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Abstract 

The purpose of this study was to address the challenge of teaching sustainable development to 

computer engineering students. Part of the problem is that they perceive the topic as irrelevant 

for their future profession. The chosen approach was to introduce a project element into a 

course on sustainable development where the students developed applications for sustainable 

mobility together with the local public transport authority, an academic institution and a 

multinational telecom company. Thus the course project was organized to facilitate 

entrepreneurial experiences, as defined in the EU's EntreComp model, as well as relating 

theoretical concepts to experiences in a concrete context. The students were then asked to 

analyze and reflect upon their design choices and approaches in relation to sustainable 

development and ethical considerations. The findings conclude that the course changes improved 

the overall student satisfaction while succeeding in anchoring sustainable development in a 

context the students could relate to. The collaboration was also perceived as fruitful by the 

external stakeholders who encouraged the students to stay in touch for their bachelor theses and 

internships. The theoretical implication is a first attempt in integrating sustainable development 

education with entrepreneurial experiences while the practical implication is a description of 

how the integration can be realized. The contribution is therefor of value for both educational 

researchers by opening novel research opportunities and teachers by describing new 

possibilities for sustainable development education.    
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1. Introduction  

In general students are positive towards sustainability and students in an engineering discipline 

are among the most positive (Azapagic, 2005). While this might be the case in general, students 

at the computer engineering program at Chalmers find the topic difficult to grasp and struggle to 

see the connection to their future profession. Whatever the reason is for their perception, there is 

a need to “address misconceptions about sustainable development to clear the way for action” 

(Leal Filho, 2000). The challenge is then to make sustainable development relevant for both their 

studies and their future profession. 

A common argument to motivate students to engage in sustainable development from a higher 

education perspective is that engineers will need a T-shaped profile in terms of knowledge and 

competences to address societal challenges (Trilling, 2009). Sustainability is such a societal 

challenge, requiring both broad and in-depth skills as well as knowledge (United Nations, 2012; 

Penzenstadler, 2013).  

Entrepreneurial experiences is an educational framework encouraging students to have the 

knowledge to make a positive change in their own context, the ability to assess opportunities and 

resources for making a difference and the courage to act accordingly (Bacigalupo et al., 2016, 

Burden, Steghöfer and Hagvall Svensson, 2019). From this perspective sustainable development 

education can be seen as entrepreneurial as it encourages students to obtain the knowledge, skills 

and courage to act for a positive change in terms of creating more sustainable ways of living. 

Subsequently, it might be possible to improve student engagement by integrating entrepreneurial 

experiences into their course on sustainable development. The idea would then be that the 

abstract and broad concepts of sustainable development get tied to the concrete and specific 

details of their immediate context and subsequently relate to their future profession. An open 

question is then how the two frameworks can be integrated into one university course and how 

the outcome is perceived by the involved stakeholders. The aim of this paper is to shed light on 

this question. 

2. Educational Frameworks 

The following section will provide more detail towards what entrepreneurial experiences means 

in an educational context, highlight the importance of reflection.  

2.1. Entrepreneurial Experiences 

Entrepreneurship is not only about creating new companies or exploiting new market 

opportunities, a complimentary definition focuses on creating change in a given context (Bruyat, 

1993; Lackeus, 2016), where change can be measured in many forms; economic gain, social 

empowerment, ecological diversity, mental health and so forth (Hindle, 2010). In order to 

conceptualize the capacity of students to create change in their surrounding environments, the 

EU has defined 15 entrepreneurial competences, divided into three major building blocks: Ideas 
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and Opportunities, Resources, and Into Action (Bacigalupo et al., 2016). The competencies are 

not orthogonal but interrelated and interconnected and should be seen as parts of a whole.  

Ideas and Opportunities includes competencies for identifying opportunities to create better 

solutions to new or existing challenges, formulating and adhering to a vision as well as the 

capability to assess the value of ideas from various perspectives while acting responsibly.   

Resources concerns reflecting on the needs of different stakeholders, accessing and utilizing 

resources in an efficient way, developing economic know how, and collaborating with 

stakeholders.  

