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Abstract

Sustainability in Software Products and Services Development

Lappeenranta—Lahti University of Technology LUT
LUT School of Engineering Sciences
Master of Science (Tech.) in Software Engineers for Green Deal

Anel Mengdigali

Master’s thesis, 2024

Examiners: Professor Jari Porras (LUT University), Professor Patricia Lago (Vrije Univer-
sity Amsterdam), Professor Henry Muccini (University of L’ Aquila).

Supervisors: Postdoctoral Researcher Shola Oyedeji, Santeri Auvinen, Associate Professor
Ruzanna Chitchyan.

Keywords: Sustainable Software, Software Design, Sustainability Assessment, Software

Design, Sustainable Software Practices.

Context: This thesis explores the connection between sustainability and software develop-
ment with the goal of promoting sustainable practices within the industry. The concept of
sustainability in software systems is relatively new, and developers and companies are work-
ing hard to incorporate it into their processes. However, its multifaceted nature, with various
definitions and dimensions, makes it challenging to implement and evaluate. This complex-
ity is hindering its widespread adoption in the software industry.

Objectives: The primary goal is to create a sustainability framework that integrates sustain-
ability considerations into the conscious design decisions of software products and services
development, using an Information and Communication Technology (ICT) company as a
case study for application and testing.

Results: The result is a framework that assists in incorporating sustainability considera-
tions early in the software development stages. The framework aims to guide future design
decisions and offer practical strategies for software development practitioners and ICT com-
panies to effectively adopt sustainable practices.

Outcome: Overall, the framework will enable companies to seamlessly integrate sustain-
ability into the software development process and assess the sustainability of their software
products from economic, environmental, social, individual and technological perspectives.
The study is expected to provide valuable insights and actionable recommendations to ad-
vance sustainability within the software development industry, promoting a more sustainable
approach.
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1 Introduction

This study delves into the relationship between sustainability and software products and ser-
vices, focusing on assisting an Information and Communication Technology company in
enhancing the sustainability of their software services and products development. Accord-
ingly, the focus is on integrating sustainability into their existing practices to improve the

sustainability impacts of software systems and to make software as sustainable as possible.

The arrangement of the paper is as follows: Section 1 is for Introduction for providing gen-
eral background information and study rationale; Section 2 is for Related Work for present-
ing the state-of-the-art topic; Section 3 is for Research Methodology for demonstrating the
research design and process; Section 4 is for Results describing practical work and results;
Section 5 is for Discussion for work evaluation and its limitations, and final Section 6 is for

Conclusion and Future work of the paper.

1.1 Context

Sustainability has emerged as one of the world’s most pressing challenges, yet there is limited
research and solutions on achieving sustainability through Information and Communication
Technology (ICT) (Wu et al., 2018). Despite this, ICT itself accounts for approximately 2%
of global CO2 emissions (Calero & Piattini, 2015). However, an Ericsson report highlights
that ICT has the potential to reduce global greenhouse gas (GHG) emissions by about 15%

for companies, with software playing a crucial role in this reduction (Ericsson, 2014).

In the software development lifecycle, which includes stages such as Requirements, Archi-
tecture, Design, Implementation, Validation and Verification, and Maintenance (Durdik et
al., 2012), sustainability is often overlooked. This hinders companies and developers from
incorporating it into their processes to create sustainable systems and measure their envi-
ronmental impact. Additionally, sustainability is frequently excluded from software prod-
uct management and requirements decision-making, and is insufficiently considered during
planning, development, configuration, and operation (Penzenstadler, 2013). Therefore, it is
essential to align sustainable business processes with sustainable software systems by map-

ping sustainability aspects throughout their respective life cycles (Betz & Caporale, 2014).

Accordingly, the integration of sustainability principles into software development method-
ologies has become a crucial focal point throughout growing environmental concerns. Al-
though many companies have included sustainability in their agendas for decades, their en-
vironmental, social, and governance activities often remain disconnected from their core

strategies due to a lack of understanding about how to incorporate sustainability into their



business models (Bonini & Gorner, 2011). Furthermore, many ICT and software organi-
zations lack both awareness and expertise in sustainability (Chitchyan et al., 2016). Con-
sequently, while the importance of sustainability is recognized, translating this awareness
into actionable design decisions remains a substantial challenge for many ICT and software

companies.

Thus, software professionals often lack understanding of how sustainability can be applied to
facilitate sustainable design as an established part of the software development stages. This
gap underscores the urgent need for methodologies and frameworks that allow software de-
velopment practitioners and companies to systematically identify, evaluate, and incorporate

sustainability considerations into their development processes.

1.2 Objective

The research has two main objectives. Firstly, it aims to assist software development practi-
tioners and ICT companies in integrating sustainability principles into their development and
management processes. Secondly, it offers practical strategies to encourage intentional de-
sign decisions in software engineering by exploring the relationships between sustainability
and development stages. This study specifically focuses on enhancing existing frameworks
by identifying sustainable practices in software implementation and evaluating their impact
on current products. This iterative process ensures that sustainability principles are effec-
tively integrated into real-world applications. The ultimate goal is to raise awareness among
software engineers and promote the adoption of sustainable practices in software engineer-
ing. Additionally, the study provides support and guidance to stakeholders by offering a
comprehensive guidebook for integrating sustainability practices.
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2 Related Work

In this chapter, context and background are provided by exploring previous research that is
relevant to the current study topic.

2.1 Sustainability De nition

Sustainability has received signi cant attention in research, especially with a growing global
population and diminishing resources. The United Nations emphasized the importance of
sustainability by adopting 17 Sustainable Development Goals (SDGs), which serve as a uni-
versal 'call to action' to eradicate poverty, protect the planet, and promote prosperity for
all (UNDP, 2021). These goals provide a comprehensive solution for addressing pressing
environmental, social, and economic challenges worldwide.

2.2 Sustainability and Software Engineering

Sustainability and software engineering have recently gained prominence due to increasing
environmental concerns and technological advancements. Speci cally, sustainable devel-
opment is de ned as “meeting the needs of the present without compromising the ability
of future generations to meet their own needs (Imperatives, 1987). This de nition empha-
sizes the long-term nature of sustainability and the ethical responsibility to ensure fairness
between current and future generations.

Software, now integral to daily life, has been linked to adverse impacts on the economy, soci-
ety, and the environment, exacerbated by its resource-intensive production (Becker, Chitchyan,
et al., 2015). In this case, sustainable software engineering aims to produce reliable and
durable software that meets user requirements while minimizing environmental footprints
(Amsel et al., 2011). Overall, sustainable software engineering aims to mitigate these issues
by advocating for software development that considers its societal, environmental, economic,
and technological impacts.

