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Educating future engineers – student perceptions of the  

       societal linkages of innovation opportunities 

 
 

Abstract 

 

Engineering education traditionally emphasizes technological solutions that focus heavily on 

students’ technical skills. However, for innovations that create an impact, it is essential to 

link this technical knowledge to societal considerations. This paper describes a problem-

centered approach towards introducing mechanical engineering students to sustainable, 

ethical and collaborative innovation, through an analysis of student work and feedback 

gathered from a ten-week long pilot conducted as part of  a compulsory, Master’s level, 

academic year-long Mechanical Engineering course. 

During the pilot, student groups worked on broadly phrased challenges derived from an 

ongoing EU project on developing societal applications for technology, choosing one of 

seven challenges ranging from changing rain patterns in cities to IoT technologies and data 

security. Teaching was divided into three interconnected sections on sustainable 

development, technology and ethics, and collaboration. Each of these sections combined 

theory with practice through panels with experts from academia and industry and hands-on 

workshops, encouraging the students to consider multidimensional aspects of their chosen 

challenge and its consequences for the entire system it links to. A variety of design thinking 

methods were introduced for exploring the challenges holistically to define and reframe the 

problem at hand, identify ethical dilemmas and understand the needs of stakeholders for 

successful collaboration.  

At the end of each section, students were asked to reflect on their incorporation of societal 

considerations to the challenge they were working on in the form of group reports. At the end 

of the pilot, the students presented a project proposal of a direction for solving their 

challenge. This paper looks at how engineering students operationalize multilayered aspects 

of societal issues through these reports and project proposals for 19 teams that completed 

both the first and last group assignment. 

The results of  this study suggest that introducing creative, holistic, problem-solving skills 

into engineering education in a hands-on manner creates numerous advantages for supporting 

the understanding of systemic, innovative solutions that have a societal impact and go beyond 

solving the technological problem. Nine sub-themes to sustainability, ethics and collaboration 

were identified from the deliverables; environment, economy and culture, fairness, privacy 

and responsibility, stakeholders, diversity and co-creation. The students’ ability to identify 

and apply these nine measured sub-themes of sustainability, ethics, and collaboration 

improved statistically significantly in seven out of nine themes. The results of this study 

encourage linking engineering courses to societal issues through minor interventions, in order 

to encourage engineering students to apply a broader range of considerations in scoping 

innovation projects. Additionally, the coding scheme developed here can be used to gauge the 

level of consideration for societal issues given by students in their assignments, enabling 

more targeted interventions in a resource-light manner. Taken together, the results encourage 

iteratively developing evidence-based instruction for responsible engineering. 

 

 



1 Introduction 

According to UN’s estimations, by the year 2050, the world's population will reach nearly 10 

billion from the current 7.7 billion [1]. A majority of this 10 billion will be living in 

developing countries. This increase will bring great challenges for society in terms of health, 

climate, mobility and safety that governments will be struggling to respond to. The 

complexity of such challenges will require system innovations that correspond to the needs of 

people, profit and planet simultaneously to enable radical change. In addition to a growing 

population and global warming, we are facing societal challenges related to e.g. health and 

the digital revolution [2].  

 

Engineering and engineers are expected to contribute towards these grand challenges [3,4]. 

Radical innovations that require technological novelty heavily rely on engineering knowledge 

[5], yet in engineering societal issues are often not given the attention they deserve [6]. Do 

current global norms of engineering education support students in dealing with such high 

levels of complexity? Are engineering students aware of societal consequences of the 

decisions they make? This paper focuses on how engineering students can develop a holistic 

understanding towards innovation, and consider sustainability, ethics and collaboration as 

parts of a whole in order to promote responsible  engineering education through a case study 

from an ongoing course at Aalto University’s Department of Mechanical Engineering.  

 

1.1 Societal aspects of innovation 

 

In today's interconnected society, innovation has gained a significant role in economic and 

social growth. Innovation capacity has a direct impact on the resilience of companies and 

regions, since it refers to the ability of finding alternative solutions and leading towards a 

sustainable future [7]. Being able to innovate consistently is a result of establishing  a 

productive environment that facilitates creative awareness holistically through inspiration, 

realisation and education [8–10]. Innovation orientation and behaviors are also connected to 

entrepreneurial intent in engineering [11]. 

 

A variety of product, service or product service system innovation examples show that 

enabling successes that lead towards a systemic change requires acknowledging societal 

needs [12,13]. The relationship between society and innovation, and how they influence each 

other has been discussed in literature under multiple terms, such as adoption or diffusion 

[14,15]. All these terms refer to the impact innovation has on the existing ways of doing, 

making or thinking. Whether novelty is captured in a product or a service, a technological 

innovation requires a positive response for its target group to achieve success and sustain this 

status [16]. Aiming for societal change brings a whole new layer of complexity to the 

innovation process, since it requires constant communication between for example decision 

makers, engineers and the users. Narrating, communicating and receiving the positive 

response - the key elements of change - can be achieved through only by including these 

agents in the natural cycle of innovation processes. While technical achievements typically 

rely on engineers, engineering education curricula typically offers rather limited support to 

cultivating students’ understanding of societal impact and can provide a limited perspective 

to innovation outside of dominant economic interests [17]. While there have been calls for 

responsible innovation [18], we have limited understanding of what engineering students’ 

understanding of responsible innovation entails, and the impact of courses on these 

perceptions. 

