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Abstract  

The current software engineering workforce lacks an understanding 
of ways to tackle the different sustainability impacts of software 
solutions on users, society, and the environment. As a result, higher 
educational institutions are tasked with providing courses for training 
the current workforce and educating students, who are future software 
development practitioners, to have sustainability awareness and 
competency. However, there are few concrete sustainability 
guidelines and examples, specifically in requirement engineering, to 
guide software engineering students in higher educational institutions 
to evaluate the sustainability impacts of software systems and 
services. This paper reports the results of applying collaborative 
learning methods with a sustainability awareness framework and goal 
model to educate first-year software engineering master’s students in 
a requirement engineering course at LUT University, Finland. The 
requirement engineering course focuses on creating sustainability 
awareness among students and improving their competencies to 
become sustainability advocates in software engineering projects. The 
results detail the evolution of the requirements engineering course 
content and structure from 2020 to 2022 with a focus on the teaching 
methods, course content, student feedback, and lessons learned.   
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1 Introduction  

Building on the importance of collective actions amplified by the United 
Nations (UN) “Decade of Action” toward achieving Sustainable 
Development Goals by 2030 [1], software engineering (SE) educators are 
faced with increasing demand and responsibility to develop learning 
structures that will empower future engineers with a sustainability mindset 
at the individual, local, and global level to build solutions that transform the 
World [2]. In an effort to strengthen the future software engineers with the 
right mindset, sustainability education has therefore become a major topic 
within SE course development. The course design covers several topical 
areas that aim to equip the students on how to make the software 
development process sustainable by infusing sustainable development focus 
into the traditional SE courses [3], [4]. SE education is a competitive field 
with a huge contribution to the development of future engineers who are 
conscious of their environment and have sustainability thinking at the core 
of their product development activities [5]. 

Integrating sustainability concepts into SE education means teaching 
software engineering students to consider environmental and social impacts. 
For instance, students could analyze the potential carbon footprints of the 
software systems they build and learn techniques to improve energy 
efficiency, reduce e-waste, and proactively address any adverse societal 
effects of their solutions or tools. The ultimate goal of such integration is to 
equip the next generation of software engineers with the mindset and skills 
to build technology solutions sustainably - combining sustainability with 
software functionality. By providing SE students with sustainability 
training, they can better align IT practices with ethical imperatives, resource 
conservation, and the well-being of the environment and human ecosystems. 

Requirements engineering (RE) competence has long been identified as one 
of the most critical skills for achieving a successful software development 
process [6]. As a result, many higher education institutions (HEIs) have in 
recent years begun to review their SE course curriculum to reflect a deeper 
understanding of sustainability for students (future software engineers). 
While this understanding has been demonstrated in related courses, practical 

https://www.zotero.org/google-docs/?2KK4PV
https://www.zotero.org/google-docs/?WFrTQe
https://www.zotero.org/google-docs/?6y8Usc
https://www.zotero.org/google-docs/?m0KtW7
https://www.zotero.org/google-docs/?dmQGZq
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insights from infusing sustainability into requirements engineering curricula 
are limited. Most available programs rely on teaching sustainability in SE 
curricula mainly through class teaching, discussions, projects, or hackathons 
to empower students for sustainability. According to Maciag [2], one way 
to inspire software engineering students toward sustainability is by 
grooming them to be responsible and committed to the UN Sustainable 
Development Goals (SDGs) facilitated by learning experience which 
empowers them to develop solutions with fewer negative impacts. 

A poorly crafted RE process has always been the root cause of many 
software project failures because a well-trained RE professional is expected 
to have the competencies to document requirements through continuous 
interactions with customers and software engineers to elicit, elaborate, and 
understand customers' needs [6]. RE plays a crucial role in achieving the 
sustainability goal of system development, as a result, SE researchers 
categorized sustainability requirements as a quality attribute of correctness, 
and efficiency that must be considered by requirements engineers for 
software development to reduce the mid-to-long-term effects on system 
development [4], [7]. The interaction stage of the RE activities creates an 
opportunity to discuss and infuse sustainability thinking into the overall 
process and will require additional competence beyond the traditional RE 
processes. Accordingly, integrating sustainability thinking and mindset into 
the SE curriculum through the RE course at LUT university, Finland is a 
good step to empowering future requirement engineers to consider 
environmental and societal impacts in their requirement-gathering activities 
and documentation. LUT University is a Finnish public research university, 
funded in 1969 with a strong focus on sustainable technology, business, and 
social sciences. The university boasts over 7,000 students studying for both 
undergraduate and postgraduate degrees and from 98 different countries [8]. 
LUT University was ranked as the world’s top 15 in sustainable 
consumption and production in the Times Higher Education Impact 
rankings 2023 [9].   

