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Abstract 

 

Purpose: Taking on the task of teaching sustainable development can be a daunting challenge 

for any engineering teacher. Not only does it require new knowledge in terms of sustainable 

development terminology and concepts, you also need to get involved with the question of what 

sustainable development actually means within your engineering community. 

Approach: This paper describes a personal reflection on the transition from teaching a 

canonical engineering subject to involving the students in projects for sustainable development. 

This meant overcoming both the challenge of insufficient training as teacher and how 

sustainability has been interpreted within the software engineering community. The strategy 

follows the principles of cognitive apprenticeship where the teacher makes up for the lack of a 

dedicated master by involving a diverse set of external experts to facilitate the transition. 

Findings: The transition thus starts with observing how others interpret and manage the 

challenge within a software engineering course, moving through taking responsibility for the 

project part of a course on sustainability and giving guest lectures to finally having 

sustainability as topic in a project course. 

Practical implications: The contribution is a guideline which details both how to scale ambitions 

over time and seek collaborations for gaining access to the skills, knowledge and resources 

needed for carrying out the transition. 

Research implications: To what extent the guidelines work outside of the author’s context is an 

open question. Can similar collaborative environments be found elsewhere? And are they 

transferable to other engineering disciplines?  

Value: If sustainable development is to gain traction within engineering education there is a 

need for contributions describing how the current educators can be part of such a development. 

This is an attempt in sharing experiences to lower the threshold for others to take their own first 

steps. 

 

1. Introduction 

Sustainable development is recognised as a challenge to teach within the software engineering 

curriculum (Penzenstadler, 2013; Klimova et al., 2016). The challenge has been described as a 

confusion around how software engineering and sustainable development in general interact 

(Penzenstadler, 2013; Venters et al., 2014) but also as overloading educators as sustainable 

development requires subject knowledge beyond both canonical engineering courses in general 

(Azapagic et al., 2005) and software engineering courses in particular (Penzenstadler and 

Fleischmann, 2011). This is not exclusive for engineering education, e.g. Jones et al. (2008) 

report that the enhanced set of necessary knowledge and skills for including sustainability was a 

barrier for university teachers across a variety of university disciplines, the teachers simply felt 

overloaded by the task. 
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At the same time, “education is critical for promoting sustainable development” (United Nations, 

1992). In 2012, the United Nations again felt it necessary to emphasize the importance of SDE 

and declared an ambition “to promote education for sustainable development and to integrate 

sustainable development more actively into education” (United Nations, 2012). Yielding to the 

obstacles is clearly not an option, but it is still not obvious how teachers are to face the challenge. 

The aim of this contribution is subsequently to address how a teacher can transition from 

teaching a canonical engineering subject into an educator in sustainable development without 

becoming overloaded by the task? 

 

The theoretical framing of the contribution is presented in section two, Learning Together. 

Section three, Mastering Sustainable Development, describes the details of the transition from 

teaching canonical engineering to sustainable development while section four continues by 

discussing the main contributions. The conclusions and openings for future research are finally 

presented in section five. 

 

2. Learning Together 

 

The term cognitive apprenticeship derives from Brown, Collins and Duguid (1989), who use the 

metaphor of the novice and the master to describe the different strategies one can apply to master 

a new discipline. However, while the masters of the past taught a practical craft where the skills 

could be visualised through the work of the hands, academics of today are often involved in 

cognitive trades and the challenge is therefor to visualise the workings of the brain so that the 

cognitive process can be transferred from the master to the novice. To his or her aid, cognitive 

apprenticeship formulates six different strategies: 

 

Modeling – the master demonstrated the own reasoning behind a given situation, including 

deviations and dead ends so the novice can see the decisions and their effect and thus form his or 

her own cognitive model. Coaching – the master observes and provides feedback while the 

novice takes on a cognitive task. Scaffolding – the novice takes on a task where the master has 

excluded or restricted certain aspects so the task is less demanding or emphasises specific 

elements. Articulation – the novice verbalises the own thoughts and reasoning or thinks aloud in 

order to put words on the cognitive process and make the silent knowledge explicit. Reflection – 

the novice reflects on the own ability and skills in order to see what works and when, alternative 

paths or formulate new objectives. Exploration – the novice takes on a task in order to try the 

new skills and abilities without the guidance of the master. 

 

The authors stress that there is no given progression between the strategies, nor are they 

necessarily orthogonal. Instead, they are to be combined as appropriate for the specific context of 

each apprenticeship.  

 

Applied to an educational context, cognitive apprenticeship resonates with the ideas behind team 

teaching. Team teaching can be managed in many ways, where examples from literature include 

organizing cross-disciplinary courses where different teachers are responsible for the course 

content of their respective disciplines (Plank, 2012; Buckley, 1999); letting a team of faculty 

members be in charge of a set of courses to increase the alignment between course objectives 
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(Garmston 1987); or by having two teachers co-lecture a single course (e.g. Burden, Heldal, and 

Adawi 2012).  

