barcomb et al. 2020
S003 Mahaux et al. 2015 S046 Barcomb et al. 2022
S004 Wiggins et al. 2010 S047 Li et al. 2022
S005 Arantes et al. 2011 S048 Yue et al. 2023
S006 Robles et al. 2012 S049 Tan et al. 2023
S007 Petrinja et al. 2012 S050 Macho et al. 2013
S008 Barham et al. 2012 S051 Steinmacher et al. 2014
S009 Riehle et al. 2012 S052 Zhou et al. 2017
S010 Nyman et al. 2012 S053 Valiev et al. 2018
S011 Calefato et al. 2022 S054 Coelho et al. 2018
S012 Nov et al. 2008 S055 Gasparini et al. 2019
S013 Poba-Nzaou et al. 2019 S056 Qiu et al. 2019
S014 Liu et al. 2020 S057 Tan et al. 2020
S015 Ghapanchi et al. 2015 S058 Alami et al. 2020
S016 Santos et al. 2013 S059 Alami et al. 2020
S017 Gamalielsson et al. 2014 S060 Trinkenreich et al. 2020
S018 Butler et al. 2020 S061 Yin et al. 2021
S019 Hata et al. 2015 S062 Zhang et al. 2022
S020 Wang et al. 2022 S063 Shimada et al. 2022
S021 Jensen et al. 2011 S064 Fang et al. 2022
S022 Carillo et al. 2014 S065 Xiao et al. 2022
S023 Sajadi et al. 2023 S066 Gray et al. 2022
S024 He et al. 2023 S067 Zhang et al. 2022
S025 Ye et al. 2003 S068 Ramchandran et al. 2022
S026 Zanetti et al. 2012 S069 Zhou et al. 2022
S027 Izquierdo et al. 2015 S070 Zhang et al. 2022
S028 Barcomb et al. 2019 S071 Stanciulescu et al. 2022
S029 Dias et al. 2021 S072 Dam et al. 2023
S030 Trinkenreich et al. 2023 S073 Yin et al. 2022
S031 Yin et al. 2023 S074 Nakakoji et al. 2002
S032 Guizani et al. 2023 S075 Onoue et al. 2016
S033 Hasselbring et al. 2020 S076 Chengalur-Smith et al. 2010
S034 Zhang et al. 2022 S077 Papamichail et al. 2021
S035 Bird et al. 2007 S078 Liao et al. 2018
S036 Robles et al. 2009 S079 Perens et al. 2005
S037 Gupta et al. 2017 S080 Ju Long et al. 2005
S038 Rastogi et al. 2016 S081 Carillo et al. 2013
S039 Horiguchi et al. 2021 S082 Carillo et al. 2013
S040 Chouchen et al. 2021 S083 Atiq et al. 2016
S041 Xia et al. 2023 S084 Chua et al. 2017
S042 Terceiro et al. 2010 S085 Vainio et al. 2006
S043 Goggins et al. 2021 S086 Sethanandha et al. 2010
S087 Kritikos et al. 2024 S088 Schwarts et al. 2024
S089 O’Neil et al. 2024 S090 Chang et al. 2024
S091 Xiao et al. 2023 S092 Sonabend et al. 2024
S093 Han et al. 2024 S094 Wattanakriengkrai et al. 2023
S095 Nguyen et al. 2023 S096 Sokyina et al. 2024
S097 Santos, Italo 2024 S098 Khan et al. 2024
S099 Zhang et al. 2024 S100 Jahn et al. 2024
S101 Fang et al. 2024 S102 Feng et al. 2024
S103 Han et al. 2024 S104 Linåker et al. 2024
S105 Wang et al. 2023 S106 Wilson, Katrina 2023
S107 Fang et al. 2023 S108 Hovhannisyan et al. 2024
S109 Adejumo et al. 2024 S110 Wattanakriengkrai et al. 2024
S111 Steinmacher et al. 2014