The teaching experience at LUT University provides an opportunity to 
demonstrate the significance of sustainability thinking in teaching the RE 
course at the master’s degree level, wherein different teaching approaches 
were applied to demonstrate a practical consideration of sustainability issues 
in the course delivery and student’s projects. As both course organizers and 
researchers in SE, the authors took the teaching and learning steps further 
by collaborating with industries for real-life projects that students can work 

https://www.zotero.org/google-docs/?aGcI9Z
https://www.zotero.org/google-docs/?cbbO7L
https://www.zotero.org/google-docs/?p43dcP
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on in teams. Another addition to teaching the RE course includes inviting 
guest lecturers from both industry, academia and progressively building on 
the feedback from participating students and industry collaborators to 
develop a better integration of sustainability into the course content. This 
paper reports the experiences and lessons learned from developing and 
teaching the RE course at LUT University, Finland, over three years (2020-
2022). Additionally, the paper is also targeted at increasing awareness and 
understanding of the sustainability aspect of the software development 
process through the lens of RE among Master’s degree students in the 
software engineering department and to open discussion on the 
opportunities for HEIs to incorporate and strengthen sustainability 
competencies across software engineering courses. The remaining sections 
of this paper were designed as follows: Section II discusses the background 
and related studies. Section III provides information on the teaching design 
and methodology. Section IV details the results. Discussion is in Section V 
and Section VI covers the conclusion. 

2 Related works 

There has been a tremendous increase in the rate at which HEIs are 
demonstrating a strong commitment to advancing sustainable development 
education by institutionalizing delivery, assessment, and reporting [10]. In 
addition, institutionalization often comes with the additional responsibility 
of creating sustainability awareness through the design and delivery of 
courses that bring topical environmental issues closer to the student. For 
example, Penzenstadler & Fleischmann [4] propose a step-by-step approach 
for incorporating sustainability education into an undergraduate software 
engineering program curriculum by first, finding a dedicated core group and 
running an introductory sustainability-focused seminar for interested 
students and faculty. Second, build wider consciousness across disciplines 
via public campus lecture events exploring relevant topics, and lastly, 
leverage on the progress to offer methodological “train the trainer” guidance 
to strengthen and equip willing teachers to integrate concepts into the 
software engineering lectures as an ambassador for promoting the value of 
sustainability to the students. 

Ahmed and Shuaib [6] reported their experience of infusing Green IT into a 
requirements course, as part of a core software engineering curriculum. The 
findings revealed that sustainability education could complement technical 
software skills through increased sustainability discussions where students 

https://www.zotero.org/google-docs/?epsemU
https://www.zotero.org/google-docs/?FfTD6f
https://www.zotero.org/google-docs/?HJlQ4o
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demonstrate an adequate understanding of the relevance of such skills to 
future software roles. However, further work is needed on the most efficient 
methods and tools for such integration, especially to overcome the 
challenges of administrative buy-in. Porras et al [11] argue for a multi-
disciplinary framework to incorporate sustainability principles into 
computer science and software engineering curriculums at the master’s 
degree level to equip ICT professionals with environmental awareness and 
skills for building cleaner, greener, and more energy-efficient systems. This 
approach resulted in motivating a wide selection of students to cultivate and 
demonstrate sustainable mindsets for systems development. However, an 
evolving understanding of sustainability teaching across the core subject of 
SE curriculum necessitates further research to standardize progressive 
curricula for universal adoption. 

A study about integrating sustainability into Ukrainian software degree 
programs through the lens of generalist competencies  [12] revealed that 
while the majority of the students were neutral on sustainability’s direct 
relevance to software engineering, they were unanimous on the significance 
of activities targeting related competencies to foster versatile thinking and 
adaptable mindsets that empowered students to tackle complex software 
systems challenges. Similarly, a sustainability hackathon approach to 
learning for software engineering students [13] revealed that academia can 
foster sustainability thinking in students and respond to the UN’s call to 
action to address local sustainability issues by implementing the 
development of software solutions to tackle topical issues via a 
sustainability hackathon for prototype design. This approach empowers 
students to engage with the citizens to propose a technology-driven 
sustainability solution as a unique way of demonstrating sustainability 
education and awareness by both the students and the external community. 

A related study by Maciag [2] explores learning experiences that immerse 
software engineering students in the design and development of sustainable 
solutions using self-directed and community-partnered project experiences 
to positively shape students’ development of ethical reasoning and social 
skills. Through the approach, students were able to advance their knowledge 
of equity to build software solutions that address environmental 
sustainability [2]. However, the paper does not provide a clear guideline on 
how the experience from the course, as demonstrated by the students’ 
reflections, can easily be transformed into a real-life project. Further work 
is therefore required by researchers to expand the potential of exposing 

https://www.zotero.org/google-docs/?gy1W4h
https://www.zotero.org/google-docs/?cuDzyH
https://www.zotero.org/google-docs/?OfC2pR
https://www.zotero.org/google-docs/?zIAHKy
https://www.zotero.org/google-docs/?hy43q6
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students to ‘responsible attributes’ for building societal and environmentally 
responsible software engineers who are sustainability-conscious during the 
RE process and software development. Integration of sustainability into the 
SE curriculum has the potential to empower learners with new values and 
skills that trigger pro-societal and environmental behavior, reawaken a 
broader sustainability awareness and consciousness among academia, 
industry practitioners, and the general society to support a sustainable 
transition to a safer environment [13], [14]. 

