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Introducing sustainability in a Software Engineering curriculum
through Requirements Engineering

José Antonio Garcia-Diaz, Begoiia Moros Valle, Joaquin Nicolas Ros y Ambrosio Toval
Alvarez

Departamento de Informatica y Sistemas. Facultad de Informatica. Universidad de Murcia.
(joseantonio.garcia | bmoros | jnr | atoval@um.es)

Abstract

There is a worldwide concern in relation to the environment and sustainability.
Research programs at national, European and international levels, as well as
new public policies, are pursuing their objectives to solve these problems. The
awareness and education on this problem is a necessary and transversal ac-
tivity to all disciplines. Besides, Information and Communication Technologies
(ICTs) are one of the pillars of our society. The educational curriculum related
to this sector should be the entry point to learn about sustainable development.
Our proposal is the introduction of sustainability in an undergraduate com-
puter science curriculum, specifically in the field of Software Engineering. In
this work, the proposal is articulated around a critical discipline within Soft-
ware Engineering: Requirements Engineering. Therefore, sustainability will
acquire a leading role in the development process and will be part of the re-
quirements of the system. This action will also transfer awareness of sustaina-
bility to customers and end-users of these products. Our proposal is compati-
ble with the so-called Karlskrona Manifesto on sustainable development,
which defines the key aspects related to sustainability and ICT.

Keywords: Sustainable Development, Requirement Engineering, Sustainabil-
ity Awareness, Teaching Sustainability.

Resumen
Existe una preocupacion a nivel mundial en relacion al medioambiente y a la

sostenibilidad. Los programas de investigacion nacionales, europeos e inter-
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nacionales, asi como las nuevas politicas gubernamentales, estan encami-
nando sus objetivos en pos de solventar estos problemas. La concienciacion y
educacion sobre esta problemadtica es una actividad necesaria y trasversal a
todas las disciplinas. Las Tecnologias de la Informacion y de las Comunica-
ciones (TIC) constituyen uno de los pilares de nuestra sociedad, por lo que los
curriculos educativos relacionados con este sector deben de ser la piedra an-
gular sobre la que cimentar la educacion acerca del desarrollo sostenible.
Nuestra propuesta es la inclusion de la sostenibilidad en un curriculo de en-
sefianza universitaria de Informatica, dirigida especialmente al ambito de la
Ingenieria de Software. La propuesta se articula en torno a una subdisciplina
critica dentro de la Ingenieria de Software, la Ingenieria de Requisitos. Asi, la
sostenibilidad adquiere protagonismo de primer orden para los alumnos, mos-
trandoles como puede formar parte de los requisitos a tener en cuenta en la
construccion de sistemas, trasladando ademads esta concienciacion sobre sos-
tenibilidad a los clientes y usuarios de estos productos. Nuestra propuesta es
compatible con el Manifiesto de Karlskrona sobre desarrollo sostenible, que
define los aspectos clave relacionados con la sostenibilidad y las TIC.

Palabras clave: desarrollo sostenible, ingenieria de requisitos, concienciacion
en sostenibilidad, enserianza de la sostenibilidad.

Introduction

Sustainability can be defined as “the capacity to endure and preserve the function of a system
over an extended period of time” (Lago, 2015). Sustainability is nowadays a paramount con-
cern for society (Becker, 2015) although it is not present in the majority of Software Engi-
neering (SE) higher education curricula (Torre, 2017).

Information and Communications Technologies (ICT) contribute about 2% of global CO2
emissions, and they are responsible for approximately 8% of the EU’s electricity use (Calero,
2015). Electricity consumption of the ICT sector could increase by almost 60% between 2007
and 2020. As the ICT industry becomes aware of sustainability, the SE research community
has begun paying attention to sustainability (Lago, 2015).

Environmental sustainability is currently not supported explicitly in requirements engineer-
ing (RE) (Penzenstadler, 2012). This leads to the issue that (i) environmental sustainability
is not given sufficiently important in ICT yet; and (ii) environmental sustainability is difficult
to be specified in requirements and design and consequently hard to evaluate.
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This paper presents an educational initiative to create a complete, holistic view of system and
software requirements to be used for effectively teaching key issues, goals, values and prin-
ciples of sustainability for software intensive systems. This proposal is thought to be put into
practice in an undergraduate SE course at the Faculty of Computer Science at the University
of Murcia.

The structure of the remainder of the paper is as follows: In Section “Academic context” we
identify previous studies about sustainability and university computer science curricula. In
Section “Sustainable Software Engineering and Green IT” we describe the state of the art
related to Green IT. In Section “A method for introducing sustainability in a Software Engi-
neering curriculum” we propose how the methodologies and the software artifacts will be
combined in order to introduce sustainability in a Software Development Project Manage-
ment (SDPM) course. In Section “Description of the sustainability catalogs” we show the
sustainability catalogs. Finally, the results will be discussed at the end of this paper in the
Section “Conclusions and future work”.