Into Action covers initiating processes, tackling challenges and creating short-, medium- and 

long-term objectives. It also involves defining priorities, managing unforeseen changes, and 

making decisions based on partial or ambiguous knowledge in a changing context  

This broader view on entrepreneurship has initiated a shift from teaching about or for 

entrepreneurship to teaching through entrepreneurship (Mäkimurto-Koivumaa and Belt, 2016). 

The transition emphasizes project work in autonomous teams using structured processes, 

addressing real problems together with real stakeholders (Salas, 2017; Zaina and Álvaro, 2015; 

Buffardi, Robb and Rahn, 2017). The outcome of such educational settings is not only 

entrepreneurial experiences, but also outcomes immediately useful for the future profession, such 

as networking opportunities and job offers (Read, Derrick, and Ligon, 2014; Fernandes et al., 

2017). 

In recognition of the lack of software engineering contributions within Sustainable Development 

Education (SDE), Penzenstadler and Fleischmann stress the importance “to learn and teach how 

to make efficient use of resources in our specific domain” (2011). They address the sustainability 

issues as part of the requirements that students elicit in collaboration with external stakeholders 

for systems that promote acting in a sustainable way (Penzenstadler and Fleischmann, 2014). 

The conclusion is that there was low to no consideration of sustainability aspects among the 

students. The authors argue that the outcome can depend on a lack of familiarity towards 

requirements elicitation, interest in the motivation for the system and/or knowledge of 

sustainable development.   

2.2. Reflection 

Reflection plays an important part in all learning processes as John Dewey wrote “We do not 

learn from experience…we learn from reflecting on experience” (Dewey 1933). It is especially 

useful to reach a deeper approach to learning and creating the right conditions for good learning 

(Moon, 1999). 

The advantages of reflection are especially pertinent for education for sustainability for a number 

of reasons. First, teaching about sustainability involves values and judgements and requires the 
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student to understand where he or she stands in these values. Reflection helps the student to 

make the learning material more meaningful for themselves thus creating more ‘ownership’ of 

the subject (Moon, 1999). Second, reflection is also important in dealing with more complicated 

or less structured material (Moon, 1999). Sustainability is a concept that is hard to define; 

especially compared to traditional engineering subjects since challenges related to sustainability 

are often not clearly structured problems with a well-defined answer (see e.g. Seager, Selinger 

and Wiek, 2012). Leal Filho (2000) identifies five misconceptions regarding sustainability that 

might hinder action at Universities. These are that sustainability is not a subject per see; that it is 

too theoretical and broad; and that it is recent field and are thus perceived as a fad.  

At the same time reflection itself is not well defined and is a skill that can be tricky to teach 

(Rodgers, 2002). One way is to conceptualize the reflection process into different levels of 

reflection ranging from descriptive to critical reflection (Hatton & Smith, 1995). When 

deepening the reflection more perspectives and alternative points of view and judgment are 

brought in to assess the situation or experience. Deeper levels of reflection are also more 

analytical and integrative, linking different perspectives and factors with each other (Hatton & 

Smith, 1995). 

Building on Dewey’s model of experiential learning and the Lewinian model of action research 

and laboratory training, Kolb developed a model for experiential learning (Kolb, 2014). Gibbs 

developed the ideas into a guide on learning by doing (Gibbs, 1988). In this model learning from 

experience can be explained through a cycle that involves four stages. The first is the concrete 

experience, followed by observations and reflection of the experience. From these reflective 

observations abstract concepts are formed (or better understood), which then leads to an active 

experimentation where these new concepts are tested in a new situation. This leads to the first 

step and the cycle is repeated until there is a closure. This cycle combines the experience from 

practical project work with the conceptualization through reflection and thus linking experiences 

to theory (Kolb, 2014). Gibbs emphasizes the need to reflect on experience in a critical way 

(Gibbs, 1984).  

3. Educational Intervention 

The course is given by the department of Space, Earth and Environment to students in their fifth 

term in Computer Engineering program at Chalmers University of Technology. This section 

describes the changes in the course organization following the definition from constructive 

alignment – aims, activities and assessment (Biggs and Tang, 2007), where aims refers to the 

learning objectives or what the students are supposed to achieve by participating in the course, 

activities are the means for reaching the aims and assessment composes the feedback 

mechanisms that are in place for forming and summarizing the learning process. The section 

concludes by describing how the first iteration of the course project was carried out. 

