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Figure 1: Competing Visualizations of Sustainability.

ability eventually lead to questions of distributional justice
over access to (natural) resources, or whether there are other
aspects of social sustainability (e.g., human rights) that arise
independently from the question of how we allocate resources.

While we believe these questions are important, we do
not believe they offer a useful starting point for software
practitioners and researchers struggling with the question of
what sustainability means for them. A more pragmatic view
is shown in Figure 1(c), where sustainability is depicted as
a learning process by which we move towards integrated
thinking. Software practitioners tend to treat techno-centric
concerns (e.g., software qualities and the economic value they
create) separately from socio-centric concerns (how software
can make people’s lives better) and eco-centric concerns
(protecting the environment). Rather than asking whether it
is appropriate to balance these concerns, we should instead
be asking What methods and tools are needed to explore
inter-dependencies between these concerns, and to foster more
integrated and long-term thinking?

In the past few decades, production and use of information
technologies (IT) have had a dramatic effect on society, giving
us new tools and new capabilities, but also generating a
massive growth in demand for energy and other resources.
Software systems, in particular, play a transformative role, as
they enable dematerialization [30], drive consumption patterns
for products, services, materials, and energy, and facilitate
structural changes from consuming material goods towards
consuming immaterial services, such as the shift to listening to
music online instead of purchasing (and discarding) physical
records and CDs. They also collect, manage and distribute
information needed to understand long-running complex phe-
nomena ranging from climate data to personal health records,
and statistics on global equity and capital. As such, the
software industry increasingly represents a central driver for

innovation and economic prosperity, but simultaneously in-
creases social inequity, as people without access and technical
skills are left behind [31], and causes environmental damage,
as consumption of technology grows [32].

The approach we have adopted is to focus on how we
understand and take responsibility for the multiple interacting
opportunities and impacts of software technology, including
first, second and third order effects [33]. First order effects are
impacts and opportunities created by the immediate existence
of a software system, arising from its design features and
flaws. Second order effects are those created by the ongoing
use and application of the software, such as how it changes
what we do and what we’re capable of. Third order effects are
the changes that occur through the aggregated behaviours of
very large numbers of people using the technology over the
medium to long term (e.g., energy demand, mass surveillance,
etc). These effects play out across many domains.

Following Goodland [34] and Penzenstadler & Fem-
mer [35], we identify five sustainability dimensions:

• Environmental: concerned with the long term effects
of human activities on natural systems. This dimension
includes ecosystems, raw resources, climate change, food
production, water, pollution, waste, etc.

• Social: concerned with societal communities (groups of
people, organizations) and the factors that erode trust in
society. This dimension includes social equity, justice,
employment, democracy, etc.

• Economic: focused on assets, capital and added value.
This includes wealth creation, prosperity, profitability,
capital investment, income, etc.

• Technical: refers to longevity of information, systems,
and infrastructure and their adequate evolution with
changing surrounding conditions. It includes mainte-
nance, innovation, obsolescence, data integrity, etc.

Ref: Sustainability Design and Software: Karlskrona Manifesto, Becker, Chitchyan, 
Duboc, Easterbrook, Penzenstadler, Seyff, Venters, ICSE SEIS 2015 
 
Manifesto: http://sustainabilitydesign.org/karlskrona-manifesto/  



Pragmatic View: Software Design Agenda 
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Software systems, in particular, play a transformative role, as
they enable dematerialization [30], drive consumption patterns
for products, services, materials, and energy, and facilitate
structural changes from consuming material goods towards
consuming immaterial services, such as the shift to listening to
music online instead of purchasing (and discarding) physical
records and CDs. They also collect, manage and distribute
information needed to understand long-running complex phe-
nomena ranging from climate data to personal health records,
and statistics on global equity and capital. As such, the
software industry increasingly represents a central driver for

innovation and economic prosperity, but simultaneously in-
creases social inequity, as people without access and technical
skills are left behind [31], and causes environmental damage,
as consumption of technology grows [32].