It is crucial to explore the dual role of software. Sustainable Software Engineering encom-
passes two main perspectives: sustainable software and software for sustainability. Sus-
tainable software focuses on the durability, maintainability, and cost-ef ciency of software
products (Becker, Chitchyan, et al., 2015). It emphasizes developing software that minimizes
its impact on the economy, society, human beings, and the environment throughout its life-
cycle (Naumann, Kern, et al., 2015). In contrast, software for sustainability aims to leverage
software to achieve broader sustainability goals (Condori-Fernandez & Lago, 2019). Simi-
larly, researchers also differentiate between 'green in software, which focuses on optimizing
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energy ef ciency and resource use within software systems, and 'green by software, which
supports sustainable development goals outside IT (Lago, Meyer, et al., 2014). Both con-
cepts aim to conserve resources, minimize waste during software execution, and promote
sustainable development. This distinction highlights the dual role of IT, where software can
either contribute to environmental challenges or be instrumental in addressing them.

The software engineering research community has embraced and built upon the UN's sus-
tainability dimensions. The UN's sustainability principles revolve around three main pillars
(Karita, Mouréo & Machado, 2022):

Environmental: aiming to protect natural resources like water, land, and ecosystems;
Social: focuses on preserving social relationships among individuals and groups;

Economic: involved in the management of capital and value-added assets.

In addition to these, the community has introduced two additional dimensions: Individual,
emphasizing the maintenance of human capital such as health, education, skills, and access
to services; and Technical, pertaining to the longevity and adaptive evolution of software
systems in response to changing conditions and individual needs (Amri & Saoud, 2014,
Koziolek, 2011). Therefore, according to the literature, the impacts of software span ve
dimensions: individual, social, economic, technical, and environmental. Importantly, these
dimensions are interdependent and must be managed effectively to address con icts and
trade-offs (Garscha, 2021). This emphasizes the importance of considering multiple dimen-
sions of sustainability in assessing its impact in various contexts.

Regarding the concept of the order of effects which highlights the varying levels of sustain-
ability impact of software products and services (Becker, Chitchyan, et al., 2015):

First-order effects refer to the direct impact of activities involved in producing, using,
and disposing of software;

Second-order effects focus on the role of software as an enabler of technology appli-
cations that support sustainable development;

Third-order effects encompass systemic, long-term impacts driven by widespread soft-
ware adoption and technological advancements.

This illustrates the complex and multifaceted nature of sustainability in software develop-

ment. In this case, the mostly referenced GREENSOFT model by Nauman et al. (Naumann,
Dick, et al., 2011), which addresses both types of software, namely green by software and
green in software, has two components of software life cycle and the orders of effects of sus-
tainability. Similar works support software developers, administrators, and users in creating,
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maintaining, and using software more sustainably.

Moreover, researchers have introduced the Karlskrona Manifesto, which serves as a frame-
work for incorporating sustainability efforts (Becker et al., 2014). The manifesto stresses the
importance of integrating sustainability into systemic thinking across disciplines, rather than
treating it as a standalone attribute. This has provided a common foundation and reference
point for global research and practice in software and sustainability. Furthermore, Alberto et
al. discussed the signi cance of using software engineering metrics to evaluate the sustain-
ability of software projects from economic, social, and environmental perspectives (Albertao
et al., 2010). They identi ed metrics such as reusability, modi ability, ef ciency, usability,

and accessibility as crucial for this assessment. By measuring these aspects, valuable insights
can be obtained to enhance software management and requirements, thereby contributing to
the development of more sustainable software systems.

2.3 Challenges

While sustainability has received attention in research and software development companies,
its integration into development methods remains under-explored. This gap highlights the
signi cant challenges in incorporating sustainability principles into software development
processes.

To support the transition to sustainability, integrating sustainability aspects into both soft-
ware systems and underlying business processes is essential. According to Tischner (2000)
and Kramer (2012), early integration of sustainability considerations into design processes is
crucial to effectively address these challenges (Tischner et al., 2000, Kramer, 2012). More-
over, software development processes recognize that making changes late in the product de-
velopment phase is signi cantly more costly than making them early. Despite this, assessing
sustainability across the software lifecycle, from inception to evolution, is often neglected
during initial product conception stages. Moreover, sustainability is usually treated as an
afterthought in the current practices because developers are often under pressure to deliver
software on time and typically lack education on sustainability (Saputri & Lee, 2016). This
oversight can lead to unintended impacts later in the product lifecycle (Pope, Annandale &
Morrison-Saunders, 2004). This oversight can lead to unintended impacts later in the prod-
uct lifecycle, indicating the need for practical guidance or tools to integrate sustainability
into early software development processes.

Previous research has predominantly focused on environmental and technical sustainability,
such as reducing energy consumption and enhancing system adaptability (Mourdo, Karita
& Carmo Machado, 2018, Duboc, Betz, et al., 2019, Wolfram, Lago & Osborne, 2017).
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Moreover, in the eld of software engineering, the emphasis has been on enhancing software
reliability, ef ciency, and cost-effectiveness (Becker, Betz, et al., 2015). Within this context,
software engineers often prioritize technical aspects of sustainability over environmental and
social considerations, giving less attention to other sustainability dimensions (Lago, Verdec-
chia, etal., 2021, Koziolek, 2011). Conversely, social sustainability, which is concerned with
the software's impact on human and societal well-being, has received limited attention and
lacks practical guidance for integration into software development processes (McGuire et al.,
2023, Gustavsson & Penzenstadler, 2020). As a result, there is an insuf cient understanding
of the potential social sustainability impacts of software systems.

In summary, there is a need for practical frameworks that seamlessly integrate all dimensions
of sustainability into software development processes. This underscores the signi cance of
the study.
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3 Research Methodology

This section outlines the research design and methods used for data collection and analysis
to address the study objectives. This methodology presentation is aimed at ensuring a clear
and reproducible process for readers to follow.

3.1 Research Rationale

The objective of this research is to integrate sustainability into software development by
developing a framework grounded in sustainable practices reported in the literature. This
will require a thorough understanding of how to incorporate sustainability into software de-
velopment, including current practices, challenges, responsibilities, and areas where further
knowledge is needed. Additionally, it is important to assess the current level of sustainability
in companies, identify stakeholders and their roles in addressing sustainability impacts, and
understand relevant sustainability metrics and values.

This framework will help make sustainability-driven design decisions by considering envi-
ronmental, social, technical and economic dimensions. By incorporating commonly prac-
ticed activities and necessary guidelines for sustainable software development, as well as
metrics for achieving sustainability goals, the framework aims to offer practical insights for
software developers. Ultimately, by minimizing the negative sustainability impacts of their
products, the framework will promote a more sustainable approach to software development.

3.2 Research Questions

Based on the goal, the following research questions are formulated:

Research Question 1 (RQ1): What are the key factors driving the adoption of sustain-
ability practices in software development companies?

Research Question 2 (RQ2): How can software development companies effectively
integrate sustainability considerations into their software product and service develop-
ment?