Academic context

Regarding Computer Science education, sustainability was first proposed in the ACM/IEEE
Computer Science Curriculum in 2008 (Cassel, 2008), and then it was included as a
knowledge unit in the Social Issues and Professional Practice knowledge area in the latest
Computer Science Curriculum (ACM/IEEE, 2013), where it is considered transversally in
both Software Evolution and Human-Computer Interface. On the other hand, the Curriculum
Guidelines for Undergraduate Degree Programs in SE (ACM/IEEE, 2015) does not include
any mention to sustainability, while SWEBOK v3 (IEEE, 2014) only mention sustainability
once, in relation to SE economics.

A relevant objective is to enable requirements engineers to manage sustainability as a goal
or first-class quality (Penzenstadler, 2012) but none of the quality models such as ISO 25000
considers sustainability or the ecological aspects of software products (Calero, 2014). While
sustainability is a standardized practice in many engineering disciplines there is currently no
such awareness within the SE community (Penzenstadler, 2012). Misperceptions among
practitioners and research communities persist, rooted in a lack of coherent understanding of
sustainability, and how it relates to software systems research and practice (Becker, 2015).

(Torre, 2017) conduct a survey that shows that sustainability is underrepresented in higher
education curricula. (Lago, 2017) claim that from the perspective of former initiatives such
as the Millennium Development Goals (MDGs) and the Sustainable Development Goals
(SDGs) to the business perspective of the UN Global Compact study to the Smarter 2020 and
2030 future scenarios, all the solutions involve large amounts of software systems and ser-
vices. Thus ICT can work as an enabler—if software engineers know how to design for sus-
tainability. Therefore SE comes into play as a critical facilitator.
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Sustainable Software Engineering and Green IT

Sustainable Software is software whose direct and indirect negative impacts on economy,
society, human beings, and environment that result from development, deployment, and
usage of the software are minimal and/or which have a positive effect on sustainable deve-
lopment (Dick, 2010). A sustainable system should (i) be technically sound and adaptable;
(ii) positively contribute to its natural environment, or, at least, actively minimize its negative
impact (environmental sustainability); (iii) positively contribute to the personal well-being
and sense of worth of its users; (iv) positively contribute to cohesion and trust in the commu-
nity of its users; and (v) support continued economic prosperity of its situated business
(Chitchyan, 2015).

Green IT refers to the study and practice of the design, development and deployment of hard-
ware, software and communication systems with a positive impact on the environment
(Calero, 2015). When the goal pursued is to reduce the energy consumption and the resources
used by IT development, we are talking about Green in IT. When the focus is on using the IT
to achieve more environmentally-friendly systems in other domains, then it is called Green
by IT.

The Karlskrona Manifesto for sustainability design (Becker, 2015) states the key aspects re-
lated to sustainability and remarks the importance of SE in current society. The key-aspects
of the manifesto can be summarized as follows: i) sustainability is not an isolated property,
ii) sustainability is multidimensional, iii) sustainability is multidisciplinar, iv) sustainability
is timescaled and v) sustainability transcends the purpose of the system.

The dimensions defined in the Manifesto are described in Table 1.
A method for introducing sustainability in a Software Engineering curriculum

We propose to introduce sustainability concepts in the compulsory subject of third course
“Software Development Project Management (SDPM)” in the Degree in Computer Science
at University of Murcia. This subject is rated in 6 ECTS credits (European Credit Transfer
System) which is estimated to be about 150 hours of student work. It consists of 15 weeks of
lectures in the 6th semester with around 120 students enrolled. The sustainability issues will
be included within the lesson IV of the block III of this course which is about Requirements
Engineering (RE) methods.

Among the specific competences that students must acquire during their studies of this degree
(BOE No. 187, of August 4, 2009), we have identified two specific competences related to
sustainability::i) CEII11. Ability to analyze and assess the social and environmental impact
of technical solutions, understanding the ethical and professional responsibility of the activity
of the Technical Engineer in Computing”, which correspond to Specific Degree Compe-
tences and ii) CR1 Ability to design, develop, select and evaluate applications and computer
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systems, ensuring its reliability, safety and quality, in accordance with ethical principles and
current legislation and regulations, related to specific competences of the common module
to the computer science branch. None of the learning results of the course are directly related
to these competences. Thus, adding sustainable development theoretical concepts and prac-
tises to the SDPM course will help to achieve these competences. A full list of the compe-
tences can be found at the web page of the Degree of Computer Engineering of the University
of Murcia

Table 1. Sustainability dimensions of the Karlskrona Manifesto

Dimension Description

Concerned with the long term effects of human activities on
natural systems. This dimension includes ecosystems, raw

LA UCE! resources, climate change, food production, water, pollu-
tion, waste, etc.

Concerned with societal communities (groups of people,

Social organizations) and the factors that erode trust in society.

This dimension includes social equity, justice, employment,
democracy, etc.

Focused on assets, capital and added value. This includes
Economic wealth creation, prosperity, profitability, capital invest-
ment, income, etc.