The approach we have adopted is to focus on how we
understand and take responsibility for the multiple interacting
opportunities and impacts of software technology, including
first, second and third order effects [33]. First order effects are
impacts and opportunities created by the immediate existence
of a software system, arising from its design features and
flaws. Second order effects are those created by the ongoing
use and application of the software, such as how it changes
what we do and what we’re capable of. Third order effects are
the changes that occur through the aggregated behaviours of
very large numbers of people using the technology over the
medium to long term (e.g., energy demand, mass surveillance,
etc). These effects play out across many domains.

Following Goodland [34] and Penzenstadler & Fem-
mer [35], we identify five sustainability dimensions:

• Environmental: concerned with the long term effects
of human activities on natural systems. This dimension
includes ecosystems, raw resources, climate change, food
production, water, pollution, waste, etc.

• Social: concerned with societal communities (groups of
people, organizations) and the factors that erode trust in
society. This dimension includes social equity, justice,
employment, democracy, etc.

• Economic: focused on assets, capital and added value.
This includes wealth creation, prosperity, profitability,
capital investment, income, etc.

• Technical: refers to longevity of information, systems,
and infrastructure and their adequate evolution with
changing surrounding conditions. It includes mainte-
nance, innovation, obsolescence, data integrity, etc.
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ability eventually lead to questions of distributional justice
over access to (natural) resources, or whether there are other
aspects of social sustainability (e.g., human rights) that arise
independently from the question of how we allocate resources.
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not believe they offer a useful starting point for software
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what sustainability means for them. A more pragmatic view
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(protecting the environment). Rather than asking whether it
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software industry increasingly represents a central driver for
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creases social inequity, as people without access and technical
skills are left behind [31], and causes environmental damage,
as consumption of technology grows [32].

The approach we have adopted is to focus on how we
understand and take responsibility for the multiple interacting
opportunities and impacts of software technology, including
first, second and third order effects [33]. First order effects are
impacts and opportunities created by the immediate existence
of a software system, arising from its design features and
flaws. Second order effects are those created by the ongoing
use and application of the software, such as how it changes
what we do and what we’re capable of. Third order effects are
the changes that occur through the aggregated behaviours of
very large numbers of people using the technology over the
medium to long term (e.g., energy demand, mass surveillance,
etc). These effects play out across many domains.

Following Goodland [34] and Penzenstadler & Fem-
mer [35], we identify five sustainability dimensions:

• Environmental: concerned with the long term effects
of human activities on natural systems. This dimension
includes ecosystems, raw resources, climate change, food
production, water, pollution, waste, etc.

• Social: concerned with societal communities (groups of
people, organizations) and the factors that erode trust in
society. This dimension includes social equity, justice,
employment, democracy, etc.

• Economic: focused on assets, capital and added value.
This includes wealth creation, prosperity, profitability,
capital investment, income, etc.

• Technical: refers to longevity of information, systems,
and infrastructure and their adequate evolution with
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Ref: Sustainability Design and Software: Karlskrona Manifesto, Becker, Chitchyan, 
Duboc, Easterbrook, Penzenstadler, Seyff, Venters, ICSE SEIS 2015 
 

Manifesto: http://sustainabilitydesign.org/karlskrona-manifesto/  



How Do Software Professionals Perceive It? 

Ref: Sustainability Design in Requirements Engineering: State of Practice?,  
Chitchyan, Becker, Betz, Duboc, Penzestadler, Venters, ICSE SEIS 2016 

tative interview study on the current understanding of sus-
tainability and its related practices in the requirements en-
gineering profession. The study design is described below.

1) At the Planning stage, the interview questions2 were
designed collaboratively by all authors. The study was pi-
loted with one interviewee to validate clarity of questions
and the interview structure. Given that no major changes
were required, this interview was also considered in the anal-
ysis following the guidelines in [26].

The first stage of the interview centered on background in-
formation, finding out how requirements engineering profes-
sionals define sustainability, and on relevant activities they
undertake in their daily personal and professional lives. The
participants were then asked to read through a brief docu-
ment outlining principles of sustainability design [27]. The
second part of the interview focused on eliciting feedback
on if and how the practitioners would conceive to use these
principles in their work life and what would be the expected
di�culties in their adoption.