https://doi.org/10.1002/smr.2270
https://doi.org/10.1109/tr.2022.3176733
https://doi.org/10.1007/978-3-030-54997-8_10
https://doi.org/10.1109/tse.2018.2872713
https://doi.org/10.1007/978-3-319-08581-4_13
https://doi.org/10.1109/tse.2020.2985093
https://doi.org/10.1007/978-3-642-13244-5_23
https://doi.org/10.1109/tse.2021.3053403
https://doi.org/10.1007/978-3-642-24418-6_26
https://doi.org/10.1109/tse.2022.3156071
https://doi.org/10.1007/978-3-642-33442-9_1
https://doi.org/10.1109/tse.2023.3242415
https://doi.org/10.1007/978-3-642-33442-9_14
https://doi.org/10.1145/2536536.2536560
https://doi.org/10.1007/978-3-642-33442-9_19
https://doi.org/10.1145/2593702.2593704
https://doi.org/10.1007/978-3-642-33442-9_2
https://doi.org/10.1145/3106237.3106287
https://doi.org/10.1007/978-3-642-33442-9_21
https://doi.org/10.1145/3236024.3236062
https://doi.org/10.1007/s10664-021-10012-6
https://doi.org/10.1145/3239235.3240501
https://doi.org/10.1016/j.chb.2008.04.009
https://doi.org/10.1145/3306446.3340825
https://doi.org/10.1016/j.chb.2019.02.005
https://doi.org/10.1145/3359224
https://doi.org/10.1016/j.infoandorg.2019.100274
https://doi.org/10.1145/3377811.3380920
https://doi.org/10.1016/j.is.2014.10.005
https://doi.org/10.1145/3377812.3381402
https://doi.org/10.1016/j.jsis.2012.07.004
https://doi.org/10.1145/3383219.3383242
https://doi.org/10.1016/j.jss.2013.11.1077
https://doi.org/10.1145/3415251
https://doi.org/10.1016/j.jss.2019.110452
https://doi.org/10.1145/3468264.3468563
https://doi.org/10.1109/chase.2015.9
https://doi.org/10.1145/3491102.3501822
https://doi.org/10.1109/compsac54236.2022.00144
https://doi.org/10.1145/3510003.3510116
https://doi.org/10.1109/hicss.2011.264
https://doi.org/10.1145/3510003.3510121
https://doi.org/10.1109/hicss.2014.406
https://doi.org/10.1145/3510003.3510196
https://doi.org/10.1109/icse-nier58687.2023.00010
https://doi.org/10.1145/3510454.3522685
https://doi.org/10.1109/icse-seet58685.2023.00037
https://doi.org/10.1145/3510849
https://doi.org/10.1109/icse.2003.1201220
https://doi.org/10.1145/3524842.3528506
https://doi.org/10.1109/icse.2012.6227030
https://doi.org/10.1145/3531056.3542767
https://doi.org/10.1109/icse.2015.184
https://doi.org/10.1145/3540250.3549117
https://doi.org/10.1109/icse.2019.00100
https://doi.org/10.1145/3540250.3549132
https://doi.org/10.1109/icse43902.2021.00093
https://doi.org/10.1145/3543873.3587336
https://doi.org/10.1109/icse48619.2023.00038
https://doi.org/10.1145/3555129
https://doi.org/10.1109/icse48619.2023.00066
https://doi.org/10.1145/512035.512055
https://doi.org/10.1109/icse48619.2023.00218
https://doi.org/10.1587/transinf.2015edp7363
https://doi.org/10.1109/mc.2020.2998235
https://doi.org/10.17705/1jais.00244
https://doi.org/10.1109/mc.2021.3133052
https://doi.org/10.3390/su13031079
https://doi.org/10.1109/msr.2007.23
https://doi.org/10.3390/sym10120747
https://doi.org/10.1109/msr.2009.5069497
https://doi.org/10.5210/fm.v0i0.1470
https://doi.org/10.1109/msr.2017.37
http://aisel.aisnet.org/amcis2005/435
https://doi.org/10.1109/saner.2016.27
https://aisel.aisnet.org/ecis2013_rip/2
https://doi.org/10.1109/saner50967.2021.00054
https://aisel.aisnet.org/icis2013/proceedings/ResearchInProgress/31
https://doi.org/10.1109/saner50967.2021.00060
https://aisel.aisnet.org/icis2016/ManagingIS/Presentations/10/
https://doi.org/10.1109/saner56733.2023.00012
https://aisel.aisnet.org/pacis2017/75
https://doi.org/10.1109/sbes.2010.26
https://aisel.aisnet.org/iceb2006/41
https://doi.org/10.1109/SoHeal52568.2021.00010
https://ieeexplore.ieee.org/document/5602062
https://doi.org/10.1002/smr.2597
https://doi.org/10.1109/MCSE.2024.3414951
https://doi.org/10.1177/14614448221090474
https://doi.org/10.1109/TCSS.2024.3476198
https://doi.org/10.1145/3611643.3616349
https://doi.org/10.1371/journal.pcbi.1012045
https://doi.org/10.1002/smr.2645
https://doi.org/10.1109/TSE.2022.3225197
https://doi.org/10.1145/3611643.3617849
https://aisel.aisnet.org/amcis2024/vcc/vcc/9/
https://doi.org/10.1109/VL/HCC60511.2024.00056
https://doi.org/10.1145/3663529.3663777
https://doi.org/10.1145/3597503.3639197
https://doi.org/10.1145/3613904.3642541
https://doi.org/10.1145/3597503.3608142
https://doi.org/10.1016/j.infsof.2024.107470
https://doi.org/10.1109/SANER60148.2024.00106
https://doi.org/10.1145/3674805.3686667
https://doi.org/10.1145/3609437.3609454
https://doi.org/10.1145/3618305.3623598
https://doi.org/10.1145/3611643.3616282
https://doi.org/10.1109/ISSREW63542.2024.00058
https://doi.org/10.1145/3691620.3695286
https://doi.org/10.1109/SERA61261.2024.10685609
https://doi.org/10.1007/978-3-642-55128-4_21