3.3 Study Design

To explore how sustainability can be integrated into continuous software development, De-
sign Science Research (DSR) is used as the guiding methodology. The goal of this approach
is to create an effective design artifact that resolves identi ed issues within organizations,
particularly in an Information and Communication Technology company.
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Design Science tackles human problems by creating artifacts such as systems, models, and
frameworks based on established academic theories, thereby contributing new knowledge
to the scienti c community (Hevner & Chatterjee, 2010). This approach involves iterative
cycles of Relevance, Rigor, and Design, which includes Evaluation to ensure continuous
re nement and validation of the framework in real-world settings.

The Relevance cycle concentrates on identifying and understanding practical problems that
organizations face, ensuring that the artifact addresses real-world needs. The Rigor cycle
grounds the research in scienti ¢ theory, leveraging existing literature and best practices
to inform the design of the artifact. The Design cycle involves the creation and iterative
re nement of the artifact, incorporating feedback from real-world testing. The Evaluation
process is interactive, continually assessing and improving the framework, resulting in a
scienti cally valid and effective solution.

Accordingly, | developed a framework using a design science approach (see Figure 2).

Figure 2: Design Science Research Cycles adapted from Hevner and Chatterjee (Hevner &
Chatterjee, 2010)

The Figure 3 provides a summary of the design cycles, illustrating the key iterations and
processes involved in the development framework. Overall, | conducted ve iterations of
relevance, design, and rigor cycles as needed.
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Figure 3: Summary of Iterations

3.3.1 Relevance Cycle

In the relevance cycle, an Information and Communication Technology (ICT) company was
analyzed to understand its current software development methods and sustainability-related
practices. This involved gathering requirements, identifying gaps, and interviewing stake-
holders to comprehend existing practices, challenges, and responsibilities related to sustain-
ability, including internal sustainability training.

Participants: | closely collaborated with the company and academic supervisors, who are
experts in the eld. Additionally, | worked with stakeholders from the ICT company, whose
demographic details are presented in the Table 2).
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No Job Role Company Size Industry Type
1 Design Lead Large ICT
2 Experience Manager Large ICT
3 | Technology Project Manager  Large ICT
4 Business Innovator Large ICT
5 Design Team Manager Large ICT
6 Team Manager Large ICT
7 Lead Test Engineer Large ICT
8 Business Innovator Large ICT
9 Software developer Large ICT

Table 1: Demographics of All Participants

3.3.2 Rigor Cycle

In the rigor cycle, | conducted a thorough literature review to identify studies on sustain-
ability in software engineering and pinpoint existing gaps in the eld. This review helped
discover practices, approaches, frameworks, and artifacts that can enhance software sustain-
ability. Additionally, | de ned the methods, activities, and rules needed to make the software
development process sustainable.

Search Query: The terms such as sustainability, software, development, frameworks, and
companies were utilised to design the following search query to search for the relevant stud-
ies:

("sustainability* OR "sustainable® OR "green”) AND ("frameworks” OR "practices” OR
"guidelines” OR "solutions®) AND (“design thinking” OR *“ideation” OR "software devel-
opment lifecycle* OR "software lifecycle”) AND ("software® OR "development” OR "soft-
ware engineering”“ OR "software development*) AND ("company” OR "companies” OR
"industry®).

Data Source: The search strings have been used to search for relevant academic publications
in the reputed database sources of scienti c literature such as IEEE, ACM Digital Library,
and Springer.

Inclusion and Exclusion Criteria: The following inclusion and exclusion criteria were
established to Iter out relevant papers from the search results in data sources: Include:
Articles written in English; full articles available; primarily consists of credible and relevant
sources; well-regarded via adequate citations and references; published within the last O-
15 years. Exclude: Articles not written in English; only abstracts or poster paper available;
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lacking important and credible information; de ciency of citations and references; published
more than 15 years ago.

Data Extraction and Synthesis:Data extraction was conducted to gather information nec-
essary to address the research questions and design an artifact. This involved using a Google
form for data collection and maintenance. The extracted data was categorized into two
groups as follows:

General data: Author, Title, Year, Abstract Speci ¢ data: Software Sustainability Indicators,
Sustainable Software Development, Sustainability-aware Software Frameworks, Sustainable
Software Design, and Software Sustainability Measures.

3.3.3 Design Cycle

Using insights gathered from the rigor cycle, | developed a comprehensive framework aimed
at guiding teams in integrating sustainability practices into software development processes
to create sustainable products. This framework was continually re ned through a series
of feedback sessions, ensuring it met the evolving needs and challenges faced by the ICT
company.

Evaluation: To evaluate the effectiveness and applicability of the framework, | employed a
multifaceted approach:

Meetings with Supervisors: Weekly one-hour meetings with company and academic
supervisors provided ongoing feedback and ensured the framework's alignment with
the company goals and academic standards.

Interviews: Conducting two one-hour interviews with key stakeholders (focus group)
allowed for detailed feedback and identi cation of speci ¢ challenges and opportuni-
ties related to integrating sustainability practices.

Surveys: Surveys distributed to a broader group of stakeholders helped gather quanti-
tative data on the perceived usefulness and feasibility of the framework. There were
two surveys conducted for pre- and post-data collection.

Workshop: Interactive one-hour workshop session with the focus group facilitated
hands-on evaluation and collaborative re nement of the framework.

Overall, this rigorous and iterative process ensured the development of a robust framework
that provides practical guidance for integrating sustainability practices into software devel-
opment, ultimately aiming to create sustainable software products and services.
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4 Results

In this section, the study's practical work and results are detailed, covering various phases
of the design science research methodology. The research is grounded in this methodol-
ogy, involving iteratively creating and testing the artifact. Various methodologies, theories,
and ndings from previous studies are analyzed to establish a foundation for the research.
Continuous engagement and feedback were also integral to this research, with regular inter-
actions with experts and stakeholders ensuring relevance and rigor.

4.1 Iteration 1: Problem Identi cation

This phase initiates the research by aligning the project scope with the stakeholder needs
of the ICT telecommunication company. It identi es company challenges, goals, and re-
guirements to de ne a focused research scope. Concurrently, it reviews academic literature
and existing tools to inform a solid theoretical foundation and address knowledge gaps in
sustainability practices.

4.1.1 Relevance Cycle

The relevance cycle sets the contextual groundwork for developing an artifact by understand-
ing the current sustainability practices within companies. Multiple meetings with the super-
visor from the ICT telecommunication company are conducted to understand their needs and
grasp their sustainability approaches in software development. The following questions are
the main focus of the contextual examination:

Question 1: Which stage of the software development cycle is crucial for integrating
strategies to make effective sustainability-driven design decisions?

Question 2: What is the current situation regarding sustainability in software develop-
ment within the ICT company?

Question 3: What are the key sustainability values relevant to software development,
and the primary factors in uencing the adoption of sustainability practices in the ICT
company?

Data collected: The meetings with the company supervisor highlight obstacles that the In-
formation and Communication Technology (ICT) company faces when incorporating sus-
tainability into its operations. The primary challenges identi ed include the substantial con-
sumption of time and resources, as well as ensuring the feasibility and viability of sustainable
practices. These barriers are particularly pronounced during the critical stages of software
development, as the company supervisor noted:
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“Incorporating sustainability requires considerable time and resource investment,
which can be challenging given tight project deadlines.”