2) The Data Collection was undertaken both through in-
person interviews and via an online-conferencing software.
We interviewed 13 requirements practitioners from 8 coun-
tries (Austria, Brazil, Germany, Spain, Switzerland, Turkey,
UK, and the USA). All interviewees work in companies,
spend at least a third of their time on RE activities, and
have a minimum experience of one year full-time or two
years part-time in RE. Additionally, the interviewees ful-
filied other roles in their companies such as project man-
agers, product managers, and developers. The interviewees
(8 male, 5 female) had a mix of educational background (3
PhD, 7 graduate and 3 undergraduate degrees). Their ages
ranged between 25 and 59, with 6 interviewees in the 30-
39 age bracket. The mix of businesses covered in the study
included 3 small (1-49 employees), 6 medium (50-999), 2
large (over 1000 employees), and 2 Enterprise companies
(over 5000 employees). The business domains varied from
e-Voting to Enterprise Resource Planning, Software as a
Service, security, embedded systems, hardware distributors,
civil aviation, and energy.

10 of 13 interviews were held in English, 3 in Spanish.
All participants were native or fluent in the language of the
interview. All interviews were recorded and transcribed in
their original language. Spanish transcripts were translated
into English for analysis.

3) For Data Analysis, we used the qualitative content anal-
ysis method [28] to extract views and perceptions on sustain-
ability from these interview transcripts. A minimum of two
analysts read each of the interviews and coded the text with
conceptual categories relevant to sustainability perceptions,
as well as peer-reviewed each other’s work. An initial set
of codes were created by the first coder and was updated
with each following coding activity. The initial codebook,
as well as the updates, were discussed and agreed upon by
all co-authors of this paper, who are also the researchers
that worked on the coding task. A web-based text analysis
tool [29] was used to support the coding and review process.
Within the framework of qualitative content analysis, we
used a mixed approach of inductive category development
and deductive category application [28, 30].

Key findings of this interview study fall into three sec-

2The questions and the codebook for this study
can be found at http://sustainabilitydesign.org/

2015-interview-study.

Table 1: Key areas of findings on 3 levels.

Category Finding

Individual
findings

Sustainability as environmental or financial
Sustainability as separate from SE
Sustainability as a nice-to-have quality

The
professional
environment

Lack of methodological support
Need for mentality change
Assumed costs as barrier
Concerns of small companies
The role of the customer
Companies lack time
Engineers lack management support for it
Doubts about benefits for business
Perception of trade-o↵s and risks

Norms in
SE practice

Project success assessed at delivery only
Poor communication of sustainability values
Regulations are drivers for sustainability

tions, as summarized in Table 1, and are discussed in the
following sections. We reference the individual interviewees
by fictitious names to ensure anonymity.

4. STUDY FINDINGS

4.1 Individual Findings
What is sustainability about? We observed that only

3 out of 13 interviewees (Ray, Liz, Sam) relate sustainability
to its systemic and broad context. Ray noted that sustain-
ability is about allowing humans to “thrive”. Liz - similar to
Sam - stated that sustainability is “a general, wide-reaching
goal of making human life non-damaging to the planet”, and
that this is relevant for the present and the future as well
as for individuals and societies. These 3 individuals view
sustainability as comprising of environmental, social, indi-
vidual, and organisational concerns.
In contrast, the perceptions on what sustainability com-

prises are much more narrow and segmented among the rest
of the interviewees, with each of them focusing on one or a
few specific topics.
Typically, interviewees perceived sustainability as an is-

sue of natural resources availability and waste reduction. For
them, sustainability is about making“the use of non-renewable
resources e�cient“ (Amy) so that the society “can still go on
like thousands of years without running out of the resources”
(Eve).
Business and its process continuity is seen as another ma-