Designing ’26, April 12–18, 2026, Rio de Janeiro, Brazil Fontes et al.

Figure 2: Overall view of studies (distribution by publication year, venue type, and study type)

to their sustainability dimension (social, technical, individual, eco-
nomic, environmental). We then show how the studies our SMS
selected were classified according to these aspects in Section 3.2.

The full replication kit, containing a complete list of studies,
selection decisions, raw data extracted, and synthesized data is
available in the external material.

3 Results
This section presents the data synthesis from the selected studies,
followed by the answers to RQs.

3.1 Overview of Studies
Figure 2 shows the distribution of studies according to their publi-
cation year, venue, and type. The studies span 21 years, starting in
2002, with the majority of publications concentrated in the last few
years.

The growing understanding of Software Sustainability as a mul-
tidisciplinary and systemic concept could explain the increasing
number of publications. Many of the individual concerns have been
previously researched without an explicit mention of sustainability
itself. Concerning publication venues, around two-thirds of studies
were published in event proceedings (i.e., 77), while one-third (i.e.,
33) were published in journals, and a single book chapter. The in-
creasing number of journal papers may indicate that the topic is
becoming more mature over time.

3.2 Sustainability Aspects
Our sustainability aspects were derived from the set of OSS sus-
tainability terms that our SMS extracted. Their intent is to be able
to fully express every sustainability concern our selected studies
address, while minimizing overlap. The aspects are grouped within
established software sustainability dimensions (social, technical,

individual, economic, and environmental). These are defined as
follows:

Social Dimension. This dimension covers the human and commu-
nity aspects of open-source software (OSS) projects. It emphasizes
the interactions, governance, and social structures that sustain par-
ticipation and collaboration.

(1) Contributor Retention: Also called "stickiness"[8]. The
probability of continued contributions over time. It reflects
the project’s ability to keep its contributors engaged and
motivated.

(2) Contributor Attraction: Also called "magnetism"[8]. The
ability to attract new contributors is often linked to the
project’s popularity, niche, and functionality, as most con-
tributors are also users/stakeholders.

(3) Internal Communication: The effectiveness of commu-
nication among peers fosters a sense of community and
belonging. It is related to governance transparency.