3.1.  Previous Course Organization 
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The aim of the course was to inspire and stimulate students to relate and reflect on their 

contribution to a sustainable societal development in their future professional role. This was 

mainly done by applying previously acquired knowledge in computer science to the energy 

system. For this end both a basic understanding of what the term sustainable development means, 

and insights into how energy systems and energy technologies work was required.  

More specifically the identified learning outcomes were that after completing the course, the 

students should be capable to: 

 Account for the meaning and critically relate to the concept of sustainable development 

in its dimensions: ecological, economic and social;  

 Explain the natural greenhouse effect and how it is affected by human activities such as 

greenhouse gas emissions and land use change;  

 Account for the various components of an energy system and the most important 

relationships between them;  

 Formulate and implement an energy system model, and reflect on suitable system 

boundaries for the model;  

 Reflect and critically relate to energy scenarios based on the different dimensions of 

sustainable development;  

 Reflect on the ethical aspects of the professional role of a computer engineer;  

 Obtain, process and critically relate to information, and then report this information both 

orally and in writing. 

The learning was supported by three main activities. The first consisted of lectures that 

introduced the concepts of sustainable development and the elements of an energy system. The 

second was a group project where the students programmed a simple model of the Swedish 

energy system. This model was then used to create and evaluate future scenarios.  To facilitate 

the project, supervision was organized so that the students could discuss their implementation 

and calculations with teaching assistants. The third activity was inspirational lectures with guest 

lecturers highlighting different aspects of what computer engineering technologies can be used 

for to facilitate sustainable development. 

The assessment was also structured around the three different activities. The lectures were 

assessed through a written exam.  The group project was assessed through a written report. And 

the third activity, the guest lectures were assessed through an individually written essay on how 

their future professional role will be affected by, and will affect, sustainability. The essays were 

also peer-reviewed prior to hand-in.    

3.2.  New Course Organization 

The course was perceived as too focused on energy systems by the students and not relevant to 

their future profession. The course responsible decided to change the focus of the course and 

connect the project closer to the students’ future profession as computer engineers. While the 

change was sanctioned by the program manager the challenge lay in the type of project the 

students should work on. A teacher with a background in computing was thus involved in the re-
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organization of the course to facilitate the relevance for both sustainable development and 

computer engineering. At the same time a major overhaul of the learning objectives was 

conducted to ensure alignment between activities and aims. 

The overall aim of the course is still to stimulate and inspire future computer science engineers to 

contribute to sustainable development. The new learning objectives are organized around 

knowledge, skills, and attitude using the learning taxonomies from Bloom (1956).  The intended 

learning objectives (ILO) related to knowledge state that the students should be able to:  

 Describe fundamental concepts and issues related to sustainable development and ethical 

frameworks as well as how the concepts relate to computer science and information 

technology;  

 Describe the interaction between current societal issues and technology development, 

especially with the focus on computer science and information technology.  

The expected skills are that the student should be able to:  

 Obtain and process social information necessary to develop a software system;  

 Analyze such a system and its interaction with its environment both from a sustainability 

and an ethical perspective;  

 Explain and discuss their conclusions as well as the information and arguments 

underlying them in dialogue with different stakeholders.  

Regarding attitude the ILOs are that the students should be capable to:  

 Critically relate to collected information;  

 Reflect on their choices when developing a software system, both in terms of product 

outcome and process;  

 Reflect on ethical and sustainability aspects of software applications and systems. 

The activities consist of lectures that introduce the concept of sustainable development, ethical 

frameworks and sustainability challenges. There are also two seminars with invited guest 

lecturers that focus on ethical and sustainability challenges of artificial intelligence, big data and 

machine learning. A large part of the course is focused on the group project itself that is 

introduced both at a lecture and a full day hackathon were besides a teacher from the course also 

external stakeholders are present. Continuous supervision sessions are given during the course 

with both the computer science related teacher as well as teachers with expertise in 

sustainability. The last supervision session is focused on report writing.  
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The assessment consists of two reports. One is a personal reflection on the seminars, i.e. on the 

sustainability challenges of artificial intelligence and/or big data and machine learning. The other 

is a group reflection on the project carried out. Both reflection processes are assisted through 

lectures, supervision as well as written material that in a simplified way explained Kolb’s 

experiential learning process and different levels of reflection. The students are also supported by 

guiding questions and guidelines on how to write reflective texts.  