Arony [15] provides an insight into the outcome of a software engineering 
program aimed at strengthening diversity and inclusive education through a 
community-engaged learning project and supportive network systems. The 
study [15] revealed that service learning and mentoring environments can 
uniquely empower minority participation and sustainable skills building - 
while also benefiting community partners. This approach can be better 
developed through an industry-academia partnership that brings about 
symbiotic relationships between academia and industry. 

2.1 Sustainability dimensions and order of effects 

Sustainability in software engineering is viewed in five dimensions [16] 
when considering software systems, products, and services:  

● The environmental sustainability dimension is about conserving 
natural resources and protecting global ecosystems to support health and 
well-being now and in the future. The focus is on “how software systems 
impact and affect the environment through resource consumption during 
and after design, development, and deployment of software systems and 
services.” For example, energy usage and CO2 emissions.  

● Individual sustainability refers to the maintenance of individual 
human capital and the ability to thrive, exercise their rights, and develop 
freely. Software engineers should consider how software systems and 
services support individual endeavors toward the goals of that person 
(end-user). Factors such as adaptation, personalization, and support for 
the user's mental and physical well-being are taken into consideration.  

● Social sustainability entails the maintenance of social capital and 
preserving societal communities by considering factors that affect the 
interaction between groups of people or communities such as trust and 
equality. The consideration of social sustainability dimension is 
centered on what impacts software systems and services have on society 

https://www.zotero.org/google-docs/?rdZ10R
https://www.zotero.org/google-docs/?RGAIEW
https://www.zotero.org/google-docs/?0PRGRu
https://www.zotero.org/google-docs/?6bzmUL
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through communication, interaction, trust, equality, and a sense of 
belonging.  

● Technical sustainability refers to the maintenance and resilience of 
software systems and services with evolution caused by continuously 
changing user requirements or technological conditions. The focus is on 
how software systems and services can be designed and developed for 
easy evolution, maintainability, and adaptability to changes in the future 
without completely discarding them.  

● Economic sustainability aims to maintain financial assets and provide 
value. The concern here is how software systems and services will 
guarantee stakeholders’ long-term investments are safe from economic 
risks and development in a cost-effective manner.  

The five sustainability dimensions are useful for viewing sustainability 
impacts from different dimensions. However, these different sustainability 
impacts can happen over different time spans. The European Information 
Technology Observatory (EITO) [17] reported three levels (first, second, 
and third-order effects), which can be used to view sustainability impacts at 
different time scales.  

● First-order (immediate effects) are the direct effects of the 
production, operation, usage, and disposal of software systems and 
services. 

● Second-order (enabling effects) of the operation and usage of a 
software system or service include any changes enabled or induced 
by the application of the software system or service. These effects 
are not tied to the actual software system but are a result of putting 
the software system to use. 

● Third-order (structural or systemic effects) represent structural 
changes caused by the ongoing operation and use of the software 
system or service. These are usually the consequences of changing 
habits due to the use of software systems or services, which 
typically take a longer time to evolve. 

The five sustainability dimensions (environment, individual, social, 
technical, and economic) with the three orders of effects are key factors used 

https://www.zotero.org/google-docs/?Opn7q2
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in teaching students about sustainability in the RE course and reporting the 
findings of this study.  

2.2 Sustainability in Requirement Engineering Education 

Educating software engineering students about sustainability is a growing 
area, and researchers continue to explore better ways to equip future 
software engineers with a pro-society and environmental mindset that puts 
the responsibility to lower the carbon footprint of developed software 
systems and solutions on the software engineers and related teams. For 
example, Mann’s Computing Education for Sustainability, (CE4S) 
framework [18] offers computing educators the resources and guidelines for 
integrating sustainability concepts into conventional education delivery 
using three distinguished approaches: centralized (teaching sustainability 
through the lens of one or two courses), distributed (teaching sustainability 
through the lens of multiple courses to reawaken students’ consciousness 
about a safer environment, society), and blended (through the lens of both 
centralized and distributed). However, there is little evidence on how the 
frame can sufficiently address the needs of today’s software engineering 
graduate learners. 

A related study builds on the strength of the Sustainability Awareness 
Framework (SusAF) [19] to introduce sustainability to computer science 
students through real-life industry projects, a practical reflection on 
sustainability issues between student teams and companies [20]. The result 
shows a promising way of transforming software education and significantly 
improving how SE students considered sustainability as a major requirement 
in their developed project. It, however, requires fundamental pedagogical 
changes that encompass rethinking learning design, and repurposing 
activities and assignments related to environmental impacts to train and 
empower future experts to be sustainability-conscious and take 
responsibility for adopting green coding in their solution delivery. 