(4) Governance Structure: The structure, transparency, legit-
imacy, and consistency of leadership, regarding decision-
making and project management.

(5) Openness/Onboarding: The onboarding process and the
project’s attitude toward new contributors. This is highly
related to governance and heavily affects contributor reten-
tion.

(6) Project Legitimacy: The perception of the project, which
can sometimes be enhanced through marketing. It is com-
posed of smaller characteristics, such as popularity, niche,
and age. Niche size interacts with other aspects (such as qual-
ity and feature set), increasing popularity. A popular project
attracts users who may become contributors, forming a vir-
tuous cycle [21]. Age, when combined with other aspects
(e.g. sustained activity and maintainability) is a frequently
used and accurate measure for sustainability.
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(7) External Communication/Ecosystem: The project’s re-
lationship with outside projects and its cooperation with
external entities, which can enhance features and quality
(e.g. through interoperability).

Technical Dimension. This dimension highlights the software en-
gineering aspects of OSS projects. It focuses on the practices, ar-
chitecture, and development processes that determine the project’s
long-term sustainability and adaptability.

(1) Sustained Activity: One of the most frequently used mea-
sures. The ongoing software development activity, including
the production of artifacts (release rate, issues, patches) and
response times. Heavily influenced by contributor retention
and governance; contributes to retention and attraction.

(2) Functionality, Scope: The relevance of functional require-
ments to stakeholders and the project’s ability to evolve and
incorporate new features over time. Having exclusive func-
tionality on a niche that usually lacks frequently leads to
increased project popularity and legitimacy.

(3) Quality Assurance: The processes for bug resolution, ad-
herence to quality standards, and testing, which contribute
to the software’s maintainability and increases its capability
of incorporating new features without regressions, which
otherwise often cost legitimacy.

(4) Methodologies, Practices: The development methodolo-
gies and practices adopted by the project, which influence
its maintainability, contributor retention, and quality.

(5) Architecture, Maintainability: The design of the software
architecture, including modularity and code complexity, it
affects contributor retention, leads to increased quality and
is the limiting factor for development scalability (thus im-
pacting feature set).

(6) Licensing: Licensing policies, usually static over the project
lifetime, impacting how the software can be used and con-
tributed to. Similarly to governance, it interacts in a very
complex way with other aspects. However, there is no con-
clusive research linking specific license types (e.g. permissive
VS copyleft) to higher sustainability.

Individual Dimension. This dimension captures the characteristics
of individual contributors. It considers their motivations, knowl-
edge, and skills, which directly affect the quality and direction of
the project.

(1) Personal Motivations: The individual motivations of con-
tributors, which are often influenced by the sense of com-
munity, project niche, and feature set. Influences attraction
and retention.

(2) Personal Knowledge: The technical expertise and skills of
individual contributors. It is affected by project niche/size
and affects the quality and feature set of the project.

Economic Dimension. This dimension deals with the financial as-
pects of sustainability in OSS projects. It highlights the availability,
management, and monetization of resources that enable long-term
development.

(1) Financial Resources: The attraction and management of fi-
nancial resources, including foundations, crowdfunding, and

sponsorships. This influences and is influenced by internal
monetization and governance.

(2) ExternalMonetization: The ways external actors monetize
their involvement with the project and their actions towards
it. Includes paid contributors. Highly related to external com-
munication and openness.

(3) Internal Monetization: The use of project funds to pay
contributors, often seen in projects with corporate gover-
nance. The backing organization is, therefore, a heavy factor
in the project’s continued development.

Environmental Dimension. This dimension focuses on the environ-
mental implications of OSS projects.

(1) Environmental Requirements: The concerns related to
the project’s environmental impact. It is sometimes seen in
the form of regulatory compliance (thus relates to gover-
nance).

Table 2 shows an overview of our aspects, and which studies
address each of them. We can see that concerns overwhelmingly
fit the technical and/or social sustainability dimensions, especially
concerns that are frequently used as a measure of sustainability
(e.g. sustained activity and contributor retention[4]). The technical
and social concerns are also closely related, as they form a virtuous
cycle[21] of project legitimacy, attraction, and activity[4]. Corpo-
rate involvement is also a relevant concern, as it bridges the eco-
nomic (internal/external monetization) and social (governance[16])
dimensions.