Thus, the primary factors in uencing the adoption of sustainability practices in the ICT com-
pany include the demand for time, resources, and specialized knowledge. Therefore, it is
essential to design the framework to be both lightweight and accessible for beginners.

Furthermore, discussions revealed that separating the software development process into two
distinct stages such as the Design Thinking stage and the Development and Maintenance
stages would be bene cial. Thus, the company follows the following stages in their software
development lifecycle:

Stage 1: Design Thinking

Stage 2: Development and Maintenance

This separation allows for a more focused approach to integrate and uphold sustainability. It
is important to note that the company supervisor emphasized the importance of considering
sustainability early in the process to avoid undesirable outcomes and manage technical debt.
Consequently, the Design Thinking stage is crucial for integrating strategies that facilitate
effective, sustainability-driven design decisions, and thus, it requires increased attention to
ensure its effectiveness.

In general, initial discussions prioritize identifying the company's challenges, goals, and spe-
ci ¢ requirements, ensuring relevance for both academic inquiry and practical application.
As discussions progress, the research boundaries and study scope are re ned based on initial
insights and company needs, ensuring alignment with theoretical and practical requirements.

4.1.2 Rigor Cycle

The rigor cycle establishes the scienti ¢ foundation of the research by synthesizing existing
knowledge and theories on sustainability practices in ICT to guide the development of a
practical artifact.

State-of-the-art: A comprehensive review of academic literature identi es various frame-
works, methodologies, and artifacts that can enhance sustainability in software engineering.
Accordingly, brainstorming sessions are employed to explore potential solutions and frame-
works derived from the literature. Notably, it is crucial to integrate sustainability consider-
ations into the requirements engineering process to guide sustainable development (Ramos
et al., 2020). Similarly, other works highlight that requirements can support identifying
relevant sustainability goals (Mireles et al., 2017). Overall, rigorous requirements analysis
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is important, particularly in aligning sustainability goals with the objectives of all stake-
holders and integrating sustainability-related requirements alongside traditional ones. Ad-
ditionally, involving a diverse set of stakeholders, such as users, technical developers, and
domain experts, early in the software development process promotes sustainability (Pacheco
& Garcia, 2012). Becker (2015) also emphasizes that sustainability in software development
necessitates collaboration across diverse disciplines, highlighting its interdisciplinary nature
(Becker, Chitchyan, et al., 2015). Therefore, sustainability-aware requirements, namely en-
hancing software requirements with sustainability considerations, and the inclusion of all
stakeholders are key contributors to sustainable development.

Based on these ndings, it was concluded that the framework to be designed should integrate
elements of sustainability awareness and requirements. Speci cally, sustainability require-
ments focus on identifying relevant sustainability goals and discovering and designing fea-
tures to meet these requirements. This involves applying metrics to assess sustainability from
various perspectives, including technical, environmental, social, economic, and individual
aspects, tailored to stakeholder goals. As for the sustainability awareness, it can involve pro-
viding training to develop a uni ed understanding of what constitutes a sustainable software
system and fostering collaboration across different disciplines and departments. In conclu-
sion, developing a comprehensive framework that includes all departments within the ICT
company is essential for effectively integrating sustainability into the software development
process.

4.2 lteration 2: Scoping and Initialisation

This phase involves incorporating practical insights from the company with academic rigor
to re ne the project's focus. Detailed discussions and extensive literature reviews ensure
alignment with the company's objectives and established theoretical frameworks, providing
a solid foundation for the solution.

4.2.1 Relevance Cycle

Detailed discussions with the company supervisor and focus group were conducted to align
with the company's objectives, understand its internal structure, goals, and key performance
indicators (KPIs). This engagement was crucial in tailoring the solution to be practical and
relevant to the company's needs. By comprehensively understanding the company's context,
the research was able to focus on addressing real-world challenges and aligning with strategic
goals.

The rst discussion meeting with a focus group was organized via a Microsoft Teams meet-
ing to gather initial requirements and understand their current practices and sustainability
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goals. The following questions were posed to achieve these goals:

Question 1. Who are the primary stakeholders in the software development process,
and what are their responsibilities?

Question 2: What are the existing tools that support sustainable software development?
Question 3: What measures are employed to support the sustainability metrics?

Question 4: What key performance indicators (KPIs) can be used to evaluate the im-
pact on sustainability?

Participants: The focus group members and their demographic details are presented in
Table 2).

No Job Role Company Size Industry Type
1 Design Lead Large ICT
2 Experience Manager Large ICT
3 | Technology Project Manager  Large ICT

Table 2: Focus Group Participants

Data collected: When asked about the primary stakeholders in the software development
process and their responsibilities, the response highlighted that business managers, experi-
ence managers, technical leads, architects, and designers are integral to ensuring that cus-
tomer value is delivered and that the solutions are both feasible and viable. Regarding ex-
isting tools that support the software development process, it was noted that sustainability is
incorporated through the procurement process, which includes sustainability considerations
during tendering, and by adhering to accessibility and usability heuristics during product
development. Measures to support sustainability metrics were discussed, emphasizing that
sustainability should be embedded at the core of the development process from the outset,
as addressing these aspects early on is more cost-effective than making adjustments later.
Speci cally, one participant noted:

“When we build products considering sustainability aspects from the very rst
steps comes cheaper than xing things later.”

Ongoing follow-up and adjustments to development practices are also encouraged. Lastly,
key performance indicators (KPIs) for evaluating sustainability impact are aligned with the
company's core values, which include Customer Orientation, Accessibility, Inclusivity, Us-
ability, Responsibility, Renewal, Results Orientation, and Collaboration.

In general, | presented my preliminary ndings and ideas for the sustainability framework
during this meeting, which facilitated a collaborative discussion and helped align the project's
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direction with the company's needs and expectations.

4.2.2 Rigor Cycle

Building on insights gained from the relevance cycle, theoretical ndings were applied to the
practical context to re ne the research focus and ensure academic rigor. Data from academic
publications was gathered and analyzed to extract relevant information that could inform the
solution design.

State-of-the-art: The foundational knowledge guiding this research encompasses several
critical elements. The Karlskrona manifesto serves as a cornerstone document for effectively
communicating key issues, goals, values, and principles of sustainability d&sigrkéarl-

skrona Manifesto for Sustainability Desigind.). This manifesto provides a comprehensive
framework for integrating sustainability into software development practices. Additionally,
the concept of sustainability dimensions underscores the multifaceted nature of sustainabil-
ity, encompassing social, individual, environmental, economic, and technical dimensions
(Bambazek, Groher & Seyff, 2023). Importantly, all sustainability dimensions must not al-
ways be addressed together to guarantee sustainability; the relevance depends on the type of
software system (Condori-Fernandez, Lago, et al., 2019). In this case, education at all lev-
els is recognized as pivotal for fostering sustainable practices in software design, ensuring
that long-term sustainability efforts are robustly supported across the industry. The manifesto
suggested that public awareness is critical to widespread adoption and wide adoption, in turn,
requires attention to usability changes (Karita, Mourdo & Machado, 2022). These ndings
highlighted the critical importance of raising and maintaining awareness about sustainability
within software development.