 



1.2 Teaching societal issues and innovation in engineering education  

 

While implementing sustainable development into engineering curricula is not a new topic, 

recent years have seen an increasing number of universities across the globe to start 

emphasizing the need of educating future professionals who hold the ability to design 

holistic, sustainable, ethical and inclusive solutions to the needs of our societies. 

Incorporating entrepreneurship education to engineering has also been seen as a way to 

promote innovation and creative problem solving skills, and vice versa [11,19]. Some authors 

suggest that engineering students are already aware of issues concerning environmental and 

sustainable development, through curricular exposure especially in design project courses 

[20]. Others suggest it sometimes takes a little push to evoke interest and ability to 

consider  such issues that are not central in the disciplinary discourse of one’s field of studies. 

Watson et  al. [21] suggest that increasing the expected level of incorporation of  e.g. 

sustainability factors to the students’ work might promote students to start thinking about 

societal issues in more detail. Attempts to measure and assess the students’ abilities to 

implement societal considerations, such as sustainability, into their engineering projects have 

been made [21]. However, students seem to tend to focus on technological solution oriented 

aspects of sustainability at the expense of a wider range of solutions incorporating 

sociological aspects into their projects beyond sustainability [22,23].  

 

Indeed, designing solutions for complex engineering challenges, holistic exploration of the 

problem at hand is at the core of the iterative process that requires understanding the systems 

that the solution is expected to influence. One approach to incorporating more human needs 

and collaboration driven approaches comes from the recent rise of incorporating design 

thinking into particularly project-based engineering design courses. In the last decade, design 

thinking has gained an established foothold as an approach, set of methods and mindset in a 

multitude of fields and industries as a  human-centered way to solve complex, ill-structured 

problems [24]. Design thinking emphasizes understanding the problem, its context, as well as 

diverse stakeholders before generating ideas and a multitude of potential solutions through 

rounds of iterations consisting of divergent and convergent phases of ideating, prototyping 

and testing [24,25]. The approach should result in solutions that solve latent needs in a viable, 

feasible and desirable way [26,27].  

 

While design thinking still lacks a clear definition, it has become widely used to describe a 

variety of designerly activities [24,28] and received some critique for maintaining the status 

quo of designer-centered development strategies rather necessitating co-design [29]. 

However, problem framing is at the core of most academic descriptions of design thinking 

and how it should be applied [24,30], as well as a key attribute to many engineering and 

technology organizations adopting design thinking practices [31]. How problems are framed 

guide what is considered as relevant to the issue at hand [30], and thus at a key position when 

attempting to understand societal issues connected to technological solutions. Design 

thinking can be particularly useful for responsible engineering innovation when combined 

with systems thinking. While design thinking may be more generative, systems thinking can 

be seen as a more analytical approach to problems. This kind of combined ability to think 

about systems rather than individual challenges paired with an empathetic understanding of 

different stakeholders and their needs and generating possibilities is something we see as a 

valuable approach to teaching societal issues and innovation in engineering education 

[32,33]. 

 

 



2 Methods 

 

This study builds on data collected from 38 student group reports generated within the course 

of Mechanical Engineering in Society in Aalto University. The course is compulsory for all 

master’s level mechanical engineering students in the university. In this paper, we focus on 

how the societal aspects of innovation are represented in the group assignment reports 

produced during the course, comparing the first and last assignments written by the students 

teams.  

 

2.1 The course context 

 

Mechanical Engineering in Society is an established course, with the aim of helping 

mechanical engineering students develop their professional identities as well as awareness 

and appreciation of how it sits with other professions, grand challenges and society at large. 

As such, it provided a fertile ground for running a pilot on teaching holistic problem 

solving.  This was done through a design thinking approach and team based activities, where 

the emphasis lay on abilities to incorporate societal issues to given technological challenges.  

 

The deep technology challenges were derived from an ongoing EU funded project, where 

nine European organizations collaborate aiming at creating an innovation ecosystem of 

universities, industry and European research infrastructures. The students were given seven 

very brief challenge descriptions to freely choose from, as well as the option to form their 

own challenge. The challenge descriptions were drafted by the course staff based on project 

descriptions from the EU funded entity. There were four main areas the challenges were on 

urban infrastructure, additive manufacturing, artificial intelligence, and healthcare. Two 

challenges were related to changing rain patterns in cities, two to additive manufacturing, two 

to IoT technologies and data security, and one to radiation in hospital environments. The 

challenges were kept as broad as possible to maximize potential scope for exploration. For 

example, two challenges were phrased in the following manner: 

 

“The future climate predictions point towards a more frequent occurrence of severe, 

short and very local rain storms. These are very difficult to detect. This will have a 

major effect on densely populated cities, with a high level of urbanisation and 

infrastructure. Think about how to handle this issue BEFORE the rain storms. “  

 

“Additive manufacturing, 3-D printing more specifically, has opened possibilities to 

manufacture complex parts and shapes at a fast pace. In the context of circular 

economy 3-D printing can also make localization and possibilities repairing 

easier. Think about an industry where this can be used as an advantage.” 