jor issue in sustainability. A number of interviewees (Cat,
Eve, Pat, Ray) refer to the need for business to be continued
in the long run.
Another topic closely related to quality is that of support

for change in software, which was the key notion of sustain-
ability for Max. To him sustainability is about “[...] sup-
portability, reusability, maintaining and updating [...]” or in
short about “Agility to update.”.
Is sustainability separate from SE? Several intervie-

wees (Ben, Pat, Eve, Jen) explicitly saw sustainability as a
separate field from that of Software Engineering. Eve stated,
“I am surprised that you are addressing this sustainability
issue in the context of SE.” This stems from their notion of
sustainability as only “[...] limited to natural resources [...]”
(Ben), and the view that things related to sustainability are



How Do Software Researchers Perceive It? 

Corpus- assisted discourse analysis:  

•  Defined in terms of 5 Dimensions 
–  Environmental, Social, Personal, Technical, Economic 

•  Interpreted in terms of Orders of Effects 
–  Direct, Indirect, Systemic 

•  Focused on “more sustainable”, so remaining 
unsustainable 

Ref: Characterising Sustainability Requirements: A New Species, Red Herring, or 
Just an Odd Fish?,  Venters, Seyff, Becker, Betz, Chitchyan, Duboc, McIntyre, 
Penzestadler, ICSE SEIS 2017 



Differences per Software Research Area 
Area Key concepts Motivation Main actors Sustainability requirement context
IS Cost effectiveness

Process improvement
Process structuring

Improve cost effective-
ness of process, aiming
for cost reduction.

Business, Regulators,
Customers

Metrics and controls context, “such as
operating and capital cost, safety, en-
ergy cons., waste gen., efficiency”

ICT Optimisation of IT
infrastructure, Green
computing, Environmental
sustainability, Sustainability
of IT services, Longevity of
energy systems

Improved resource and
energy efficiency of
ICT

Customers, employees,
business partners,
NGOs

Environmental sustainability related to
energy consumption and performance

SW
Eng

Software development process
models

Environmental impacts
of ICT

Software developers,
administrators, users

Implicit non-functional qualities

Sys
Eng

Optimize systems considering
sustainability issues

Economic expectations
and environmental con-
sciousness

All stakeholders
in context, noting
they have varying
background

Sustainability requirements have to be
communicated

Ergo-
nomics

Multi-dimensional understand-
ing with economic, social, and
environmental

Economic and
business-strategic
aspects, human factors

Wide range of stake-
holders, including all
designers

Environmental context and long life cy-
cles

RE Multi-dimensionality of sus-
tainability, Interdependence of
dimensions, Trade-offs, Gen-
eral models of sustainability

Make sustainability
more tangible, Make
related goals explicit,
Assess sustainability

Decision making
households and/or
software professionals,
regulators

Multiple dimensions and trade-offs:
‘Achieve acceptable level of service
(...), have min. impact on natural env.,
be socially and economically accept-
able’

Table VIII: Coverage of sustainability aspects in influential papers of key areas

Sys Eng SW Eng Req Eng
1 Orientation Aware Improving
2 Indicators Concerned index
3 safety Considering Incorporating
4 requirement Concept integrating
5 connectivity Dimensions advocate
6 social Debt dimension
7 requirements environmental dimensions
8 performance individual chair
9 environmental Define systematically

10 network Metaphor social
MI (8.4,5.1) (5.6,4.9) (5.6,5.2)

Table IX: Top collocates across selected research areas

ability. Büyüközkan et al. [43] argue that sustainability is
“using resources to meet the needs of the present without
compromising the ability of future generations to meet their
own”. Brent et al. [44] refer to the Brundtland definition [8]
and highlight that the concept of sustainability and sustainable
development can be understood intuitively, but it remains
difficult to express it in concrete, operational terms. However,
both Brent et al. [44] and Büyüközkan et al. [43] agree that
sustainable development is about achieving environmental,
economic, and social welfare for present as well as future
generations.

Both share the view that stakeholders have to communicate
sustainability requirements. In [43], the customer require-
ments represent the sustainability requirements of a supply
chain. However, neither provides a formal definition of the
term sustainability requirement.