 

For instance, Henderson, Beach and Famiano (2009) describe a team teaching setup where one 

teacher is the master and the other is the novice. In their case the master prepares the novice for 

lecturing by modeling his own understanding of teaching while the novice explores through 

giving lectures and then articulates and reflects with support from the master. In this way the 

teacher training takes the form of a cognitive apprenticeship where the novice is gradually 

introduced into teaching before becoming course responsible, i.e. the teaching activities are used 

for “training-on-the-job” (Buckley, 1999; Liebl, Burden and Heldal, 2017).  

 

3. Mastering Sustainable Development 

 

This section describes a sequence of events in order to show how the transition from teaching 

canonical engineering to sustainable development can be achieved. In the case of the author, the 

overall transition has followed a progression from observing masters and reflecting on their 

actions and analysis, over trying out scoped and limited activities within the own teaching to 

finally arrive at a point of exploring the possibilities of running a course both on and for 

sustainable development.    

 

3.1. Educational Context 

 

The answer is derived from the experiences of giving a project course on Software Engineering 

since the autumn of 2014. The course is given twice a year and is mandatory for students taking 

one of the four bachelor programs in Computer Engineering, Software Engineering, Business 

Management with an IT specialization and the Science Engineering Program (Burden, Steghöfer 

and Hagvall Svensson, 2019). In broad terms the course aims to facilitate the learning of how to 

run a software project, managing resources and time constraints while ensuring that the 

developed product delivers value to a stakeholder outside of the development team. The 

endeavor is supported by two introductory weeks where the basics of software engineering are 

introduced through lectures, agile project methodologies are tried through exercises and the 

scope of the project is given. Then follow six weeks where the students apply their knowledge 

and skills in a project supported by weekly supervision. The course is then concluded with a final 

presentation after which the students write a report reflecting on their application of agile 

methodologies, how the product delivers value for different stakeholders and their development 

choices in terms of used resources and technologies.  

In the context of the course, the definition of reflection follows Smith as “assessment of what is 

in relation to what might or should be and includes feedback designed to reduce the gap” (Smith, 

2001). The definition facilitates a structure for the students when they reflect as it makes the 

otherwise vague concept of reflection more operational – describe the current situation, describe 

where you want to be, describe what to change to get there. 

3.2. Baseline 

 

The journey begins in the spring of 2015. This was the first time the course was given by the 

author as course responsible, having successfully defended a PhD thesis the previous autumn and 
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therefor qualified to take full responsibility. The PhD studies contained an obligatory two-week 

course on sustainable development, which is the only formal training the author has on the 

subject. The assignment as course responsible was complemented by a position at a research 

institute.  

 

During this course instance the students could choose their own project scope and the focus 

during supervision was tool and technology related. There was no mentioning of sustainability 

nor partners with a stake in the project outcome.  

 

3.3. Modelling and Reflecting 

 

Through colleagues at the research institute involved in public transport there was an opportunity 

to involve the students taking the course during the autumn of 2015 in an open innovation 

contest promoting services to improve the public perception of public transport (Smith et al., 

2016). Thus began the first shift in engaging the students in sustainable development as the 

students developed applications promoting low-carbon modes of transportation, raising public 

awareness through gamification, facilitating more effective or enjoyable bus trips as well as 

digital services enabling more customer segments to choose public transportation.  

 

A key contribution was that it was the colleagues and the external stakeholders (representing the 

public transport authority, the operator, the bus manufacturer, the software and component 

suppliers, the local and regional government) that defined what sustainability meant for public 

transportation, how that translates into stakeholder value and subsequently evaluated the student 

contributions towards that end. The course assessment and learning objectives remained the 

same as previous years and the role as course responsible only changed as to merge the various 

activities of the contest with the standard course activities. E.g. three of the weekly supervisions 

were held at one of the stakeholders instead of a lecture room and the project scope was 

introduced at the launch of the contest instead of through a lecture. The student grades were not 

based on the externals stakeholders’ assessment of the delivered value but on the reflection 

report in which the students articulated their decisions and actions towards creating value in 

terms of promoting sustainable public transportation. 

 

The inclusion of external stakeholders as providers of course content was smooth, perhaps due to 

previous experiences of team teaching where the roles and responsibilities between the teachers 

are based on mutual trust and collaboration (Burden, Heldal and Adawi, 2012; Liebl, Burden and 

Heldal, 2017). Since the stakeholders motivated their decisions and reasoning through the 

different phases and activities of the collaboration, they enacted the modeling strategy and 

contributed novel insights possible to reflect on for defining what could be possible to do in 

terms of combining canonical software engineering and sustainable development in the future.  