Refers to longevity of information, systems, and infrastruc-
ture and their adequate evolution with changing surround-
ing conditions. It includes maintenance, innovation, obso-
lescence, data integrity, etc

Refers to the well-being of humans as individuals. This in-
Environmental | cludes mental and physical well-being, education, self-re-
spect, skills, mobility, etc.

Technical

The proposal for the inclusion of Sustainability from the RE stage consists in using the
SIREN methodology (Toval, 2002; Toval, 2002; Toval, 2008). SIREN promotes the defini-
tion and use of reusable requirements catalogs and it is also introduced in SDPM in block III,
lesson IV. The SIREN methodology promotes the creation and use of reusable requirements
catalogs. These catalogs are collections of requirements related to specific domains such as
security, usability, etc. The requirements of these catalogs can be easily adapted and reused
to specific use cases using boilerplates.

In this vein, regarding sustainability, two reusable requirements catalogs are proposed:
i) CAT-S1 which compiles good practices for Sustainable Software Development, including
programming good-habits and practices for a sustainable life-cycle development process and
i1) CAT-S2 which collects sustainable software requirements that software products should
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adopt in order to be sustainable. These catalogs are based on the generic model for sustaina-
bility proposed by (Penzenstadler, 2013) and the Karlskrona Manifesto.

The two reusable requirements sustainability catalogs would be described within the 4 hours
of classroom teaching scheduled for the block III, lesson I'V. Within this time we will intro-
duce Green IT to the students. The description of the CAT-S1 catalog will help to give an
overall description about the Green in IT approach and how engineers can incorporate sus-
tainability to their software development process. The description of the CAT-S2 catalog will
help to introduce sustainability requirements within the software requirements specification
documents. Both catalogs will be available to download via the Aula Virtual of the University
of Murcia, an online educational platform based on the open source platform Sakai. We will
request the students to perform a practical task to introduce sustainable requirements in a case
study by reusing the requirements from the CAT-S2 catalog. With this practical work we
hope the overall quality of the systems developed by future IT programmers will increase
their quality, durability and contribute to the environment. As RE is studied in the majority
of SE curricula, this proposal could be easily adapted to them.

This proposal fits in a Green by IT approach since it is focused on achieving sustainability
through the creation of more environment friendly software applications. There are other
ways to introduce sustainability in a SE curriculum such as introducing sustainability con-
cepts in software development methods which correspond to the Green in IT perspective.
This is explored in other related paper (Sanchez, 2017).

Description of the sustainability catalogs

The sustainability catalogs have been developed on the basis of the generic model for sustai-
nability proposed by (Penzenstadler, 2013). These authors define a meta-model that takes
sustainability as a cross-cutting goal, including the concept of goal that can be linked to di-
mensions, values, indicators, regulation and activities.

The sustainability catalogs are structured according to the five dimensions of sustainability
defined in the Karlskrona Manifesto. For this proposal, the requirements to be taught are
mostly included in CAT-S2. In Table 2 we show a brief list of some of the activities identified
from the CAT-S2 catalog classified by dimension. These activities could help the software
engineers to define the non-functional requirements related to sustainability during the requi-
rements elicitation stage.
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Table 2. Examples of activities which promotes sustainability in Green by IT perspective

Individual Sustainability

Allow users to provide feedback of the system to communicate failures and suggestions.

Allow customization of the Graphic User Interface (GUI)

Promote Internationalization requirements which support cultural issues.

Collect statistics to understand your audience behavior

Social Sustainability

Preserve and manage the knowledge of the company

Design backup-policies related to the risk mitigation policies of the company

Focus the GUI in the social acceptance of the technology.

Technical Sustainability

Propose open source solutions for third party solutions and libraries

Design for cross-platforms

Use development and automation tools

Economic Sustainability

Specify a sustainable business model

Leverage Internet presence

Leverage automation of tasks and teleworking

Environmental Sustainability

Reduce paper waste

Minimize energy consumption in the GUIs (reduce animations, etc)

Create command line interfaces to automatizate tasks

Individual Sustainability ‘

Allow users to provide feedback of the system to communicate failures and suggestions.

Allow customization of the Graphic User Interface (GUI)
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Conclusions and future work

With this proposal we will educate our computer science students in the sustainable develop-
ment. With the application of Green IT techniques they would create better environmentally-
friendly systems because they will acquire competences related to sustainability.

The results of including sustainable development concepts in the early stages of the system
only will be tangible in long-term. To validate our proposal we are planning to conduct a
survey to measure the importance that students give to sustainable development. In the Uni-
versity of Murcia, the SDPM course in the Degree of Computer Science is taught in the same
semester that in the program of Simultaneous Studies of Degree in Computer Engineering
and Degree in Mathematics in the fourth course. So, if we conduct the same survey to students
who learned concepts about sustainable development (Degree in Computer Engineering,
third course) and students who did not (Degree in Computer Engineering and Degree in Ma-
thematics in the fourth course), we can measure the effectivity of this proposal.
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