Büyüközkan et al. [43] argue that key actors are all
stakeholders in companies benefiting from efficient supply
change management. Brent et al. [44] argue that the variety
in backgrounds of stakeholders such as health care personnel
and patients needs to be adequately considered in requirements

elicitation activities.
b) Software Engineering: Both Naumann et al. [45] and

Mahmoud and Ahmad [46] are motivated by the concern
that ICT has a negative impact on the environment due to
its increasing resource and power consumption, and aim to
improve resource or energy efficiency of ICT. For example,
Naumann et. al. [45] argue that it is not clear whether the
resource and energy savings through ICT overbalance the
resource and energy consumption by ICT.

The key concepts in both these papers are software develop-
ment process models with a strong emphasis on Green Com-
puting and Environmental Sustainability as well as sustain-
ability assessment metrics. While both papers acknowledge
that the impacts of ICT on sustainable development should
also include human and social sustainability, their focus is
environmental. Neither defines sustainability directly. Instead,
both cite a definition of sustainable software as ‘software
that meets its (realistic) sustainability objectives, expressed
in terms of direct and indirect impacts on economy, society,
human beings, and environment that result from its definition
and deployment’ [56].

Similarly, the term sustainability requirement is not for-
mally defined, though implicitly these requirements are consid-
ered to be non-functional qualities. In [46], these are specific
to environmental concerns, while in [45] they relate to other
identified dimensions as well.

The key actors here are software developers, administrators,
and software users. Mahmoud and Ahmad [46] argue that in
addition to supporting all the all stakeholders from developers
to users in creating, maintaining, and using software in a
’more environmentally sustainable’ way, the role of software
itself in maintaining and optimizing energy usage in ICTs
must be considered. However, Naumann et. al. [45] argue

Ref: Characterising Sustainability Requirements: A New Species, Red Herring, or 
Just an Odd Fish?,  Venters, Seyff, Becker, Betz, Chitchyan, Duboc, McIntyre, 
Penzestadler, ICSE SEIS 2017 



Social Sustainability: Case of Equality 

TABLE IV
OVERVIEW OF USED STUDIES

Study Overview Domain
Virtual Art Viewer (AV) [2] The VirtualArtViewer is a web application that allows people to explore wide range of

paintings and find information about every piece of art. System administrators create,
edit and store digital representations of the paintings and information about these
paintings. Users interested in paintings can use the website to search, view and print
painting they like.

Art

Travel App (TA) [72] The travel application aims at supporting travelers during their journey. In the appli-
cation, travelers act as information agents and share their travel experiences. Such
experience reporting helps other travelers to structure the traveling chaos, connects
travelers, and helps to enhance public services.

Travel

Campbell Prediction System (CP)
[8]

This is a training tool and decision support system based on the Campbell Prediction
System methods. The aim is “to compute, project and visualize the potential fire
behaviour, trigger points and alignments-of-forces on the fire-ground.”

Fire force training

Arcade Game Maker (AGM) [7] This is a set of single player games. Player can choose between three options: brickles,
bowling and pong. The requirements specification and design of these games aim to
assist the with the learning and application of the software product lines method.

Software Engineering
and Games

Personal Investment Management
System (PIMS) [9]

PIMS is a single user system to help investors to manage their investments in different
institutions. It is mainly a bookkeeping application.

Investment
management

TABLE V
EMERGING REQUIREMENTS PATTERNS

Variability Solutions for equal access to services Requirements
Technology used
(HW, AV, TA, CP,
AGM, PIM.)

Make the system available in different de-
vices (desktop, tablets, mobile, smart TVs,
kiosks), different operating systems (An-
droid, iOS, Mac, Windows)

Users with different devices and different operating systems must have access
to the system by providing compatible versions of the system running on
desktops, tablets, mobiles (AV,TA, PIM), kiosks (HW), smart TVs (AV, AGM),
and suitable for android, iOS, Mac and Windows.

