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Abstract. Software plays a crucial role in promoting sustainability,
yet there is no standardized approach for embedding sustainability into
Scrum agile software development process. With many systems now built
using agile methods, integrating sustainability into these practices is es-
sential. This paper presents an action research conducted with an indus-
try partner to demonstrate how sustainability concerns can be incorpo-
rated into the Scrum agile framework using previously published sustain-
ability elicitation techniques (e.g., we used the Sustainability Awareness
Framework for this action research). The goal of this study is to guide
software development practitioners in making sustainability-conscious
design and development decisions. Our findings show that even prac-
titioners with limited prior sustainability knowledge, were able to suc-
cessfully adapt their agile processes to integrate systematic treatment of
sustainability concerns.
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1 Introduction

Software systems play a pivotal role in all human activities [12] and are essential
for driving economic transformation and advancing digitization across various
sectors, presenting opportunities to mitigate environmental impacts, enhance so-
cial equity, and improve individual well-being [12] [3]. In today’s digital age, one
of the key drivers to achieve the digital transformation is to promote sustainabil-
ity in the systems we produce or use. Because software systems can undermine
sustainability via, for example, resource depletion for hardware and software
production needs, related carbon emissions, or biodiversity degradation [16, 19].

To illustrate the magnitude of this prospective dual impact in terms of global
CO2 equivalent emissions, it is reported that at present the (rapidly growing)
impact from ICT itself amounts to roughly 3% [15] of worldwide emissions and
is estimated to exceed 14% of the 2016-levels by 2040 [7]. At the same time,
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ICT with software systems at the core is claimed to be able to reduce the global
footprint of other sectors by up to 15% [14]. It is not a surprise, then, that
the software industry needs to concertedly address the sustainability issues of
their products and integrate sustainability into software design and development
processes.

Given that agile software development process is the current most widely
used process [1, 3] in software development companies, integration of sustainabil-
ity consideration into this process is paramount. To demonstrate the feasibility
of this proposal, this paper presents an action-research of a commercial software
product development, undertaken by a collaborative team of software practi-
tioners and academic researchers. This action research explores: how to integrate
sustainability concerns into the Scrum framework to help software practitioners
make decisions that consider sustainability? The goal is to provide valuable in-
sights into how sustainability can become integral to decision-making in scrum
agile software development.

The remainder of this paper is structured as follows. We start outlining the
background and related works regarding sustainability in software development
processes in section 2. Section 3 details the study design and research approach
taken, while 4 outlines the steps in conducting the action research. Section 5
provides the findings of our work and section 6 highlights the limitations of this
research. Finally, we provide our conclusions and future work in section 7.

2 Background and Related Work

Sustainable software development involves continuously evaluating and address-
ing the software system’s sustainability impacts throughout its life cycle to opti-
mize performance [27]. In software engineering, sustainability can be examined
from five dimensions: technical, environmental, economic, social, and individ-
ual[6]. The impact of software systems across these dimensions spans time: im-
mediately, in the mid-term, and further away future [25] by causing various
effects or systemic impacts on software systems.

Sustainability in software engineering [17] can be approached from two direc-
tions: software for sustainability and sustainable software. "Software for sustain-
ability" involves using software to achieve sustainability goals in other sectors,
such as managing energy consumption in buildings to reduce CO2 emissions
[11]. On the other hand, "sustainable software" aims to minimize the negative
impacts of production, use and decommissioning of the software systems them-
selves [20] which is the main focus of this study. Overall, software or technical
sustainability is perceived as a property to achieve system endurance [26].

In addition, there is the need to identify the sustainability impacts of soft-
ware systems and provide well-defined standardized practices for sustainability
impact identification and mitigation in each of the sustainability dimensions
(technical, environmental, economic, social, and individual). One framework ap-
plied in this study is the Sustainability Awareness Framework -SuSaF. A
question-based framework to help identify the potential sustainability impacts of
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software system impacts. The SusAF4 [8] requires both engaged conversations
with stakeholders (software development practitioners and end users) for the
identification of sustainability impacts of the developed software systems (across
social, individual, environmental, economic, and technical dimensions as well as
for direct, indirect, and systemic effects) and provides a set of questions that
facilitate the sustainability-related impact elicitation.