3.3 OSS sustainability understandings
Sustainability in the OSS domain encompasses a project’s long-term
viability and ability to continue delivering value (S010, S033, S098).
It refers to the software potential to maintain the functionality and
evolution of the software system in the future (S044). A core char-
acteristic of sustainable software is its ability to exhibit software
development and maintenance activity over the long term (S013,
S076), ensuring it remains active for a longer period of time (S076)
and can evolve to incorporate new demands over time (S029). Sus-
tainability also means creating the necessary conditions for future
generations to use and evolve present artifacts (S077).

From a technical perspective, sustainability is closely tied to the
software’s inherent qualities and structure. Projects need to main-
tain high-quality standards and implement rigorous methodologies
(S008). Being technically sustainable means overcoming inherent
challenges of OSS like software complexity and its non-uniform
evolution, which can pose threats (S001, S013). Long-living projects
usually adopt modular structures and less complex code are incen-
tives for developers and contribute significantly to maintainability
(S005, S026, S042, S053). Also, other factors can contribute to sus-
taining OSS, for instance, the project’s ability to reduce bugs and
ensure stability (S013), along with a high probability of new re-
visions being published and consistent maintenance (S007, S071,
S095), are also important for tecnical sustainability.

A cornerstone of OSS sustainability is the underlying community
of contributors (S002, S017, S025, S074). This involves the continu-
ous attraction of new and retention of existing contributors (S013,
S021, S024, S030, S037, S039, S099, S102, S107), recognizing that
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Table 2: OSS sustainability aspects

Dimension ID Aspect Studies
Social A1 Contributor Retention S012, S013, S016, S017, S019, S025, S028, S030, S036, S037, S040, S045, S046, S047, S048, S049, S050,

S051, S053, S056, S058, S059, S065, S066, S072, S074, S075, S076, S081, S082, S086, S087, S090, S092,
S097, S098, S099, S102, S107, S111

A2 Contributor Attraction S005, S013, S015, S016, S019, S021, S024, S030, S031, S037, S039, S043, S047, S051, S053, S056, S059,
S064, S065, S071, S073, S076, S099, S102, S104, S107

A3 Internal Communication S002, S003, S012, S013, S014, S017, S022, S023, S027, S029, S003, S030, S031, S043, S061, S068, S069,
S071, S073, S076, S081, S083, S084, S085, S087, S092, S096, S097, S100, S102, S104, S106, S111

A4 Governance Structure S012, S013, S014, S017, S027, S029, S031, S043, S057, S058, S060, S061, S065, S071, S072, S073, S080,
S084, S085, S009, S087, S089, S097, S102, S104, S105

A5 Openness/Onboarding S003, S035, S041, S043, S055, S056, S057, S058, S059, S060, S067, S070, S078, S081, S082, S087, S097,
S099, S102, S104, S109, S110, S111

A6 Legitimacy S006, S007, S015, S043, S053, S064, S071, S076, S078, S080, S088, S095, S098, S101, S107
A7 External Communication/Ecosystem S012, S013, S014, S043, S045, S006, S069, S071, S087, S104, S107, S110

Technical A8 Sustained Activity S004, S007, S010, S011, S013, S015, S016, S018, S033, S034, S038, S041, S043, S054, S068, S071, S072,
S073, S076, S078, S088, S091, S092, S093, S095, S098, S103

A9 Functionality/Scope S003, S010, S013, S015, S017, S018, S029, S032, S044, S053, S071, S077, S078, S079, S087, S088, S092, S095
A10 Quality Assurance S008, S010, S013, S015, S018, S029, S040, S041, S043, S058, S059, S064, S071, S087, S092
A11 Methodologies/Practices S001, S004, S005, S008, S019, S040, S043, S052, S058, S065, S071, S086, S087, S090, S092, S094, S108, S111
A12 Architecture/Maintainability S001, S005, S015, S026, S042, S052, S053, S077, S087, S094, S111
A13 Licensing S017, S013, S015, S087, S092