Thus, learning about sustainability principles for software engineering 
students using a specific framework to create and strengthen sustainability 
awareness in the requirement engineering curriculum provides a foundation 
for students to consider practical requirement gathering, analysis, design, 
and problem-solving thinking with sustainability mindsets. This research 
presents experiences and results from teaching sustainability in requirement 
engineering courses from 2020 to 2022 using the SusAF framework [19] to 

https://www.zotero.org/google-docs/?pCdhmv
https://www.zotero.org/google-docs/?iNIUN1
https://www.zotero.org/google-docs/?1cb04N
https://www.zotero.org/google-docs/?SDEx3v
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integrate sustainability education into the curriculum of the software 
engineering program at the master’s degree level. In addition, the learning 
approach applied in the RE course is collaborative learning which covers 
project-based learning, peer learning, peer review, and problem-based 
learning. 

3 Teaching Design and Methodology  

This section details the teaching method, approach, and tools used in the 
requirement engineering course from 2020 to 2022 to promote sustainability 
awareness among software engineering students. Figure 1 provides an 
overview of the sustainability considerations during each requirement-
gathering phase. The goal is to educate and empower requirement 
engineering students in the software engineering discipline to consider 
sustainability during requirement gathering and analysis with stakeholders 
such as companies, customers, end users, and developers.  

 
Figure 1. Overview of sustainability in the problem and solution domain 
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3.1 Collaborative Learning 

The requirement engineering course requires students to work in teams to 
solve different problems assigned to each team. The process of problem-
solving requires social interaction and as a result, the collaborative learning 
approach was used in the course because it provides the right mechanism to 
encourage students to work and learn together through a series of tasks to 
create different solutions for a problem [21], [22] in the form of requirement 
documentation and models.  

The goal of using collaborative learning methods in the requirement 
engineering course is to foster learning through collaboration and interaction 
among students. Table 1 details the changes in the collaborative learning 
approaches and distribution of students across the three years (2020 to 2022) 
of teaching students in requirement engineering course. 

Table 1. Collaborative learning approaches and student distribution in the course from 2020 
to 2022 

Year Collaborative Learning Method Number of students 
2020 • Project based learning 

• Peer review  
119 

2021 • Project based learning 
• Peer review 
• Peer learning 

128 

2022 • Project based learning 
• Peer review 
• Peer learning 
• Problem based learning 

130 

 

The course design approach requires that students work together to gather 
the requirements with sustainability considerations to solve different 
problems. Figure 2 details the overall course structure in both Module 1 and 
Module 2 of the requirement engineering course in 2020, 2021, and 2022.  

https://www.zotero.org/google-docs/?cTNUIT
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Figure 2. Requirement engineering course structure 

The requirement engineering course structure overview in Figure 2 provides 
a breakdown of the different collaborative learning approaches applied in 
delivering the course. The following are detailed explanation of each part: 

● The weekly lectures were used to provide a theoretical 
understanding of requirement engineering to students and were 
designed to support peer teaching and learning. The lecture 
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instructor provides weekly lecture tasks (problems) in which 
students work with peers to research and find possible solutions for 
solving the presented problem. Peer teaching involves a peer 
learning approach that allows students to use past knowledge and 
current learning situations to understand and evaluate learning 
outcomes.  

● The guest lecture is structured to allow each guest speaker at the 
end or during the guest lecture to provide students with a problem 
for team discussion on the potential solutions. Student teams work 
with one another and present their solutions. Additionally, each 
student submits a self-reflection report on the entire process.  

● The course project is divided into two modules, Module 1 focuses 
on traditional requirement engineering, and Module 2 focuses on 
agile requirement gathering.  

o Module 1 applies project-based learning to aid skills in 
collaboration, interaction and project management among 
student teams [23]. Different student teams work together 
to gather requirements for companies with sustainability 
impact assessments. 

o Module 2 adopts problem-based learning among student 
teams to support the integration of sustainability 
considerations into agile requirement gathering. The goal is 
to facilitate problem-solving, analytical thinking, and 
critical thinking among student teams in finding solutions 
to industry problems. Problem-based learning allows 
student teams to identify what they need to learn, 
collaborate, and consider multiple perspectives in finding 
solutions to real-world problems [24]. 

● Peer Review is adopted for students to peer review other students' 
team solutions and documentation in group workshops. The goal is 
to encourage peer teaching and learning through constructive 
feedback and discussion among the student teams. 

● Team presentations allow student teams to present the solution to 
problems assigned to them as a team. Teams also demonstrate their 
ability to communicate team solutions concerning sustainability 
impacts clearly to stakeholders and respond to critiques from a panel 
of judges.  

https://www.zotero.org/google-docs/?5qHscV
https://www.zotero.org/google-docs/?NFgluR
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3.2 Approaches and tools 

The five sustainability dimensions (economic, environmental, social, 
individual, and technical), three order of impacts (first, second, and third), 
goal model, and the Sustainability Awareness Framework (SusAF) [19] 
were used in educating students about sustainability in the RE course. 