3.3.  Entrepreneurial Experiences and Sustainable Development 

The project activity was organized together with three external stakeholders – the telecom 

company Ericsson, the regional public transport authority Västtrafik and Johanneberg Science 

Park. The latter is co-located with Chalmers and coordinates a number of different initiatives 

towards sustainable transportation between the university campuses, autonomous shuttles within 

two of the campus areas and mobility services to/from campus for employees. Chalmers 

University of Technology participated in these initiatives but was not explicitly a partner in the 

collaboration with the students. Thus the university only had the role as educational setting 

towards the students. 

The project ran for five weeks during November and December 2018. The project scope in terms 

of sustainable mobility and the overall project organization was introduced through a two-hour 

lecture. The students were divided into teams of approximately six students and each team was 

assigned a challenge related to sustainable mobility, such as how to optimize the introduction of 

autonomous shuttles or enable new user groups to use public transport. A week into the project 

Ericsson hosted a one-day hackathon where the students had the opportunity to pitch their take 

on their specific challenge, meet representatives from the involved organizations and explore 

Ericsson’s platform for sharing data regarding the newly introduced autonomous shuttles 

operating on one campus and the electric buses operating between two campuses. The students 

then had the opportunity to meet the teachers during weekly supervisions before they pitched and 

demonstrated their applications at a half-day event at Ericsson just before Christmas.   

4. Evaluation with Students and External Stakeholders 

Throughout the course there was a continuous dialogue with the students and the external 

stakeholders to capture their impressions and to mitigate unwanted challenges in the 

collaboration. The feedback obtained through this informal interaction was complemented with 

two formal meetings after the course was over to evaluate the outcome. The first meeting was 

held 15
th

 February as part of the university’s general course evaluation schema. The second 

meeting took place on 11
th

 April where the external stakeholders were present. 

At the end of the course a survey was distributed to the students registered to the course. The 

survey consisted of eleven standard statements answered on a five-point Likert-scale. Of 69 

students, 28 responded. While the response rate was too low to draw any quantitative sound 

conclusions, the survey included the possibility to comment on the statements. The results of the 
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survey were discussed during the first evaluation meeting where the study administrator was 

present together with the two authors and five student representatives.  

During the second meeting in total four representatives from Ericsson, Västtrafik and 

Johanneberg Science Park participated together with the two authors. Since some details can be 

sensitive, the key points are summarized and reported on without coupling to a specific 

organization or representative. 

In both cases, the notes from the two meetings were analyzed according to the EntreComp model 

to explore how the two groups responded to participating in sustainable development education 

through entrepreneurial experiences. As stated in subsection 2.1, the three aspects of Into Action, 

Ideas and Resources are not orthogonal, meaning that throughout the analysis it was often 

needed to decide to which aspect a specific response should belong. This means that others might 

find another analysis of the data.  

5. Discussion on the evaluation of the course 

The impact of teaching sustainable education and ethics by facilitating entrepreneurial 

experiences is evaluated through Brookfield’s four lenses – the peer lens, the theoretical lens, the 

student lens and the autobiographical lens (Brookfield, 1998). Here the peer perspective is taken 

as the view of the external stakeholders. We use examples from the student projects throughout 

the text to give details on specific insights but also to give an idea of what the teams were 

working on. 

5.1.  External Stakeholder Perspective 

From the perspective of the external stakeholders the representatives mentioned that one of their 

evaluation metrics is collaborations outside the own organization, and involvement with students 

is a key target group. The collaboration thus enabled them to fulfill one of the objectives of their 

organization. Taking action and participating in the collaboration was also appreciated since 

interacting with the students was seen as stimulating, even if the level of engagement varied 

considerably between teams and students.  

In terms of resources the representatives emphasized the importance of having an internal 

organization for following up on interesting ideas and supporting innovative solutions. A related 

topic was also that it was not always clear in advance who should represent the organization in 

order to support the teams. Sometimes it was necessary for the representatives to act as 

intermediaries to connect the teams with the appropriate competence and resources within the 

own organization. By and large, being able to help the teams to evaluate and implement their 

ideas was seen as rewarding on a personal level. 