However, the awareness of software professionals about the software sustain-
ability impacts remains limited because developers lack a common perspective
on integrating sustainability into design and development processes [6]. While
researchers argue that software designs created with sustainability in mind can
lead to more sustainable socio-technical systems [13, 10, 8, 9], and recent studies
have explored how sustainability can be considered during agile software devel-
opment [5, 3], the actual integration of sustainability concerns into the software
development process remains fragmented. For instance, research on Agile prac-
tices for green and sustainable software [23] identified different agile practices
to support green software development, but the tool support to integrate the
practices in agile software development is missing. Another study [4] proposed a
Sustainability-Aware Scrum Framework to support the integration of sustainabil-
ity impacts into Scrum, but it was presented without an applied case example.
This study addresses critical gaps in agile practices by embedding sustainability
considerations within the scrum product backlog and sprint retrospective, pro-
viding agile teams with a practical way to operationalize sustainability within
Scrum processes.

3 Methodology

In order to evaluate how sustainability concerns can be applied in software de-
velopment processes, we aim to analyze its role in the context of agile methods,
being one of the most used software development processes by companies today
[1]. To address this challenge, we conducted an action research [24] 5 between an
industrial partner and the paper authors. In action research, we establish an ac-
tive collaboration between the researchers and the partners in order to generate
new knowledge. The action research was conducted to help software practitioners
integrate sustainability concerns into Scrum. The process started with forming
a research partnership and undertaking collaborative action research in iterative
cycles of planning, action, observation, and reflection [24].

3.1 Forming Partnership

The partnership formation began with three researchers and a product manager
from a software development company who reached out to the researchers (au-
thors) to explore how sustainability could be embedded into the company’s agile

4 https://www.suso.academy/en/sustainability-awareness-framework-susaf/
5 https://www2.sigsoft.org/EmpiricalStandards/docs/standards
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processes. The product manager recruited the software development team to col-
laborate with the researchers. Table 1 outlines the roles of the agile development
team members who participated in the study.

Table 1. Software development practitioners (Agile Team) from the company

No Job Title Years of Experience
1 Scrum Master 9
2 Product Owner 6
3 Programmer 6
4 Software Developer/Architect 6
5 UX Specialist 5
6 IT Manager 4
7 Software Developer 2
8 Software Developer 2
9 Junior Software Developer 1

3.2 Conducting Action Research

Planning: The action research study began with identifying the need to inte-
grate sustainability into the development process of a company’s software prod-
uct, “Labour Hire,” a platform for connecting service seekers with providers. To
address this, the company organized an initial Business Requirements Work-
shop, involving three researchers and the agile team. During this workshop, the
product manager introduced the Labour Hire software and outlined its goals,
while the product owner presented user stories. A primary challenge was raised:
how to embed sustainability concerns into their Scrum process and encourage
sustainability considerations during design and development. After reflecting on
this challenge, the researchers identified the Sustainability Awareness Frame-
work (SusAF) as a suitable approach. This framework was chosen based on its
effectiveness in raising sustainability awareness among developers by focusing
on five sustainability dimensions and three orders of effects [22, 13]. Addition-
ally, the researchers and agile team used insights from the SusAF workshop to
plan enhancements to the Scrum product backlog, incorporating sustainability
concerns, and to improve sprint retrospectives to address sustainability.

Action: With SusAF as a foundation, two researchers organized a second
workshop to train the agile team to use SusAF framework for the Labour Hire
project. This interactive session utilized online sticky notes for real-time collab-
oration, allowing team members to actively participate in understanding and
applying SusAF. Following the training, the agile team collaborated with the
researchers to develop a set of artefacts, including a list of potential sustainabil-
ity impacts specific to Labour Hire and the Sustainability Awareness Diagram
(SusAD), which visualized the software’s sustainability effects. Additionally, the
researchers and agile team used the data from the SusAF workshop to create two
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templates that will support concrete steps for integrating sustainability concerns
into the scrum process:

– The Sustainability Agile Requirements Toolbox (SART) integrates sustain-
ability impacts into the product backlog template within the Scrum frame-
work, serving as a key reference for development tasks during sprint planning.

– The Sustainability Sprint Retrospective template includes sustainability re-
lated questions designed to encourage agile team members to consider sus-
tainability in their discussions. This helps ensure that sustainability is inte-
grated into the next sprint’s planning and informs their design decisions.