 

3.4. Articulating, Coaching and Scaffolding   

 

The experience from 2015 was promising but it would take time before next opportunity 

emerged. A few opportunities arrived but either the ambitions of the external stakeholders did 

not fit the context of the course or the suggested topic was unsuitable for the students to work 

with based on their pre-knowledge. 
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So, it was not until two years later that plans were formulated to replicate the course 

organization, this time in another course. Through mutual contacts, a teacher responsible for a 

course on sustainable development and ethics for the bachelor program in Computer Engineering 

got to know about the setup in 2015. The course responsible articulated her intentions and 

approach to teaching sustainable development and the challenges she faced in making the topic 

relevant for the students. A plan was formulated over a couple of informal meetings which led to 

a formal request to the program manager for resources to change the course curriculum from a 

lecture-based course to a project-based course for the course instance to be held November 2018 

to January 2019. 

 

Here the experiences from 2015 came to use for organizing the project activities in the new 

course setup and involving a subset of the stakeholders from 2015 to define a suitable project 

scope. Again, the responsibilities were split so that the course responsible was in charge for the 

overall course organisation and lecture content regarding sustainability while the author took 

charge of the project organisation and scope.  

 

Due to the division of roles and responsibilities it was possible to be involved in supervising 

students during their project work and supply feedback on how their applications related to the 

sustainability goals in a general sense but also in relation to the specific aims of the external 

stakeholders. Here the task was to support the students in relating what they were currently doing 

to what the stakeholders had expressed during the project introduction in terms of ambitions and 

needs relating to sustainable development. In terms of cognitive apprenticeship it gave plenty of 

opportunities to articulate the own take on the intersection of computer engineering and 

sustainable development, in a scaffolded educational context enabling focus on a restricted set of 

the course activities as well as being coached on how the project activities were progressing from 

both the course responsible and the external stakeholders. 

 

3.5. Exploring 

 

With the experiences from the participation in the sustainability course it was time to take the 

last step and explore the possibilities to include sustainability in the software engineering course 

without external help. The course instance was given for the Software Engineering and Business 

Management students, where the latter had taken a course on sustainable development and ethics 

before taking the project course. This meant that they were familiar with the Sustainable 

Development Goals (United Nations, 2015) and their rationale. The decision was further boosted 

by being asked to give a guest lecture based on the experiences from collaborating with the 

computer engineering students the previous term. The guest lecture was given to students from 

the bachelor program on Science Engineering and the invitation came from a colleague of the 

course responsible from the course on sustainable development and ethics.  

 

The software engineering project course was subsequently conducted with sustainable mobility 

as the overarching theme. It was the same theme as during the autumn of 2018 but this time there 

were no external stakeholders acting as masters. Instead, the author relied on the knowledge 

gained by interacting with the masters from previous collaborations. 
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In terms of outcome the integration of sustainable development affected the assessment and the 

activities of the course organization while the learning objectives remained the same. That meant 

that there were no explicit learning objectives towards sustainable development but that the 

students had to relate how their value proposition and its implementation contributed towards a 

more sustainable mode of transportation. The teams were organized so that each team had at 

least two members from Business Management and therefore had a general understanding of 

sustainable development. To complement their knowledge a lecture was given on sustainable 

mobility, introducing concepts such as last-mile, cannibalism and mobility-as-a-service and 

relating the specifics of mobility to the general sustainability goals. During the supervision the 

teams reflected on their contribution towards sustainability in terms of value for whom and in 

relation to which context. The role as teacher was then to coach them to articulate their own 

reasoning in a scaffolded educational setting while modeling the own reasoning and motivation 

for the valuation of the team reflection.   

 

4. Discussion 

 

From analyzing the own progression from teaching an engineering subject to sustainable 

development, two main lessons can be learned – scale the complexity iteratively and 

incrementally while embracing the help of others to carry out the transition. 

 

4.1. Scaling complexity 

 

The first recommendation is to increase the personal commitment over time, to take new 

responsibilities and roles as the personal confidence and skills develop through experience. This 

resonates with Kolb’s experiential learning cycle (Kolb, 1984). By reflecting on the own 

experience it is possible to identify the next opportunity and subsequently new ways to move 

forward. This requires considering the possibilities and mapping these to your ambitions and 

goals as well as restrictions in order to determine if the prospect is strong enough to make the 

effort. Sometimes it is better to wait than trying to take on too much at the same time. After all, 

there is a reason why literature (e.g. Azapagic et al., 2005 and Jones et al., 2008) mentions 

overloading in terms of taking on sustainable development education.  

 

From a personal perspective it was instrumental that the first collaboration had digital services as 

a main component in what the students were asked to work with, had the scope targeted chemical 

compounds for new battery solutions or architectural solutions for bus stops, the task of 

integrating the collaboration with the own teaching had been overwhelming.  