In relation to goal-based Requirements Engineering (RE), Ponsard (2018) underscores the
importance of systematically analyzing software sustainability objectives across multiple
dimensions facilitated by goal-oriented RE methodologies (Ponsard, De Landtsheer & Ger-
meau, 2018). This approach allows for the modeling and decomposition of sustainability
goals, revealing connections among different dimensions that helped structuring topics of
dimensions. On top of that, there is a necessity to de ne Key Performance Indicators (KPIs)
related to business goals that encompass sustainability aspects (Ponsard, De Landtsheer &
Germeau, 2018). The UN Department of Economic and Social Affairs has compiled a com-
prehensive list of approximately hundred of indicators covering economic, social and envi-
ronmental dimensions of sustainable development (The Department of Economic and Social
Affairs (DESA), 2007). These sustainable indicators serve as targets for sustainable software
systems, guiding the establishment of measurable requirements aligned with sustainability
goals. Importantly, sustainability indicators reveal the interconnectivity of different sustain-
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ability dimensions (Nystrom & Mustaquim, 2015, Gupta, Lago & Donker, 2021). Under-
standing these indicators, their interconnections, and successfully selecting the right ones is
crucial for effective sustainability assessment and value creation. Accordingly, the frame-
work creation process included aligning the company's KPIs and goals with sustainability
indicators and mapping them accordingly.

Overall, key theories relevant to the problem were identi ed through an extensive literature
review. The project focus was re ned based on the synthesis of academic and company data,
ensuring that the research question and objectives were precise and feasible.

4.3 lIteration 3: Preliminary Framework Execution

In this phase, the focus shifts to constructing an initial artifact, evaluating its effectiveness,
and re ning it based on received feedback. This marks a critical stage in the development of
a sustainability-aware framework for software development.

4.3.1 Relevance Cycle

Throughout this phase, a feedback loop was established through regular meetings with the
company and academic supervisors, facilitating continuous improvement and alignment with
stakeholder needs and expectations.

The company supervisor provided their existing solution which serves as the foundational
starting point for designing a sustainability-aware framework.

Data collected: The company's existing framework comprises the Prep, Pre-planning, Plan-
ning, and Execution stages. This framework is visually represented on the Miro Board, where
rows denote factors and columns represent actions. This setup allows for the integration of
sustainability dimensions and their corresponding actions, guided by dimension areas, into
the existing framework.

Importantly, the focus of this study in developing the framework has decided to be on Stage 1,
Design Thinking. This Design Thinking stage encompasses the Prep and Pre-planning parts
of the Miro Board. Additionally, the company supervisor provided feedback suggesting
that the framework should be both explanatory and reusable. Regarding the sustainability
dimensions and their associated areas, the supervisor recommended a focused approach due
to time constraints:

“To manage time limitations effectively, focus on 3-5 key areas for each sustain-
ability dimension.”
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Overall, the provided company solution provides insights into their current software develop-
ment practices and sustainability measures, forming the basis for enhancing and integrating
sustainability considerations. Speci cally, the ICT company highlighted their time and re-
source constraints when it comes to integrating a new sustainability-driven framework. By
leveraging these existing practices, the framework aims to build upon established methodolo-
gies and infrastructure, ensuring alignment with the company's objectives while promoting
ef cient integration and adoption within the organization.

4.3.2 Rigor Cycle

The synthesis of the academic data analyzed in this cycle helped build a solid theoretical
foundation for the project, ensuring that the design was both theoretically sound and practi-
cally applicable.

State-of-the-art: The research nds that design plays a signi cant role in shaping the sus-
tainability impacts of software. Although there is a lack of theoretical foundation demon-
strating how Design Thinking (DT) supports sustainability, it is believed to be a key driver in
transitioning to more sustainable practices (Tantiyaswasdikul, 2020). DT helps in de ning
problems to identify assumptions and statements, enabling creative solutions. Additionally,
DT approaches encourage collaborative working platforms where stakeholders can share di-
verse perspectives. Involving stakeholders, including end-users, early in the development
process is advocated for to ensure a holistic approach addressing social and environmental
concerns, thus fostering sustainable software development (Pacheco & Garcia, 2012). These
studies have highlighted that integrating sustainability dimensions from the start of software
development ensures that stakeholders systematically address sustainability goals, leading
to more sustainable practices and outcomes. This study aims to develop a framework that
integrates sustainable considerations, aligning with these ndings.

Furthermore these foundational frameworks informed this study further. Speci cally, in-
sights were drawn from existing methodologies such as the Plan Decide Execute (PDE)
Framework and the Sustainability Awareness Framework (SusAF). The SusAF (Penzen-
stadler et al., 2021), is designed to anticipate the impacts of IT products and services, and
raise the awareness of sustainability. It includes a structured set of questions, processes,
workbooks, reporting templates, and a moderation guide. The framework utilizes a sustain-
ability awareness diagram (SusAD) to visualize potential effects across ve sectors repre-
senting sustainability dimensions, each categorized into three levels indicating impact sever-
ity (Duboc, Penzenstadler, et al., 2020; Duboc, Betz, et al., 2019). The PDE Framework
provides insights into timeline management, problem description, and solution outlining,
encompassing risk and bene t assessments to guide decision-making processes. In addition,
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another framework is proposed that helps stakeholders to identify sustainability goals of soft-
ware systems by providing a set of questions that can be used as a guideline (Saputri & Lee,
2016). In this way, decision-making process can be supported by guiding questions.

Furthermore, the output of the framework can be used in later development and maintenance
stages. Managing requirements in the form of user stories has the most in uence on the
sustainability impacts of the software under development and of the nal product (Hoda,
Salleh & Grundy, 2018).

In addition, the study integrates key insights from user-centered design to advance sustain-
able software development practices. This includes stakeholder mapping and the creation
of sustainability personas, which are pivotal in this study (Blomkvist, 2006; Faily & Lyle,
2013). Sustainability personas serve as tools to simulate user behaviors and preferences, en-
suring that software designs meet diverse user needs while promoting sustainable practices
(Nielsen, 2013). This approach helps enhance the understanding and implementation of
social sustainability practices. Another study introduces an iterative process with two check-
lists: one for sustainability dimension needs for a system and another for a set of effects for
each of these needs (Paech et al., 2019). Using these checklists, the proposed process can
iteratively re ne software system requirements and balance sustainability dimensions. These
ndings informed the development of the framework, which incorporates such checklists to
ensure comprehensive sustainability integration.

4.3.3 Design Cycle

The design cycle involves creating the initial product, evaluating it, and making improve-
ments based on feedback. The preliminary version was developed using insights from aca-
demic research and company-speci ¢ data.