Visual Disability
(HW, AV, TA)

Different format of information (audio,
video, text)

Users with blindness and visual impairment must be allowed to view informa-
tion in the system by providing the information in different formats such as
audio, video, larger text, and text in alternative colours.

Language (HW, AV,
AGM,TA)

Multilingual interface Users speaking in different languages must be supported in accessing the in-
formation in the system by providing multilingual website (languages included
can be based on the most used language in the world).

Information media
(HW, TA)

Speech synthesizer Users can record or query info through voice note that will be analyses through
Speech synthesizer.

Technical literacy
level (PIM)

Keyboard shortcuts Users with good computer expertise should be able to use the system using
keyboard shortcuts functions.

Age (HW) Suitable information details for all ages Users from different age ranges should be provided with suitable information
details for all ages.

Gender (HW) Suitable information without offending any
gender

Users from different genders should be provided with suitable information
without offending any gender.

Religion (HW) Acceptable information aligned with reli-
gious considerations

Users from different religions should be provided with acceptable supportive
information (religious food certificate, health and religious observances (e.g.,
healthy diet while fasting or lent), advice on medical procedures of religious
significance (e.g., circumcision or blood transfusion).

drove forth a new functional requirement for a specific type
of query, as shown in Table V.

C. Indicators and Measures for Value Patterns

As discussed in section III, the categorisation of equality
concerns has originally emerged from the qualitative analysis-
based coding with consideration of the metrics and indicators
of social sustainability. Thus, the proposed equality model
and its related requirements have, by construction, also a
set of underlying, and potentially valuable, measurements
and indicators. Although we do not review this feature of
the present approach in this paper, it will be evaluated and
discussed in a future work. Furthermore, since the values used
to build the equality value patterns also have a substantial
commonality with the ISO 26000 [10] and SA8000 [12]
principles and subjects (see section VI), we are convinced (as

also corroborated by the presented 6 sample studies) that they
will be applicable in different software domains.

VI. RELATED WORK

A. Social Sustainability
Social sustainability is an essential aspect of sustainability

concept that was introduced in 1987 [20]. Since then, several
sustainability frameworks have been adapted to assess social
sustainability. For instance, the life cycle assessment (LCA)
framework [40] has been extended to consider social sustain-
ability concerns [71] [33], [55], [51].

In terms of software engineering and sustainability, Nau-
mann and colleagues [63] proposed a conceptual reference
model to support software teams in development and main-
tenance of sustainable software. The model is built on LCA
where possible effects of software are analyzed and guidance
is provided for negative effect reduction.

Ref: Engineering Requirements for Social Sustainability, Hinai & Chitchyan, ICT4S, 
2016 



Software Product Lines: Economic Sust. 

Ref: Uncovering Sustainability Concerns in Software Product Lines, Chitchyan, 
Groher, & Noppen, Journal of Software: Evolution and Process, 2017 



Software Product Lines: Social and Personal 

Ref: Uncovering Sustainability Concerns in Software Product Lines, Chitchyan, 
Groher, & Noppen, Journal of Software: Evolution and Process, 2017 



Software Product Lines: Technical Sust. 



Software Product Lines: Environmental Sust. 

Ref: Uncovering Sustainability Concerns in Software Product Lines, Chitchyan, 
Groher, & Noppen, Journal of Software: Evolution and Process, 2017 
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Ongoing Work 

•  Sustainability requirements in Energy Systems 
–  Peer-to-Peer Energy Trading (EPSRC HoSEM project) 
–  Re-factoring Energy System for Sustainability (EPSRC Living 

with Environmental Change fellowship) 

•  Sustainability Requirements Interactions 
–  Sustainability Debt (with Christoph Becker and Steffi Betz) 
–  Requirements Interdependencies (with Ben Secretan) 
–  Interdependencies in SPL (with Iris Gropher & Joost Noppen) 

•  Common Foundations for Sustainability Requirements 
(with KM Group) 

–  Workshop on RE4SuSy at RE 2017 (with Karlskrona Group) 