The representatives perceived that the collaboration resulted in several noteworthy concepts but 

that it was instrumental to help the teams to assess the value of the ideas and how they best were 
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to be implemented. In conclusion the representatives all agreed that they wanted to continue the 

collaboration for the next course instance.  

5.2.  Student response 

Overall the student satisfaction with the course increased and a larger share of the students found 

the course relevant. In terms of resources the students found that the lectures helped them more 

to reflect on the ethical perspectives of their applications than the sustainability aspect. A general 

perception among the students was also that supervision was for those with problems and not for 

discussing different aspects of the project such as the sustainability angle. In general they felt 

that they had the right pre-knowledge for the course but that the program could provide more 

opportunities for project work in teams as they felt that to be a necessary skill for their future 

profession. This meant that one of the resources designed to support the teams in their project 

work was poorly utilized. 

Some students found it stressing that the challenges were not well-defined or could be managed 

in multiple ways. This remark was made both during supervision and through comments in the 

course survey. The ambiguity and vagueness was by design since the challenges represented 

real-world concepts and situations, making it difficult to formulate well-defined and 

unambiguous specifications, as well as simple and straight-forward solutions. Even if reflection 

is useful in these situation (Moon, 1999) even that part was seen as challenging for the students 

due to their lack of experience in these kind of activities. Still many students found it as positive 

and useful to be outside of their comfort zone and to test new things. As one student put it at the 

evaluation meeting, if you get computer engineering students engaged in sustainable 

development you have accomplished something. 

One student team went on and continued working with their project idea as their bachelor thesis 

project together with Ericsson and supported by Västtrafik, leading to a summer internship at 

Ericsson and recognition by winning the university’s entrepreneurial award. They explored how 

the infrastructure provided by public transport, such as vehicles and bus stops but also public Wi-

Fi and power supply, could be utilized as a platform for inexpensive sensors to measure air 

quality. Here the consortium members helped find the right contact person within the different 

companies involved in maintaining bus stops and supplying passenger Wi-Fi. However, they 

found it challenging to identify the right internal instruments to acquire such an innovation 

and/or employ the students as interns. 

5.3.  Autobiographical reflections 

Shifting the project from a more theoretical and hypothetical setting to a challenge anchored in 

the local context and with the involvement from real stakeholders helped stir the engagement of 

the students. Working with real problems and real people made the ethical considerations more 

real as well. Still, reflection was difficult for some of the students. As Rodgers (2002) points out 

reflection is not an easy task, especially for students that might be exposed for the first time to 
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writing more reflectively. Working with sustainability and ethics also has an interdisciplinary 

aspect to it and for many engineering students going beyond their narrow field of expertise can 

be challenging (Richter & Paretti, 2008). From a teacher’s point of view it is important to see if 

the process of reflection could be facilitated even further. Could e.g., the entire course be 

assessed by more continuous individual reflection exercises that would lead to a so called 

reflection portfolio? A continuous reflection process would emphasis the more iterative nature of 

reflective writing (Moon, 1999). Combined with feedback this could help the students reach 

deeper levels of reflection. Still, from the evaluation of the course we find that, while some 

students find it troublesome, they also find it rewarding and useful to have to reflect, work with 

ill-defined problems and interact with real-life stakeholders. Since one of the goals with 

redesigning the course was to increase the perceived relevance for the students we believe that 

this has been achieved. It would also be interesting to study the long-term impact of the course, 

i.e. how will the students perceive the course five years from now, when they have more working 

experience? Will it be seen as even more relevant? Are there other issues that they would have 

wanted us to focus more on?  