Speci cally, it was concluded that a modi ed version of the Sustainability Awareness Frame-
work (SusAF) should be developed and utilized during the Design Thinking stage. This in-
volves incorporating sustainability actions into the Prep and Pre-planning stages of the Miro
Board solution. As a result, the framework was designed to have three sequential phases:
Warm-up, Capture and Analysis. Accordingly, the following steps are essential to adhere to
the core structure of SusAF and apply it for evaluating a conceptual idea, software system,
or technical design:

Warm-up: Identifying sustainability dimensional topics based on the company's KPlIs;

Capture: Developing guiding questions aligned with these sustainability dimensional
topics;
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Analysis: Evaluation of feasibility of implementing software features or systems.

Designed artifact: The framework's goal was to explore the sustainability impacts of var-
ious software products and integrate sustainability considerations into the design decision
process, while highlighting potential challenges and opportunities. It was important for the
framework to be easy to follow and lightweight. The study focused on the Prep and Pre-
planning stages of the design thinking phase, as these stages are effective for utilizing the
framework in promoting early, iterative, and collaborative exploration of sustainability di-
mensions within software development.

Importantly, input and outputs of the designed framework were clari ed. They are as follows:

Input: your new feature/system with its initial requirements that you aim to design
before starting the actual implementation. This includes any documented user needs,
technical speci cations, and business goals.

Output: the initial feature/system requirements, enhanced with sustainability measures
derived from investigating potential sustainability effects. These re ned requirements
should incorporate environmental, social, technical, and economic sustainability con-
siderations.

- Phase 1. Warm-Up
This phase involves two crucial building blocks that signify the start of an exploration into
the sustainability impacts of your focused feature/system:

Sustainability Dimensions: Social, Environmental, Technical, and Economic.

Sustainability Dimension Topics:

Social: Trust, Inclusiveness and Diversity, Equality;
Environmental: Material and Resources, Pollution, Energy;

Technical: Maintainability, Usability, Extensibility and Adaptability, Security,
Scalability;

Economic: Value, Customer Relationship Management, Supply Chain, Innova-
tion;

Individual: Health, Lifelong Learning, Privacy, Safety.

- Phase 2: Capture

This section contains questions meant to guide design thinking and decision-making pro-
cesses. These questions aim to prompt thoughtful consideration, assess real challenges, and
identify opportunities for integrating sustainability into the development of your software
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product. By exploring these questions, cross-functional teams can uncover potential impacts
on social, environmental, technical, and economic dimensions, ensuring that sustainability
considerations are embedded early and effectively in the design decision process.

Figure 4: Capture Phase: Economic Dimension



Figure 5: Capture Phase: Technical Dimension
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Figure 6: Capture Phase: Technical Dimension (Continuation)
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Figure 7: Capture Phase: Environmental Dimension
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Figure 8: Capture Phase: Social Dimension
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Figure 9: Capture Phase: Individual Dimension

- Phase 3: Analysis

It has been concluded that the framework should also include an analysis phase to conduct
a trade-off analysis for the identi ed requirements. Hence, it was suggested to assess the
feasibility of software features or systems during the Design Thinking stage. For example,
a scoring system could be employed to evaluate features and their potential sustainability
impacts. This evaluation helps to identify challenges that need addressing and opportunities
for enhancement. It ensures that sustainability is effectively integrated into the design and
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development stages.

Figure 10: Feasibility

Here, feasibility pertains to the practicality of a feature, while impact refers to its sustain-
ability effects. Ideally, the company would focus on features that are both highly feasible
and have signi cant sustainability impacts.

This version served as the starting point for further development. To ensure that the frame-
work remained user-centered and aligned with project goals, three focus group meetings
were held to present updates and gather user feedback.

4.4 lteration 4: Progressive Re nement and Execution

During this phase, the research framework underwent iterative re nement and execution to
optimize its applicability and effectiveness in addressing sustainability challenges within
software development.

4.4.1 Relevance Cycle

Consistent engagement was maintained with university and company supervisors through
scheduled weekly meetings. These sessions were instrumental in facilitating ongoing dis-
cussions about the research progress, receiving valuable feedback, and making necessary
adjustments to align with academic rigor and practical relevance.
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A second focus group meeting was conducted via a 1-hour Microsoft Teams meeting to
showcase and evaluate the designed artifact.

Participants: The focus group members and their demographic details are presented in
Table 3).

No Job Role Company Size Industry Type
1 Design Lead Large ICT
2 Experience Manager Large ICT
3 | Technology Project Manager  Large ICT

Table 3: Focus Group Participants

Data collected: The main feedback was on simplifying the dimensional topics and re ning
the guiding questions to enhance clarity and usability. It was noted that the economic di-
mension questions needed further clari cation, as some appeared overlapping, and the list
should be self-explanatory for users to adopt effectively. It was suggested that technical di-
mensions can be addressed with simpler terms given their consideration during early phase.
Additionally, it was recommended to remove the individual sustainability dimension and the
scoring system for evaluating sustainability effects, as they added unnecessary complexity.
Instead, incorporating stakeholder perspectives through various roles in the product develop-
ment process was suggested. This approach, possibly in the form of a checklist, would better
support the evaluation of sustainability aspects, providing a structured framework aligned
with different roles and stages of development.

In general, the feedback received during these meetings informed further re nements aimed
at enhancing the framework's effectiveness in promoting sustainable practices within soft-
ware development processes. The focus group meeting session played a vital role in validat-
ing that the framework met user needs and expectations.

4.4.2 Design Cycle

During this phase, the rst complete version of the framework was implemented based on
iterative improvements and stakeholder feedback. This process aimed to translate theoretical
insights into a practical solution capable of addressing sustainability challenges in software
development. Regular weekly meetings with university and company experts were crucial to
review progress, discuss challenges, and gather essential feedback.

Designed artifact: This part demonstrates the revised framework based on the feedback
from expert discussions. Following expert discussions on the framework, several enhance-
ments were suggested. The recommendations included simplifying the sustainability topics,
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re ning the guiding questions, and removing scores to save time during the decision-making
process. The feedback emphasized the need for a more streamlined approach while still
encompassing critical aspects of sustainability and being more practical and user-friendly.

Figure 11 provides a high-level view of the developed framework as it integrates into the
existing Miro board. Detailed descriptions of the phases are provided below.

Figure 11: The Designed Framework with Sustainability Considerations

- Phase 1: Warm-Up
After identifying the sustainability goals of the company, the following topics were con-
cluded:

Sustainability Dimensions: Social, Environmental, Technical, and Economic.

Sustainability Dimension Topics:

Social: Inclusiveness And Diversity, Equality And Accessibility, Privacy And
Trust, Health And Safety;

Environmental: Energy, Pollution, Material And Resources, Logistics And Trans-
port;

Technical: Maintainability And Scalability, Usability, Security, Extensibility And
Adaptability;

Economic: Value, Innovation, Customer Relationship Management, Supply Chain.
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It is important to note that the individual sustainability dimension was removed based on
expert feedback; however, its relevant topics were integrated into the social sustainability
dimension where applicable. In addition, topics were modi ed and grouped based on their
scope.