The Agile team applied SART during the development phase by adding product
backlog items (PBIs) that included user stories, story points, owners, and the
sustainability impacts associated with each PBI. They also used the Sustainabil-
ity Sprint Retrospective template during retrospective meetings.

Observation: During the five two-week sprints following the workshops,
the agile team applied these new templates (SART and Sustainability Sprint
Retrospective template) to support their sustainability thinking and track the
sustainability impacts identified from SusAF workshop during the development
process. The agile team documented items from the Labour Hire project in
SART, ensuring that sustainability concerns were actively considered as items
moved from the product backlog to the sprint backlog.

Reflection:Throughout the project and sprints, the researchers and agile
team members analyzed the outcomes and collaboratively reflected on the effec-
tiveness of the interventions. The team evaluated the integration of sustainability
into the product backlog and sprint retrospectives, noting successes and identi-
fying areas for improvement. This reflective process not only validated the use of
SusAF, SART and Sustainability Sprint Retrospective template but also high-
lighted potential adjustments for enhancing sustainability practices in future
agile projects.

4 Action Research: Integrating Sustainability with Scrum

The action research is applied to a software development project referred to
as the “Labour Hire" solution for anonymity - is an online marketplace con-
necting labour service providers with service seekers, including companies and
households. The processes and activities to support integrating sustainability
concerns into agile process as depicted in Figure 1.The findings from each part
of the action research are further discussed below:

4.1 Business Requirements Workshop

The study commenced with the product owner presenting the Labour high soft-
ware with all the user stories and explained the goals for developing such a
software product. This was followed by a review of the company’s software de-
velopment processes and practices at a business requirements workshop (see
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Fig. 1. Integrating Sustainability into Agile Process (Scrum)

Fig.1 (a)). The Labour Hire product owner and agile team provided details of
their then current agile software development process as summarized below:

– Requirements were gathered through user stories involving customers/users
of the software products and the agile team (product owner, developers, UX
expert).

– User and customer interviews were carried out, involving direct communica-
tion between the design and development teams to better clarify user needs
and ensure alignment during requirement elicitation.

– Using a template, each team member took notes during customer or user
interviews to cross-reference and delve deeper into customer problems and
needs for the software products and services.

– Software product and service development was carried out using the Scrum
agile framework through several sprints.

Next, the product manager and the Labour Hire product owner expressed
the company’s wish to integrate sustainability concerns into their agile software
development process and increase sustainability awareness among their agile
software development teams but lacked knowledge of methods and experience
on how to do it within their company. Considering the outlined user-centered
requirements elicitation process and the lack of understanding of sustainabil-
ity concerns, the researchers proposed the Sustainability Awareness Framework
(SusAF) [22, 13] as a tool well-suited to the given context for sustainability con-
siderations.

4.2 Sustainability Awareness Framework

The suggested use of SusAF was deemed relevant by the agile team, and a
SusAF application workshop was arranged (see Fig. 1 (b)) to elicit the po-
tential sustainability impacts of Labour Hire. The workshop participants iden-
tified and prioritized the sustainability impacts of the Labour Hire software, as
illustrated in Figure 2. Impacts were categorized by likelihood and significance:
high impact and very likely to occur, high impact but very unlikely to occur,
low impact and very likely to occur, or low impact and very unlikely to occur.
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Fig. 2. Prioritize – Likelihood and Level of Impacts for the Labour Hire software

Fig. 3. Chain of Sustainability effects for the Labour Hire software

Positive impacts are highlighted in blue, while negative impacts are shown in
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red. High-impact, likely-to-occur impacts are displayed within the square box
in Figure 2, while impacts with lower likelihood or significance are positioned
outside the box.

The SusAF tool also suggests utilizing the sustainability awareness diagram
(SusAD) - an adapted radar chart used to facilitate discussions on chains of
effects (i.e., how impact on one aspect could evolve over time and cause other
impacts). The development team was invited to consider what issues or concerns
of the Labour Hire system would have positive or negative impact on the envi-
ronment, society, economic, technical or personal well being of its users as well
as makers in the near, medium and long term. Starting with an empty template,
the team populated the SuSAD for the sustainability effects for the Labour Hire
software as shown in Figure 3.