Individual A14 Personal Motivations S012, S018, S056, S058, S069, S083, S110
A15 Personal Knowledge S015, S018, S002, S085, S100, S102, S106, S111

Economic A16 Financial Resources S013, S015, S016, S020, S032, S043, S005, S062, S063, S064, S076, S085, S087, S089, S092, S104, S110
A17 External Monetization S012, S014, S015, S034, S052, S067, S070, S079, S087, S092, S099, S104, S106
A18 Internal Monetization S019, S020, S079, S083, S087, S092

Environmental A19 Environmental Requirements S003

contributor disengagement threatens sustainability (S066, S090). Es-
sential social aspects include the knowledge and skills contributors
bring (S002, S012), fostering community growth (S005, S043, S102),
building interpersonal trust (S023), ensuring fairness and acknowl-
edging contributors’ motivations (S012, S083, S096, S106). Effective
governance rules (S027, S031, S055, S058, S070, S072, S089) with
clear leadership (S017), a participative development process (S003),
and transparent communication (S013, S029, S074, S100, S104) are
vital. Mentoring and support to newcomers (S048, S049, S058, S060,
S071, S102) along with promoting an open and inclusive atmosphere
and diversity (S061, S092, S097, S099, S102, S104) are also critical
for retaining members and promoting long-term success.

Despite OSS having a facilitated distribution due to its free li-
censes, financial resources (S005, S043, S062, S063, S084, S092),
sponsorships, and fundraising (S013, S019, S020, S064, S095, S104)
are important for project progress and sustainability. The increas-
ing commercial participation and firm involvement in OSS projects
have significant consequences for sustainability (S014, S034, S052,
S053, S067, S070, S078, S082, S089, S099), bringing benefits, as well
as new challenges, to OSS communities. Sustainability plays an
important role in the overall open-source ecosystem (S069, S094,
S107), which means that OSS is part of long and complex chain of
software dependencies that depends on financial support directly
or indirectly.

On an individual level, it is heavily influenced by the contribu-
tors themselves, particularly their knowledge and skills (S002) and
their intrinsic motivations to participate (S012, S083, S096, S106).
Factors such as fairness and perceptions of justice within the project
community significantly affect contributors’ willingness to engage

(S012, S083). A developer’s feelings of identity and belonging are
also crucial for their retention and the project’s long-term survival
(S030), while the presence of toxic behaviors among developers can
critically jeopardize community sustainability (S096, S104). From an
environmental perspective, sustainability is understood to include
broader ecological and social requirements (S003), which is not in-
correct, but represents a disconnection between OSS development
and other environmental aspects.

4 Discussion
This section presents our main findings, outlines some future work,
and discusses the threats to the validity of this work, along with
the countermeasures we have applied to address them.

4.1 Main Findings
The main findings resulting from our investigation are:

• A way to evaluate OSS sustainability while designing
software: Our proposed aspects’ main intended usage is as
a starting point for more specific evaluation frameworks (e.g.
with actual metrics). With that said, we believe that these are
already useful to practitioners as high-level guidance on key
concerns they should be on the look out for while adopting
OSS dependencies. We propose that further discussion and
research about how OSS sustainability could be evaluated
in a more systematic way during software design phases
should follow.

• Sustainability of OSS is uncontrollable, but can be un-
derstood: The first step for organizations when designing
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their applications is to recognize that they have no signifi-
cant control (in most cases) over OSS projects. Considering
the wide range of factors affecting sustainability across vari-
ous dimensions, only systemic and high-level actions have
a direct impact on the sustainability of OSS. However, de-
signers can and should understand all aspects that affect the
sustainability of projects used as dependencies.

• Sustainability aligns with OSS culture and values: OSS
is deeply rooted in a culture of collaboration and knowledge
sharing, rather than profit-seeking. This culture seems to
directly shape the factors that contribute to project sustain-
ability. Introducing sustainability concerns to OSS develop-
ment community could strengthen OSS, as economic and
environmental dimensions, which often conflict in propri-
etary software development, tend to be more aligned within
OSS.