● The five sustainability dimensions [16] were used to broaden the 
student team's ability to think of sustainability from different lenses 
during requirement gathering, modeling, and analysis. The 
environmental lens helps students think of material and resource 
usage, waste and pollution, biodiversity, and energy usage. The 
social dimension was used to support student consideration of 
important elements such as a sense of community, inclusiveness, 
and diversity. The individual dimension lens helps students consider 
concerns about end users' health (physical and mental), privacy, and 
safety during requirements gathering. The technical dimension is 
applied to support students thinking about maintainability, usability, 
adaptability, security, and scalability requirements, and finally, the 
economic dimension is used to teach student teams the need to 
ensure financial prudence and value during the requirement 
gathering process.  

● The three orders of effects [17] were adopted to educate student 
teams about how to identify and classify sustainability impacts 
during analysis on a time scale. First-order effects are immediate 
direct impacts; second-order effects are related to enabling effects 
from using the final software products or services; and third-order 
effects are long-term effects known as structural changes caused by 
the ongoing operation and use of the software product or service. 

● The goal model [16] was applied to educate student teams on the 
right way to create and model sustainability goals for any software 
system or service behavior on different levels of abstraction, such 
as domain model, system vision, and usage model. 

● The Sustainability Awareness Framework (SusAF) [19] is used to 
guide student teams to identify the sustainability impacts of 
software products, services, and systems on the five dimensions of 
sustainability (social, individual, environmental, economic, and 
technical) across three orders of effect (direct, indirect, and 
systemic). SusAF includes a question set on each sustainability 
dimension, documentation templates for carrying out the SusAF 
workshop, and the SuAD template to present the chain of effects 
among identified sustainability impacts of any software product, 
service, or system.  

https://www.zotero.org/google-docs/?iNIUN1
https://www.zotero.org/google-docs/?AMHxcS
https://www.zotero.org/google-docs/?YdAKKe
https://www.zotero.org/google-docs/?6A9G1M
https://www.zotero.org/google-docs/?iNIUN1
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3.3 Course Feedback  

The course feedback was collected through a survey form which was 
designed using the university’s survey tool called “webropol” and 
distributed at the end of course completion. Students were sent the survey 
questionnaire link through their respective email and the data collected were 
analyzed in webropol. The survey is designed to get data for course feedback 
on the following: 

● Student motivation for the course 
● Course content and structure 
● The workload relative to the study credits awarded. 
● The teaching methods used in the course. 
●  How the teaching methods support student learning 
● Positive and negative aspects of the sustainability tools and 

approaches used in the course. 
● What aspects of the course need improvement 

The course feedback dictates the kind of course contents and guest lecturers 
to invite as the course evolves over the years. The result of the course 
feedback also provided insights on areas to maintain and improve within the 
requirement engineering course to provide better software engineering and 
sustainability competencies to the students. 

4 Results  

This section provides the results of the authors’ experience in infusing 
sustainability into requirement engineering courses from 2020 to 2022 for 
first-year software engineering master’s degree students at LUT University, 
Finland.   

4.1 2020 Requirement Engineering Course 

The requirement engineering course in 2020 was the first time the concept 
of sustainability was introduced to the student teams through a guest lecture 
to educate students on sustainability in software engineering. Figure 3 
provides the course content of the course in 2020 which provided the basis 
for developing the course to include more sustainability-related content for 
subsequent years (2021 and 2022). 
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Figure 3. 2020 Requirement engineering course content 

Project-based learning and peer review were the two collaborative methods 
applied in 2020. Student teams are presented with different software project 
cases from companies and can only choose one project to gather 
requirements for solving the company’s problem. The course project tasks 
were divided into Module 1 and Module 2.  Module 1 covers software 
project work and peer review. These are the project task activities for student 
teams during the software project case in module 1:  

1. Vision and Scope: The student team determines the purpose of their 
client project and then writes the project vision and scope document, 
including the context diagram.  

2. Initiating Requirements Management Plan and Planning for 
Elicitation: The student teams formally agree on the requirements 
management aspect to create a requirements management plan. They define: 

● How to share responsibilities within their team  
● Create a plan for elicitation. 
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3. Planning for Requirements Analysis and Modeling: The requirements 
management plan is updated to agree on modeling activities and 
prioritization practices. Followed by modeling as agreed based on the 
elicited requirements. 
4. Write Use Case and Software Requirements Specification: The 
student teams document requirements gathered from the client in the 
requirement workshop. They are tasked with creating: 

● Use Case Document 
● Software Requirement Specification (SRS) 
● Sustainability Analysis of Requirements Document 

5. Submission: Finally, student teams submit these five documents: 
● Vision and Scope Document 
● Requirements Management Plan 
● Use Case Document 
● Software Requirements Specification (SRS) 
● Sustainability Analysis of Requirement 

6. Peer Review: Each team is assigned the submitted project work of two 
teams to peer review in a workshop with other teams. The student teams 
then inspect the project assigned to them, following a review guideline to 
provide constructive feedback.  