 

On the other hand, a course on software engineering should not become a course on sustainable 

development, but could be a course where students learn software engineering by applying their 

skills and knowledge for sustainable development. Such a transition does not require a change of 

learning objectives but instead a reorientation on what kind of software the students are to 

produce and subsequently, which stakeholders they are to interact with.  

 

4.2. Strength in Numbers 
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The second recommendation is to partner with people and organisations that can share the 

responsibilities and provide the skills and knowledge you do not have yet as well as provide 

resources that you need for the transition. Then the partnerships can evolve over time as new 

needs and opportunities arise, or you team up with new actors if that resonates better with your 

own progression. 

 

Teaming up with your peers follows Boyer's idea on integrating education with applied and 

fundamental research (Boyer, 1997) so that different actors can enrich and learn from each other. 

In 2015, the consortium representatives also gave access to a network of other professionals 

which the students could tap in to and benefit from in their own professional development. The 

setup also enabled professional development for the involved teacher, in terms of knowledge in 

sustainable development as well as getting to know new peers for future collaborations. 

Collaborating with external stakeholders also saved time since some course activities were now 

planned and carried out by others than the course responsible. And the students got to act for 

sustainable development and had the opportunity to reflect on their coming profession as 

engineers while reporting that they enjoyed being taken seriously by their future peers.  

 

Collaborations pose new challenges for both teachers and students in how to reach out and get 

involved with external stakeholders but that is also an important task to acknowledge if 

universities are to train engineers capable of managing the challenges of the future. And by 

trying it yourself you will be better prepared to coach the students and model your own 

reasoning. The importance of collaboration with non-academic partners is also high-lighted by 

Agenda 21 in relation to promoting ``teaching approaches on sustainable development'' (United 

Nations, 1992). There are several publications on how engineering education and outreach with 

non-academical partners can be combined for teaching professional skills, see for instance Coyle 

et al. (2005), Klimova et al (2016) or Steghöfer et al. (2018). And since outreach is a core 

assignment for academia there is often a central university body that can help in setting up 

partnerships as well. 

 

Remember, you are not alone. Someone else is struggling with the same challenges, or they want 

to get in touch with future employees who can contribute to their products and services, or they 

are teaching a course on sustainable development and want your help in finding concrete and 

relevant tasks. Either way, together you can complement each other in terms of knowledge and 

resources in teaching sustainable development. And being more than one makes reflecting on the 

outcome and defning the next step more enjoyable and productive.  

 

4.3. Limitations 

 

Guba lists four criteria for assessing the trustworthiness of qualitative research (1981): 

1. Credibility - How well do the results mirror reality? 

2. Dependability - To which extent are the results dependent on the analytic process? 

3. Transferability - To which extent can the results be applied to a wider population? 

4. Confirmability - To which extent are the results dependent on the attitudes of the 

researchers? 

Credibility was addressed by assessing the implementation and outcome of each iteration 

together with the involved stakeholders. In this way the analysis was not the result of the sole 
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author although framing them in terms of team teaching and cognitive apprenticeship is. This 

leads us to the question of dependability which was met by detailing the context of each cycle 

and the implemented changes so that the reader can assess the logic of the reasoning and judge to 

what extent the results are transferable to the own context. The contribution resonates with 

Denscombe (2000), who argues that iterative research should both consist of a sequence of 

changes to improve a given situation as well as generating guidelines for best practices. Finally, 

the theoretical framing was not chosen before the transition began. It has slowly grown and taken 

shape during the last iteration. Another theoretical framing would most probably lead to another 

analysis and another formulation of the guidelines. Still, the recommendations to scale over time 

and involve others in the transition are general and mirrors modern software development (see 

e.g. Schwaber, 1997). To what extent the guidelines can be applied by educators in other 

engineering fields or in a context less open for collaborations is still an open question.    

 

5. Conclusion 

 

Combining canonical engineering disciplines with education on and for sustainable development 

is a challenge as it requires new skills and knowledge as well as courage to act without being 

overloaded. But the challenge can be addressed by giving yourself plenty of opportunities for 

reflection on your own action and team up with those who have the resources you lack.  By 

working iteratively and incrementally you get more opportunities for reflecting on what works 

and not for you. Add complexity and take on new challenges when you master those at hand and 

seek new collaborations with people and organisations that can take an active part in your 

teaching and that complement your own skills and knowledge. 

 

To what extent these guidelines work in another context is an open question. The described 

transition would not have been possible without numerous collaborations with competent people, 

both within and outside of academia. Finding such collaborations is not always straightforward 

and a topic for future work.   

 

Can you ever master sustainable development? Perhaps not. But there are ways to master how to 

integrate sustainable development within your own engineering discipline.  
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