For example, the SusAD diagram (Figure 3) highlights key sustainability
impacts across various dimensions. Technical Dimension: In the immediate
effects, data gathering can enhance system accessibility (positive effect). How-
ever, the same data may be exploited for ad manipulation of end users (nega-
tive effect). Environmental Dimension: The increased energy demand of the
Labour Hire software is expected to lead to higher CO2 emissions. Economic
Dimension: In the short term, ad campaigns can generate revenue for service
providers within the Labour Hire software. Over time, the company is projected
to grow, reflecting the long-term structural effects. Thus, Figure 3 facilitated
the examination of the Labour Hire system’s chains of effects and prompted the
agile team to seek ways of integrating the impacts and effects identified through
SusAF into their Scrum process.

Fig. 4. SART product backlog for the Labour Hire software system
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4.3 Inclusion of Sustainability Dimensions

Figure 4 details a snapshot of the populated SART product backlog. The product
owner and agile team used the data from the identified sustainability impacts
in the SusAD diagram (Figure 3) to discuss and populate the SART product
backlog (see Figure 1(c)). Linking each Product Backlog Item (PBI) to a sus-
tainability impact and dimensions. This approach enabled the team to address
sustainability concerns consistently throughout each sprint as they designed and
developed the Labour Hire software.

4.4 Sustainability Sprint Retrospective

Every sprint concluded with a sustainability review as part of the sprint retro-
spective process using a template created by the agile team and researchers (see
Table 2 and Fig.1 (d)). Table 2 details the five sprint retrospectives from the
agile team during the development of the Labour Hire software system. The re-

Table 2. Sprint Retrospective: Observations, Reflections, Plans

Sprint OBSERVING: What
worked best and
helped sustainability
design decisions

OBSERVING: What
were the obstacles
and challenges

REFLECTING:
What can we do
differently to
improve the overall
sprint process?

PLANNING: What
should be
incorporated in the
next sprint?

Sprint 1 One developer played
the role of
sustainability rep to
keep the team on track
as they made design
decisions during this
sprint.

It was challenging to
use Jira and Excel
templates at the same
time. Team lacked
sustainability
knowledge and relied
on SusAF, templates,
and the researchers.

Incorporate the
sustainability impacts
into the sprint
backlog. Establish
some metrics to
measure the
sustainability of each
sprint outcome.

Add sustainability
impacts the sprint
backlog. The
researcher should join
our sprint planning as
a sustainability
stakeholder.

Sprint 2 The continuous
refactoring sessions
helped reduce
technical debt and
keep the codebase
clean. The cost-benefit
analysis was useful to
prioritize features that
deliver maximum value

Despite efforts to
optimize, the software
product energy
consumption is still
higher than the
desired consumption,
especially during
testing phases.

Identify and use better
optimization strategies
to improve the overall
software product
energy consumption.

Target reduction of
energy consumption by
15% in the next sprint.
Increase efforts to
ensure diverse team
participation in
decision-making.

Sprint 3 The optimization of
CI/CD pipelines
reduced the energy
consumption for the
build and deployment
processes.

Rapid iterations forced
fast development and
release, risking
inefficient code results.
This could cause
technical debt and
affect future
maintainability

Create a better plan
for each sprint
iteration with a focus
on supporting the
team to create quality
codes and test cases.

Work on efficient
resource allocation to
reduce delays in
certain tasks that
affect
cost-effectiveness.

Sprint 4 The implementation of
a modular architecture
is good, which will aid
in better long-term
maintainability and
adaptability in
subsequent
development
iterations.

For individual
sustainability, there is
still a lack of
personalization
features, which might
affect the ability of the
software to meet the
diverse needs of all
users

Prioritize the
implementation of
personalization
features for the
software

Add at least two new
personalization
features for the next
sprint. Add a green
awareness campaign
feature to educate
users about
sustainability. Add
accessibility features
for disabled users.

Sprint 5 Developers researched
and adopted green
coding practices,
producing more
efficient code. The
sustainability
representative pushed
to improve
environmental impact.

Some team members
felt overworked
because of the tight
deadlines

Introduce a system
that will monitor the
workload of the
developers in each
sprint to prevent
burnout.

Monitor team
workload. Add content
filtering to detect and
block hate comment

sults highlight the significance of having a dedicated sustainability representative
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within the agile development team. Green coding techniques and the appoint-
ment of a sustainability representative were among the early initiatives that the
team employed to stay focused on sustainability objectives. Through the work of
the sustainability representative as part of the agile team, sustainability became
a crucial component of the development process throughout every sprint.