- Phase 2: Capture

The modi cations focused on incorporating additional sustainability topics and simplifying
the guiding questions to make them more practical and time-ef cient. Importantly, different
stakeholder roles were incorporated to the framework. Speci cally, stakeholder roles were
aligned with the sustainability dimension topics according to their responsibilities, ensuring
that each set of questions is addressed by the appropriate stakeholders. Additionally, the
questions are structured like a checklist, allowing participants to categorize the nature of the
effect as either positive or negative. This distinction is useful for facilitating further analysis

in Phase 3.

Figure 12: Capture Phase: Social Dimension



Figure 13: Capture Phase: Environmental Dimension
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Figure 14: Capture Phase: Technical Dimension
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Figure 15: Capture Phase: Economic Dimension

- Phase 3: Analysis

During the nal phase, sustainability effects are assessed and prioritized. This phase has been
modi ed based on feedback recommending the removal of the scoring system for evaluating
feasibility. As a result, the analysis now focuses on the likelihood of sustainability effects
without assigning scores.

The objective is to integrate sustainability considerations into the development process by
evaluating both potential positive and negative impacts.

Negative impacts highlight the aspects that your system or feature is currently missing,
pointing out areas that need improvement or mitigation;

Positive impacts, on the other hand, re ect the strengths of your system or feature—those
that it already possesses or intends to incorporate.

Additionally, it is crucial to assess and prioritize these impacts based on their likelihood.
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Impacts considered very unlikely suggest areas where the company may not want to
allocate time and resources for immediate xes;

Impacts deemed very likely indicate higher importance, guiding the company to focus
its efforts on addressing these critical areas rst.

Figure 16: Prioritisation Matrix

Thus, the objective of this phase is to support decision-making with active incorporation of
sustainability aspects and to make stakeholders aware of potential bene ts and risks.

It is crucial to engage cross-functional teams with expertise in technical, social, environ-
mental, and economic domains to effectively implement this framework. Each dimension
of sustainability requires speci ¢ knowledge and perspectives to thoroughly evaluate the
impacts and opportunities associated with software products. This collaborative approach
ensures that all aspects of sustainability are addressed, leading to a more comprehensive
understanding and informed decision-making.

In general, this section focused on enhancements designed to optimize user engagement
and support the project's objectives, facilitating the seamless integration of sustainability
practices into software development processes.

4.5 lIteration 5: Final Execution and Analysis

This study concludes with the nal implementation and assessment of the developed frame-
work, representing the culmination of efforts to incorporate sustainability into software de-
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velopment practices.

45.1 Relevance Cycle

Initially, a survey was conducted within the target ICT telecommunication company to as-
sess their current sustainable software development practices. This aimed to identify chal-
lenges, stakeholders, and accountability for sustainability impacts. The survey questions
were collaboratively designed with the input of academic supervisors to gather insights into
how software engineering professionals de ne sustainability and their daily practices. The
survey was implemented using Microsoft Forms, and responses were gathered from four
employees. This data collection phase provided foundational insights into existing practices
and perceptions within the industry.

The workshop, conducted via a 1-hour Microsoft Teams meeting, was a pivotal session in-
volving a focus group of participants. During this collaborative event, participants were
guided through a hands-on exploration of the designed framework, speci cally applying it to

a practical case study scenario focused on the Recommendation feature. The session began
with an introduction to the framework's structure and principles, ensuring all participants
understood its components and objectives. Using the Recommendation feature as a case
study, participants were led through a step-by-step walkthrough of how to utilize the frame-
work effectively. This involved applying sustainability considerations to the feature's design
process. Discussions were encouraged to explore various perspectives and insights from dif-
ferent stakeholders, fostering an interactive environment where feedback and ideas could be
shared openly.

Similar to the initial survey, a second survey was conducted after testing the framework
to evaluate its impact and effectiveness. This follow-up survey ensured that the approach
remained aligned with practical needs and expert insights. The next sections will discuss
those steps in detail and provide data analysis on the collected data.

4.5.2 Evaluation

The evaluation of this framework involved a focused group of participants, following a struc-
tured approach to gather insights and feedback:

Pre-data Collection
Workshop Session

Post-data Collection

Initially, pre-data collection was conducted through a survey aimed at understanding demo-
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graphics, current practices, and the level of sustainability awareness among the focus group
members (see Appendix A). This phase provided a baseline understanding before engaging
with the framework. In this survey, questions were designed around the topics of demo-
graphics, current practices, and the current understanding of sustainability.

Participants (pre-data collection): The participants of the focus group were professionals
from the target ICT company for the pre-data collection process (see Table 4).

No Job Role Years of Experience Company Size Industry Type
1 Business Innovator 5and 10 years Large ICT

2 | Design Team Manager >10 years Large ICT

3 Team Manager >10 years Large ICT

4 Lead Test Engineer >10 years Large ICT

Table 4. Pre-data Collection. Demography of focus group participants

Subsequently, the designed framework was tested in a workshop session where participants
used a speci c example to navigate through it (see Appendix B). The session was limited
to one hour and supported by a guidebook prepared for participants to ensure ef ciency and
minimal disruption to regular company routines. Real-time feedback and insights into the
framework's usability and effectiveness in addressing sustainability challenges were gained
through this practical exercise.

Afterwards, post-data collection was conducted through a second survey, revisiting demo-
graphics, current practices, and sustainability awareness. This survey also gathered feedback
speci cally on the framework's performance during the workshop session. The questions in
the survey covered demographics, current practices, sustainability understanding, and eval-
uating the framework. These structured evaluations provided valuable data to assess the
framework's impact, usability, and potential for broader implementation within the software
development context.

Participants (post-data collection): Similarly, the participants of the focus group for the
post-data collection process were professionals from the target ICT company.

No Job Role Years of Experience Company Size Industry Type
1 | Business Innovatoy 5 and 10 years Large ICT

2 | Software developer 5 and 10 years Large ICT

3 Team Manager >10 years Large ICT

4 | Lead Test Engineer >10 years Large ICT

Table 5: Post-data Collection. Demography of focus group participants
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In conclusion, the evaluation steps included pre-data collection through surveys on demo-
graphics, current practices, and sustainability understanding, a workshop session testing the
framework, and post-data collection surveys to gather feedback on framework performance.
These steps provided valuable insights into evaluating the effects of various sustainability
practices within our framework, ensuring robust assessment and re nement of sustainability
initiatives in software development.

Data Collected: The feedback from participants highlighted the transformative impact of
the updated framework on their work practices. One participant remarked:

“Your work has been eye opening, and it has helped me thinking about which
steps we should tackle at what phase and which roles from the company we
should include to make sure the framework can be taken into use.”