The module 2 task involves a research project for the student teams to study 
a novel requirement engineering related topic and teach it to others. Student 
teams were required to complete the following steps: 
● Pick a novel topic for their team and propose it to the teacher. Possible 

topics are novel approaches, the introduction of tools, current trends, 
and data-driven requirement engineering RE.  

● After the topic has been approved, student teams write a research paper 
about the topic up to 15 pages. In the research paper, student teams need 
to introduce the topic and reflect on findings against what they have 
learned in the first module. Answer questions such as: 'in what ways is 
this topic different compared to conventional requirement engineering?'. 

● Peer Review: After the submission, the teacher randomly assigns two 
teams to discuss the paper content and peer review it to provide 
constructive feedback to the other teams following a set of guidelines 
for a good research paper.  
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● Finally, a presentation by student teams to the general class to explain 
their team research paper topic and provide insights with reflection on 
the topic.  

4.1.1 Course Feedback 2020  

The course feedback from students showed they were interested in learning 
more about sustainability in software engineering, especially in requirement 
gathering and analysis. Below are some excerpts from student feedback: 

“.....I would love more course content about  sustainability in this course” 

“There should be some dedicated lectures to explain in more detail the 
link between sustainability and software engineering because the guest 
lecture provided like overview. I want to know more and find out tools 
currently used for sustainability impacts identification in requirement 

gathering and software development” 

“The guest lecture opened my eyes that as software developer we 
contribute to the problems of sustainable development .....” 

“This course will help future students with more explanation on how the 
three pillars of sustainability relate to IT products...” 

4.1.2 Lesson Learned 2020  

The students' feedback showed there is interest from students to learn more 
about sustainability in software engineering and from the requirement-
gathering perspectives. Furthermore, digitalization has become a major key 
to the sustainable transformation of society, and the use of IT and software 
systems and services plays a huge role. These different software services 
and systems have a huge sustainability impact on people, society, and the 
planet. Therefore, it is important to equip students, who are future IT 
practitioners to be more aware of the sustainability impacts of the software 
systems and services being designed and developed. The feedback after the 
2020 course necessitated further development of the course in 2021.  
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4.2 2021 Requirement Engineering Course 

The lessons learned from 2020 provided the necessary insight to make 
changes to the requirements engineering course in 2021. The sustainability 
module was added to the course to provide students with a better 
understanding of sustainability focusing on the five-sustainability 
dimension in relation to software engineering, and the three orders of 
effects. Figure 4 details the improved course content in 2021 to include a 
complete lecture module on sustainability. 

 
Figure 4. 2021 Requirement engineering course content 

The project-based learning in module 1 was improved to cover sustainability 
goals and constraints in the vision and scope document. Student teams were 
tasked to consider sustainability factors of the different sustainability 
dimensions during requirement gathering and analysis. Furthermore, in 
addition to project-based learning and peer review, peer teaching was added 
to improve the overall collaborative learning experience of student teams in 
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the 2021 teaching. For example, the teaching approaches provided an actual 
company-linked environmental sustainability problem and tasked student 
peers to discuss and provide solutions during the lecture session. The 
module 2 task remains the same as the 2020 course content with a slight 
change of having research workshops among student teams to teach each 
other what they have learned while researching different topics. 

4.2.1 Course Feedback 2021  

Student feedback in 2021 centers on the need to add more content and tools 
to help students better understand the right way to elicit requirements 
considering the five sustainability dimensions and impacts on sustainable 
development. The peer learning and review provided students with a good 
learning experience within the course. These are some direct quotes from 
student feedback: 

“We learned about different ways of solving problems during the peer 
teaching and review of other teams project work” 

“...the peer review work provided me with a way to think deeply about 
how to give constructive feedback to other people's work and 

communicate better with my teammates.”  
“I would suggest the lecturer provide tools to support sustainability 

thinking in requirement gathering. What should be considered in each 
dimension because, to be honest, I can only relate more to the 

technical dimension with my team...” 
“..... One of the major problems of IT products and services is the lack 
of requirements for green deployment and I think we should have such 

requirements in SRS documentation.” 

4.2.2 Lesson Learned 2021  

The outcome revealed that students focus more on the technical 
sustainability dimension and struggle to incorporate sustainability 
considerations into their requirement gathering process for the other 
sustainability dimensions. There is a need to provide students with tools to 
support better sustainability consideration during requirement gathering 
covering the five sustainability dimensions and three orders of effects. 
Furthermore, we identified the need to include in the RE course a pre- and 
post-sustainability awareness survey of student understanding of 
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sustainability in software engineering. The analysis of such pre- and post-
sustainability awareness survey data can provide insights into student 
learning to better understand the level of improvement in their sustainability 
awareness instead of relying on only the course feedback. 

4.3 2022 Requirement Engineering Course 

The 2022 version of the course builds on the feedback from students in 2021. 
Two modules focusing on sustainability were added to the course content, 
as shown in Figure 5.  