Modular architecture and constant reworking were cited as tactics that sup-
ported the upkeep of a sustainable and adaptable codebase. The team also under-
stood the significance of reducing resource consumption in their software prod-
uct as well as the CI/CD pipeline. The agile team admitted that throughout the
sprints, they ran into problems as a result of their lack of experience with sustain-
ability, which they were able to resolve by using the SusAF results and backlog
as well as the retrospective templates. Furthermore, there were challenges while
using Jira and Excel templates for product backlog at the same time, which un-
derscores the need for more efficient procedures to support the agile team. The
team also faced issues with the high energy usage of the Labour Hire software
during testing, and the pressure to deliver features quickly which can result to
technical debt.

The retrospective meetings show a strong desire for process improvement,
with particular recommendations to evaluate sustainability results through met-
rics, refine sprint planning to prioritize code quality, and integrate sustainability
impacts into the sprint backlog. During the sprints, the team also targeted a 15
percent reduction in the energy consumption of the software as well as improved
resource utilization. These initiatives demonstrate the agile team’s dedication to
actively promoting sustainability as well as improving their overall practice.

Additionally, the agile team recognized that implementing personalization
features was essential to satisfying the diverse needs of different users which
prompted the agile team to include features to improve accessibility for disabled
users and educate users about sustainability. These design decisions demonstrate
an understanding that sustainability is not only about the environment but also
about developing inclusive and adaptable software systems for end users.

The tight deadlines and team workload led to concerns of potential team
burnout which prompted recommendations to implement workload monitoring
tools to manage the team workload in each sprint to avoid exhaustion. This
shows attention to the agile team well-being which is important to maintain
a sustainable pace of work for the team to meet its goals without sacrificing
their morale and health. The retrospectives also indicate awareness of ethical
considerations by the agile team with the recommendation to include content
filtering for detecting and blocking hate comments in the Labour Hire software.
This is an important step towards making the software socially responsible.

5 Findings

Drawing on our action research, we present a set of key findings, which are likely
to be relevant to the wider software practitioner audiences:
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5.1 On Key Components for Integrating Sustainability with Scrum

At present, to our knowledge, there are limited practical references that exem-
plify how agile software development takes into account the social, economic,
and environmental sustainability concerns in software development within soft-
ware companies [2, 23]. Fortunately, as illustrated by the action research (see
section 4), all key components necessary for such change towards integrating
sustainability into agile software development process are already present. More
specifically:

– The SuSAF framework supports the familiarization of software practitioners
with the notions of sustainability (i.e., its 5 dimensions, orders of effects,
chains of effects and impact magnitude), as well as

– The framework provides a set of questions that foster the initial identification
of sustainability requirements and effects.

– The adapted product backlog and sprint retrospective templates support the
agile team in considering sustainability impacts during software development
and design decisions.

5.2 On Scrum Process for Integrating Sustainability

It is even more encouraging to note that the agile development process (the most
commonly used process of the present day) does not require any foundational
changes to support accountability for sustainability-related practices. The La-
bor Hire team was able to start practicing a sustainability-supportive software
engineering process after only 2 workshops (i.e. after spending about 3 hours)
with the researchers. This demonstrates that an agile development team starting
with no previous knowledge or expertise of sustainability in software engineer-
ing can integrate sustainability considerations and expand their own software
engineering practices quite immediately. Additionally, these results address the
question raised by [4] regarding the impact of adding sustainability concerns
on Scrum’s lightweight nature and confirm that integrating sustainability into
Scrum Framework can preserve Scrum’s lightweight nature. Integrating sustain-
ability complements rather than disrupts agile practices, allowing teams to in-
corporate sustainability seamlessly while maintaining Scrum’s flexibility.

5.3 On Change of Mindset of the Agile Team

We also note that the few simple changes we co-designed into the team’s Scrum
process resulted in an astonishing impact on the mindset of the agile development
team of the Labor Hire system. The team is now adjusting their own development
practice so as to improve the sustainability impact of their software product, as
well as focusing on the individual well-being of the team members themselves and
the societal impacts of their software, and, finally, the team is working towards
spreading sustainability considerations across the wider company.