5.4.  Theoretical lens 

Having students balance the technological side of implementing an application while motivating 

for whom they are creating value can develop both entrepreneurial skills as well as a professional 

networks, job offerings and investments (Read, Derrick, and Ligon, 2014; Fernandes et al., 

2017). One example was a project related to last-mile solutions with autonomous shuttles. The 

students initially saw it simply as a technical challenge in terms of finding a suitable algorithm 

for dynamic scheduling of trips between rural households and the local bus stop. But as work 

progressed new perspectives arose such as of how the information needed depends on which 

stakeholder perspective is taken. Issues related to personal integrity became relevant and 

subsequently reflections on how to balance different needs and values were discussed during the 

supervision: Who owns the service? As a passenger do I want to see my route? Do I want to 

share it with my co-passengers? Which information is required by passengers and fleet 

managers? The service was based on the assumption that it would reduce the number of vehicles 

in traffic, but the students also had to think how it would be economically viable while gaining 

public acceptance making the picture more complicated. In the first version of the reflection 

report these discussions were missing and the students were asked to complement the report 

before they could pass the course. In this case, the students gained new insights in valuating 

ideas in relation to different stakeholder perspectives.  

In relation to Penzenstadler and Fleischmann who want to see more education where students 

“make efficient use of resources” (2011), the entrepreneurial setting encourages the teams to 

consider how to best tackle a challenge given the available resources but also to explore the 

availability of additional resources while reflecting on the ethical aspects. An example of this is 

how one team was given access to anonymized but still sensitive data on where people live and 

work from the regional government. This data was then used to calculate commuting distances 
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varying on mode of transportation using publicly available map services. Since some places are 

scarcely populated it could be possible to identify specific individuals through the team’s map 

view. Their solution was to exclude individual data points from the visualization in those cases. 

This resonated with the challenges regarding reflection and the opportunities for immediate 

feedback on their decisions. When the team balanced the implications of their implementation in 

terms of violating personal integrity and creating willingness to change transport modality, the 

impact on integrity was immediate (can you identify individuals in the data visualization?). The 

environmental effect were instead harder to directly assess. E.g. it takes time and effort to 

evaluate how a new service changes commuting habits (are more people travelling by bus now 

than last week?). Azapagic, Perdan and Shallcross (2005) distinguish between education on 

sustainable development and education for sustainable development where the first typically 

introduces concepts and theories while the latter focuses on practical work. Due to the 

constraints in time and resources, it seems that the overall course organization facilitated 

education on sustainable development but not for while it provided opportunities for both 

education on and for ethical considerations. In relation to the findings of Leal Filho (2000), it 

seems that integrating entrepreneurial experiences with sustainable development is a way to 

move into action without necessarily clearing all misconceptions. If that action leads to more 

sustainable ways of mobility is beyond the scope of the course evaluation but something for 

future research to investigate.  

In contrast to Penzenstadler and Fleischmann (2014) who conclude that there was little or no 

consideration of sustainability aspects when their students solicited requirements for systems 

promoting sustainable development, the students in this study were capable of describing and 

reflecting their systems in relation to different aspects of sustainability and ethics. Why there is a 

difference between the two student sets is an open question and worth investigating further.   

The new course organization also enabled personal development. The joint evaluation of the old 

course organization and the planning of the new provided multiple occasions for sharing 

experiences and visions but also knowledge from the respective proficiencies. In this way the 

collaboration became an example of inter-disciplinary team teaching where the two teachers 

were not only responsible for the course content of their respective disciplines but also had 

plenty of opportunities for learning from each other (Buckley, 1999; Plank, 2012). 

6. Conclusion 

Combining entrepreneurial experiences with education for sustainable development seems to be 

a promising way to increase the relevance for computer science students. The overall impression 

of the course increased compared to previous versions and the positive experience was 

confirmed through the evaluation meetings. It was also a positive experience for the involved 

stakeholders participating in the course.  
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The students found it easier to reflect on their actions in terms of ethical considerations, than in 

relation to sustainable development. This is probably a consequence of the short duration of the 

course. While the course duration is out of scope for the teachers there is still work to be done in 

terms of coaching the students in their reflective practice. It does open up for new research 

initiatives in terms of evaluating the long-term effect of the new course organization, both in 

terms of student perception and the effect of their actions. 

Working with ill-defined real life problems, more interdisciplinary and reflective is still 

challenging for many of the students, even if some find it rewarding. From the teaching 

perspective further interventions in course activities can be made to facilitate this process. To 

conclude, integrating entrepreneurial experiences with sustainable development education did 

result in more engaged students who were capable of reflecting on their own role and 

responsibilities as future engineers. There is still room for improvement but that can be handled 

by tinkering with the activities of the course and not by a major overhaul of the course 

organization.      
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