 
Figure 5. 2022 Requirement engineering course content  
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The project-based learning in Module 1 was modified to improve student 
awareness and knowledge of sustainability using the goal model [16] and 
SusAF [19]. The requirement gathering, analysis, and documentation 
process was extended to include the SusAF workshop in which student 
teams identify potential sustainability impacts of their software project.  The 
goal model supported students in breaking down the sustainability goals of 
their project (software system or service) into business goals, usage goals 
and system goals.  Figure 6 presents an example of a student team goal 
model for their project: a new mobile game version called METRICS for the 
classic game Tetris with virtual reality functionality.  

 

 
Figure 6. Goal Model for METRICS game 

Furthermore, the student teams use the SusAF framework to identify 
potential sustainability impacts of software systems or services. Figure 7 
details an example of the identified potential sustainability impact across the 
five sustainability dimensions and chain of effects for the Metrics game 
from a student team project. The results (Figure 7) provide an overview of 
the potential positive and negative sustainability impacts of the METRICS 
games based on SusAF analysis. 

<Business Goal>
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<Business Goal>
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Minimize environmental 
impact

<Business Goal>
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Return of 

investment

<Business Goal>
[Social, Economic]

Share gaming 
experience

<Business Goal>
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revenue stream

<Usage Goal>
[Social]

Increase users social 
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<Usage Goal>
[Economic]

Efficient 
maintainability
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Ease of use
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<System Goal>
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<System Goal>
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interface
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https://www.zotero.org/google-docs/?6A9G1M
https://www.zotero.org/google-docs/?iNIUN1
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Figure 7. Sustainability analysis using SusAF for METRICS game 

Figure 7 provided a mix lens from different sustainability dimensions for 
looking at all identified sustainability impacts and chains of effects. For 
example, from the environmental dimension, the immediate effects (first-
order effects) of the METRICS game can lead to the use of energy for 
gaming which on the enabling effects (second-order effects) level leads to 
an increase in demand for energy and at the structural level (third-order 
effects) negatively contribute to climate change because of increase CO2   

emissions from energy usage. The student teams used the Figure 7 diagram 
to discuss mitigation measures to improve the negative effects identified and 
action to take advantage of the positive effects in their final solution. The 
use of tools like SusAF and the goal model helped to improve student 
awareness of sustainability in software products and their ability to reflect, 
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create, and analyze sustainability models during requirement gathering and 
analysis. 

The module 2 covers agile requirement gathering with sustainability 
considerations. The goal is to enable students to gain a practical and in-depth 
understanding of using agile processes to gather requirements.  In addition 
to peer learning, peer review, and project-based learning, a problem-based 
learning was introduced in module 2 to improve the collaborative learning 
experience of students in the 2022 course design. For example, student 
teams are provided with a problem related to an ambiguous requirement and 
asked to work together to find the requirement's weaknesses and possible 
improvements to the requirement. Another example is that student teams are 
given epic user stories and tasks by breaking them down into small, 
independent, estimable, and testable user stories and explaining the possible 
solutions. The module 2 agile requirement project requires student teams to 
gather requirements using the agile method. Student teams in this project are 
tasked to: 

● Self-direct and assign roles such as product owner, analyst, 
requirement engineer, developer, user experience engineer 

● Create user stories based on discussion in the requirement workshop 
with their client (customer) 

● Validate and refine user stories with the customer 
● Identify which sustainability dimensions and indicators are relevant 

for each user story 
● Prioritize user stories  
● Create acceptance criteria and agree with the customer 
● Create a product backlog with items based on the user stories  
● Submit their final project which is peer-reviewed by two other 

teams to get constructive feedback 
● Finally, student present their project work in module 2 to the whole 

class 
The course design in 2022 also adopted a pre- and post-survey to get insights 
into the difference in student awareness and knowledge about sustainability 
in software engineering before and after taking the requirement engineering 
course, as shown in Figures 8 and 9.  
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Figure 8. Pre-sustainability survey results  

Figure 8 details the key themes from the pre-sustainability awareness survey 
data of the students in 2022 before the requirement engineering course 
started. The key themes show that student understanding of sustainability is 
centered only on the environmental dimension and less awareness of the 
sustainability factors in other sustainability dimensions.  

 

Figure 9. Post-sustainability survey results  

Figure 9 provides insights into the post-sustainability awareness survey data 
of students after completion of the requirement engineering course in 2022. 
The data showed an improvement in student awareness and knowledge 
about sustainability in software engineering concerning requirement 
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gathering. The key themes that emerged from the survey data indicated a 
better understanding of sustainability among students because all the 
sustainability dimensions were covered by the themes that emerged from the 
data collected in the survey.  

4.3.1 Course Feedback 2022  

The requirement engineering course feedback in 2022 indicated students' 
learning improved with the use of case studies to present different 
sustainability problems to the student teams. Many of the student feedback 
shows students appreciated the use of problem-based learning, which made 
them learn, collaborate, and engage with other student teams during the 
course. The following are some of the direct quotes from some of the 
students. 