• Privileged and underexplored dimensions: Current re-
search tends to prioritize technical and social aspects, with
limited attention to individual, economic, and particularly
environmental dimensions. The scarcity of studies address-
ing environmental issues within OSS hints that the relation
between the OSS communities and the environmental im-
pacts of their software has not yet been well explored.

• Sustainability systemic effects awareness: Adopting a
sustainability/aware vision aligns OSS projects with long-
term goals. While most research emphasizes sustainability
in software i.e., enhancing maintainability and system en-
durance, domain-specific studies highlight sustainability by
software, showing how software can support social, environ-
mental, and organizational goals. This approach encourages
system designers and architects to consider the broader sys-
temic effects of their decisions, integrating sustainability
into every stage of software engineering.

4.2 Future Work
The future is bright for further research within OSS sustainability.
OSS sustainability is different enough from general software sus-
tainability to warrant its own specificities, currently being matured
by the research community to move towards widely accepted un-
derstandings. Thus research into any of the aspects will be helpful
to further their current understanding.

The diversity of sustainability understandings might warrant
surveys to gauge how researchers and practitioners from different
segments understand the concept, helping understand whether
a wide consensus is possible and, if so, what it would look like
depending on the demographic.

Our proposed aspects are theoretical, thus they provide mostly a
conceptual framework for practitioners to think about OSS sustain-
ability, whether they are adopters or contributors. Researchers can
build upon these aspects to create more specific guidance and/or
metrics to complement them, working as tools that can be directly
used by practitioners to evaluate OSS sustainability.

This study’s results can also be useful for future mappings and/or
reviews in the OSS sustainability area. By including all of the aspects
as synonyms of sustainability, it is possible to locate studies that

are sustainability adjacent but don’t address it by name directly.
This includes important, older, sustainability-related studies from
periods where the sustainability terminology was very rarely used.

4.3 Threats to Validity
Errors could occur during SMS execution, especially during study
selection. This could compromise the SMS coverage. To address this
possible bias, we developed a detailed protocol based on [19], vali-
dated by a senior SMS expert, and resolved disagreements through
consensusmeetings. Similarly, the construction of categories, which
requires the interpretation of fragments, may introduce mistakes.
This was mitigated by multiple iterations and additional consensus
meetings.

Another threat concerns the generalizability of our results, as
most analyzed studies stem from academic initiatives, with limited
representation from industry or OSS communities. This restricts
the scope of our conclusions, which we deliberately confine to the
academic context, while validation in industrial or community set-
tings is left for future work. Additionally, our search strategy might
not have retrieved all relevant studies. To mitigate this, we refined
the search string through pilot studies and targeted well-known SE
databases (Scopus, IEEE Xplore, ACM Digital Library). Although
synonyms for “sustainability” could not be exhaustively captured,
this limitation aligns with the study’s objective of clarifying the
term’s meaning.

Finally, data interpretation poses a potential threat, as many find-
ings rely on the classification of text passages. To reduce subjectivity,
we held brainstorming sessions to ensure consistent interpretations
of sustainability in OSS, and all extracted data was reviewed by all
authors to avoid hasty or biased conclusions.

5 Final Remarks
OSS has become a critical foundation of today’s digital infrastruc-
ture, yet its sustainability remains an open and multifaceted chal-
lenge. In this work, our objective was to clarify how sustainability
is understood in the OSS domain, what dimensions and aspects
influence it, how these aspects are addressed in research, and the
impacts on the design of software systems. Our SMS put together
studies from two decades of OSS and sustainability literature, re-
vealing that while social and technical are well-explored, economic
and especially environmental dimensions remain significantly un-
derrepresented. The main contribution of this mapping is to provide
an overview of sustainability aspects and their interrelations, help-
ing with decisions regarding project direction as well as adoption
concerns. By identifying 19 sustainability aspects across five di-
mensions, our results offer both a conceptual foundation and a
practical reference for researchers, maintainers, and adopters who
are interested in OSS projects being more resilient in the long term.
This mapping raises awareness about the importance of introduc-
ing systemic vision to sustain the software ecosystem upon which
much of society now depends.
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