This insight underscores the framework's utility in clarifying the integration of sustainability
into various phases and involving relevant stakeholders effectively. The adoption of the
updated framework has markedly in uenced work practices by providing structured tools
that facilitate the consideration of sustainability aspects. As another participant noted:

“It makes easier to take sustainability into consideration, when there are tools to
remind of different aspects.”

This structured approach ensures that sustainability is consistently addressed throughout the
development process. Speci cally, the framework's emphasis on integrating sustainability
into the pre-planning phase has been particularly bene cial. One participant highlighted:

“We integrate sustainability discussions too late in our process, so this frame-
work can help in having discussions earlier. ”

By prompting earlier and more comprehensive sustainability discussions, the framework
helps mitigate risks and aligns project goals with sustainable practices from the outset.

These comments represent just a small portion of the extensive feedback collected. All
data collected from both pre- and post-data collecting surveys is analyzed using Thematic
Analysis (TA), which is an accessible and exible method for qualitative data analysis. TA,
through its established guidelines, allows for the systematic identi cation, organization, and
interpretation of patterns of themes across a dataset (Braun & Clarke, 2012). The steps
involved include familiarizing oneself with the data, generating initial codes, and searching,
de ning, and naming themes. By adhering to these guidelines, the analysis aims to provide
insights into the underlying patterns within the collected data.
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4.5.3 Data Analysis

This section focuses on the analysis of data collected from both pre- and post-survey ses-
sions. It delves into the insights and ndings derived from these surveys to assess changes
and impacts. By comparing responses from the initial and subsequent survey phases, this
analysis aims to reveal trends and shifts in perspectives.

The gures below show the thematic maps for the pre- and post-data surveys in response
to the question: "What does sustainability mean to you, within the context of your work?“.
These illustrate the improvement in understanding and knowledge about sustainability.

Figure 17: Pre-data collection: Initial thematic map

Figure 18: Post-data collection: Developed thematic map

Similarly, the analysis was conducted for the following survey question: "What specic
actions or practices do you currently follow to integrate sustainability dimensions into your
work?*.
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Figure 19: Pre-data collection: Initial thematic map

Figure 20: Post-data collection: Developed thematic map

On top of that, the gure below illustrates the network of keywords used by participants in
their pre-data collection responses. It indicates that participants have a limited understanding
of sustainability in software systems, focusing mainly on social and environmental sustain-
ability dimensions.
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Figure 21: Pre-Framework Understanding of Sustainability in Software Systems

Furthermore, a post-data collection process conducted after the workshop sessions revealed
an improved understanding of sustainability in software systems, evidenced by the presence
of more keywords related to sustainability.

Figure 22: Post-Framework Understanding of Sustainability in Software Systems

The analysis reveals a notable shift from a narrow to a broad focus in sustainability awareness
between the pre- and post-data collection periods. Initially, respondents focused mainly on
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social and environmental sustainability, with broader aspects acknowledged but not deeply
integrated. However, the post-data collection phase indicates a notable transition to consid-
ering all sustainability dimensions comprehensively. This change is shown by the adoption

of a framework that signi es a move towards a structured sustainability approach. The post-

data collection feedback demonstrates a clear improvement, re ecting a more systematic
integration of sustainability into practices.

General feedback on the framework indicates both its strengths and areas for improvement.
Responses regarding the bene cial aspects of the framework for integrating sustainability
into the pre-planning phase highlight its usefulness for early sustainability discussions, which
are often delayed. It effectively addresses sustainability from multiple angles and offers
detailed guidance on critical considerations. Feedback on whether the framework encour-
ages insightful discussions about the potential effects of software systems on sustainability
suggests that the framework generally fosters meaningful conversations about sustainability
Impacts but success depends signi cantly on effective facilitation.

Regarding recommendations, responses suggest that addressing sustainability in product de-
velopment requires critical thinking and engaging a diverse range of stakeholders throughout
different project phases. Business, design, architecture, and legal stakeholders are crucial for
early planning, while project managers, IT security, development, and testing teams become
vital as the project progresses. It's important to ensure sustainability is integrated into all
digital service development processes and understood from each role's perspective. Previous
experiences with accessibility have shown that without embedding sustainability into daily
practices, important considerations may be overlooked early in the development process. To
comprehensively address sustainability, it is important to involve:

Product Managers: To integrate sustainability goals from the start.
Designers: To ensure accessibility and promote sustainable user behaviors.

Operations and DevOps Teams: To manage infrastructure sustainably and optimize
practices.

Quality Assurance Teams: To include sustainability criteria in testing processes.
Supply Chain and Procurement Teams: To ensure ethical sourcing of materials.
Customers and End-Users: To understand their needs and promote sustainable usage.

Corporate Sustainability Of cers: To align product development with corporate sus-
tainability goals.

Regulatory Bodies and Environmental Organizations: To ensure compliance with reg-
ulations and gain expertise.
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As for the challenges, the main concerns are that many people are unfamiliar with the sus-
tainability model and its practical application. Additionally, it is crucial to involve all stake-
holders in utilizing the framework, but this is not always feasible due to time constraints.

In conclusion, the thematic analysis shows a signi cant improvement in the respondents’
approach to sustainability, with a noticeable shift from a narrow focus on environmental
stress to a comprehensive understanding of sustainability. This development highlights the
effectiveness of the framework, which successfully expanded the respondents' perspective
to include social, economic, and technical aspects, thereby improving the overall quality and
integration of sustainability in their approach.

4.5.4 Design Cycle

The nal phase of the design cycle involved implementing and re ning the framework to
ensure it met all de ned requirements. The focus group workshop session ensured that it
was well-received and aligned with stakeholder expectations.

Overall, the main focus was on re ning the visual aspect of the framework to make it more
visually appealing and easier to integrate into existing practices. In this case, the questions
were organized according to their respective topics, and the relevant stakeholders responsible
for answering each question were indicated in the corner of the corresponding topic section.



Figure 23: Brainstorming on social effects

50






	Table of contents
	Introduction
	Context
	Objective

	Related Work
	Sustainability Definition
	Sustainability and Software Engineering
	Challenges

	Research Methodology
	Research Rationale
	Research Questions
	Study Design
	Relevance Cycle
	Rigor Cycle
	Design Cycle


	Results
	Iteration 1: Problem Identification
	Relevance Cycle
	Rigor Cycle

	Iteration 2: Scoping and Initialisation
	Relevance Cycle
	Rigor Cycle

	Iteration 3: Preliminary Framework Execution
	Relevance Cycle
	Rigor Cycle
	Design Cycle

	Iteration 4: Progressive Refinement and Execution
	Relevance Cycle
	Design Cycle

	Iteration 5: Final Execution and Analysis
	Relevance Cycle
	Evaluation
	Data Analysis
	Design Cycle


	Discussion and Threats to Validity
	Discussion
	Threats to Validity
	Interval Validity
	Conclusion Validity
	Construct Validity
	External Validity


	Conclusion and Future Work
	References
	Appendices
	Appendix Pre-Data Collection Process
	Appendix Post-Data Collection Process