“I enjoyed and learned a lot throughout the whole process of my team 
working with other teams on the case study with different sustainability 

problems, especially finding ways to elicit and analyze requirements that 
cover the sustainability of the final software product.”  

“I feel like I am in a real company throughout this course because it is so 
practical and requires team collaboration to find solutions to problems 

presented to us by the teacher and company.”  

“I have learned really new things as a software engineering student about 
sustainability that I never considered before when thinking of the impacts 
software systems have on people and society, like mental health, sense of 

belonging, equity, trust, CO2 emission ....” 

4.3.2 Lesson Learned 2022  

The pre- and post-course sustainability survey was a useful mechanism to 
evaluate the level of student sustainability awareness after the course 
because it provided data to compare student awareness and knowledge of 
sustainability in software engineering. However, the authors identify that 
the course learning process can be improved through continuous feedback 
from students during the course. This can be implemented in the course 
through weekly reflection from each student/team to monitor student 
learning as it evolves throughout the course. Data from the weekly reflection 
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can provide insights into areas of improvement in student learning and aid 
in a reactive approach to course content during the teaching period for the 
course.  

5 Discussion  

The collaborative approach to teaching and learning in the requirement 
engineering course improved students' awareness, enabled them to have a 
better understanding of sustainability during requirement gathering, and 
provided a multifaceted learning experience that promoted student learning 
through active engagement, collaboration, and discussion. There is currently 
an increase in demand to educate software engineering students who will 
become future software development practitioners about sustainability in 
software systems and services [25] and their relation to the actualization of 
the SDGs [26].  

The engineering discipline is a key contributor to the actualization of 
sustainable development goals [26] and software systems and services are 
key parts of it [27]. Requirement engineering is the starting point for any 
software development or enhancement and is pivotal for the sustainability 
of software systems and services. However, requirements engineers lack the 
understanding and methodological support to identify and evaluate the 
potential sustainability impacts of software systems during requirement 
gathering [28]. Therefore, educating students who will become requirement 
engineers and software development practitioners to integrate sustainability 
thinking into requirement gathering and analysis will ensure they understand 
the ways to evaluate the potential impacts of different software solutions 
during the design, development, and deployment stages. 

The teaching and collaborative learning approach within the requirement 
course from 2020 to 2022 is tailored to support students in acquiring: 

● Systems thinking competencies: Analyze sustainability problems of 
different software projects across different domains and scales 
(local to global). The combination of local and global perspectives 
on all sustainability dimensions provides a holistic understanding of 
sustainability. 

● Future thinking (anticipating) competencies: How sustainability 
problems might evolve or occur over time through future vision. 

https://www.zotero.org/google-docs/?KDbYLJ
https://www.zotero.org/google-docs/?OiZEee
https://www.zotero.org/google-docs/?OPsKZr
https://www.zotero.org/google-docs/?WQpuBn
https://www.zotero.org/google-docs/?Hw29FL
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The use of the three orders of effects across the five sustainability 
dimensions provides future thinking knowledge and competencies 
to student teams. 

● Interpersonal (collaborative) competencies: Ability to motivate, 
enable, and facilitate collaboration towards sustainability. The team 
projects both in modules 1, 2 and SusAF workshops provide student 
teams with the experience to improve their collaborative 
competencies.  

● Value thinking (normative) competencies: Ability to specify, 
compare, apply, reconcile, and negotiate sustainability values. The 
peer learning and reviews allow student teams to practice 
comparing and negotiating sustainability values with other teams 
based on the different case studies and project work.  

6. Conclusion 

Education will play a crucial role in creating a future generation of industry 
practitioners to solve global sustainability problems. There are different 
challenges in achieving the sustainable development goals in which IT and 
software systems are key contributors, but they can also be catalysts for the 
actualization of the SDGs. Therefore, there is a need for higher education 
institutions to integrate sustainability education as part of software 
engineering programs to provide students with the different sustainability 
competencies required to solve most of the wicked problems affecting the 
world today.  

Software engineering students are the future creators of different digital 
software solutions that will have a huge impact on users, society, and the 
environment. It is therefore important to educate them on ways to consider 
sustainability factors and impacts during requirement gathering, analysis, 
design, and development of software systems and services. The different 
collaborative learning elements applied in the course are targeted toward 
creating sustainability awareness among students and helping them improve 
their understanding of the sustainability impacts during requirement 
gathering and the potential sustainability effects of software products and 
services on the five sustainability dimensions.  



28  

Furthermore, students should have competencies that cover the breadth of 
sustainability and knowledge of the strategies for developing more 
sustainable solutions. This will provide them with the necessary skills to 
become advocates of sustainability issues for their future or current 
organizations and clients in addressing sustainability issues in software 
projects, whether the clients and organizations appreciate them or not. Over 
time, they can address more issues and integrate more sustainability 
strategies into software requirement gathering, design and development 
work seamlessly. 
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