Additionally, organizational culture plays a crucial role in embedding sustain-
ability into agile processes. In this action research study, the shift in the agile
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team’s mindset toward sustainability was facilitated by a collaborative, open
culture where sustainability concerns were actively discussed and supported. In-
tegrating sustainability into agile frameworks requires cultural adjustments that
promote continuous learning and openness to new practices of the software devel-
opment team. The above observations are confirmed by the comments that the
team provided when requested to comment on what (if anything) has changed
in their practice so far due to using the adapted SusAF framework:

– Throughout the sprints, the team now holds conversations about their mental
and physical well-being

– The sustainability footprint of the software product is now evaluated at the
end of each sprint using the sustainability impacts and effects using SusAF

– To make comparisons with other providers easier, the team proactively asked
their cloud service providers for information on their CO2 emissions during
deployment

– The team has committed to ongoing sustainability dialogues within their
company, enabling them to make more informed decisions. For instance,
while transitioning to more sustainable cloud service providers might incur
additional costs, they are exploring options to influence their existing part-
ners and suppliers to reduce environmental impact

– Emphasizing inclusivity and community engagement, the team has priori-
tized accessibility in their product development endeavors

– The company has now started initiatives to investigate green coding tech-
niques and create teaching plans for their junior developers

In summary, our collaborative exploration of integrating sustainability into
the agile software engineering process of the Labor Hire team has led to trans-
formative changes within the agile scrum process used by the team, the team’s
mental model on sustainability, and the development company’s activities. As we
co-developed ways to integrate sustainability considerations and effects into the
team’s Scrum process, it also progressively advanced the team’s understanding
of sustainability in software development. Our research focuses on the integra-
tion of sustainability concerns into scrum agile software development. How such
integration impacts maintenance and evolution is equally important. Future re-
search could identify best practices, such as regular assessments and adaptable
frameworks, to sustain these efforts as the software system evolves.

Furthermore, the frequently pointed out software practitioners’ lack of un-
derstanding of sustainability in software development [8, 21, 18] was effectively
addressed through consistently applying the SART and the sustainability sprint
retrospective templates. The team’s understanding of what sustainability means
for their software product and process keeps developing, growing and evolving.
The commitment of the Labor Hire team to continuously seek ways of improv-
ing their agile software development process with sustainability considerations
(despite their initially limited sustainability knowledge) shows how a holistic
approach can grow. This, in turn would lead to software solutions that balance
sustainability concerns in any service delivery.
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6 Limitations

The industry partner’s interest drove the choice of the partner for this action
research. The researchers did not set out any objective selection criteria. Thus,
we make no claims about the representatives of this company or their context.
Given that the team members’ knowledge, motivation, and buy-in impact the
ease and speed of the process change, teams with other contexts will likely have
different barriers to adopting the suggested process changes.

The co-design of the Sustainability Agile Requirement Toolbox (SART) to
integrate sustainability into the scrum process was tailored specifically to the
needs of the collaborating company. SART may be more effective within soft-
ware development companies that are already motivated and interested in inte-
grating sustainability into their agile development processes. The data collected
is limited to one company project. However, the data collected and analyzed
in this action research provide valuable insights, guidance and inform the de-
velopment of specific sustainability practices for other companies interested in
sustainability in agile software development.

7 Conclusions

The action research undertaken with our industry partner demonstrated how
Agile development teams can effectively identify and prioritize sustainability
effects within Agile software development using SusAF. The use of SusAF to
identify potential sustainability impacts of the Labour Hire software system
before development enabled the Agile development team to link sustainability
effects to each item in the product backlog and conduct a sprint retrospective
with sustainability concerns covered at the end of each sprint.

Furthermore, the transformative shifts seen in the agile team’s practices,
mindset, and organizational activities demonstrate how sustainability integra-
tion can spark significant change in software development processes. A promising
move towards more sustainable software engineering practices was shown by the
agile team developing the Labor Hire system with a commitment to addressing
sustainability concerns, fostering inclusiveness, and engaging with stakeholders.
Future work based on the ongoing action research will involve exploring with the
agile development team the other components of the Scrum Framework (sprint
planning and backlog, daily sprints, sprint review) that can facilitate better
sustainability integration in agile software development and also report on the
evolving software development practices within the company. Looking ahead, we
envision a future where sustainability is inherently integrated into agile software
development approaches.
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