The pilot was divided in three main sections which aimed at covering three of the major 

facets connecting to societal issues that could or should have an impact on decisions taken by 

engineers: sustainability, ethics and collaboration. [34,35]. The learning goals for these facets 

included: 

1. Widening the students’ perspectives of sustainability and how it links to engineering. 

2. Recognizing the responsibility of engineers in a wide variety of implications of 

technology to society. 

3. Recognizing the variety of different collaborators and diverse collaboration types in 

creating engineering solutions. 

 



While the sections were introduced one by one, the overall workshops and deliverables 

required the students to build knowledge towards a final project-proposal that should 

incorporate their learnings and where they should present the aspects of these issues that 

should be taken into account when going about solving their chosen challenge or that would 

have an effect on the project.  

 

Each section followed a three-fold structure that consisted of a seminar, workshop and 

finally, deliverables. The structure was planned to maximise students’ interaction with the 

topic and to be able to provide opportunities for multilayered interpretations. Timing-wise, 

the course was set in three week long cycles per section. In the first week of each cycle, the 

seminar part of the section took place, in the second week of the cycle there were  the 

workshops, and the third week was designated for preparing the deliverables. The pilot was 

mainly conducted by an interdisciplinary teaching team of three. However, the seminars 

required the contribution of invited speakers and the workshops had visiting teaching staff to 

either introduce the topic or to help in facilitating the group work. The team had previous 

experience from teaching design, engineering design, entrepreneurship and communication. 

 

Seminars:  

Each section was first introduced by a series of keynote speeches from industry and academia 

speakers, which allowed the students to get acquainted with multiple aspects of the topic at 

hand. During the seminars, the students heard first-hand perspectives and expertise and were 

able to engage in section-specific discussions before reflecting this knowledge on their 

chosen challenge.  

 

Workshops:  

The pilot included three two-hour workshops that focused on different aspects of potential 

societal linkages of the student teams chosen engineering challenges. The three workshops 

had a preceding seminar as stated before, students working in the same team of three to six 

students through the course. The workshops were designed in a way to let the students think 

outside the box in relation to the subject of the section. To facilitate this a variety of design 

and systems-thinking originating methods were used, such as PESTEL-analysis, reverse 

brainstorming, entangle method and stakeholder mapping [36–38].  

 

To give an example, during the first workshop the students formed teams and decided on a 

challenge, after which the teams gathered information on political, economic, social, 

technological, environmental, and legal issues related to their challenge. After gathering the 

information, they moved on to defining their challenge and solution direction, finally drafting 

a vision statement for their challenge.  

 

Deliverables:  

Student groups were expected to deliver a series of short reports, in which they discussed the 

insights gained through the seminars, building on the work started in the workshops as well 

as reported their findings, progress and further insights. Deliverables enabled the students to 

articulate their insights and structure the fragmented knowledge accumulated throughout the 

course. In this paper, deliverables are considered as the main tangible outcome of the course 

at hand, therefore, students’ ability to incorporate societal linkages to engineering problems 

are traced through these deliverables.  

 

Four interdependent assignments were given to the student groups in this course. In the first 

assignment, given at the end of the first workshop right after the introduction of their project 



challenges, the student groups were asked to describe their challenge in the way they interpret 

it and formulate a vision statement based on their interpretations. They were also asked to 

include the opportunities, strengths, risks and challenges regarding sustainability that  they 

see that were linked to their challenge based on the first seminar and workshop. The 

recommended length for this first report was 3-4 pages. 

 

The second assignment included reporting the insight gained during the workshop and 

discussing ethical dilemmas the team had identified as well as tradeoffs of engineering 

decisions made regarding the identified dilemmas. They were also asked to create and 

elaborate ways to overcome those ethical dilemmas as well as ways to utilize potential 

opportunities for development.  

 

The third assignment was given after the collaboration themed workshop, thus the students 

were asked to discuss their skills and knowledge, gaps they could identify in their skills and 

knowledge as well as the key stakeholders regarding their chosen challenge and ways to 

include, as well as goals of including these stakeholders to their project plan.   

 

The final deliverable was due after a final workshop where focus was on communicating the 

teams insights and findings in a compelling and clear way. The students were given more 

freedom in the form they complete the final assignment, asked to do an informative and 

appealing two-page project proposal, based on their previous work, for a project that aims at 

overcoming the challenge the group had chosen. All of the teams chose to write reports while 

some included more visual elements than in the previous deliverables.  

 

2.2 Data collection 

 

The analyzed data in this study is a part of the course deliverables that were handed in, in 

the  form of reports at the end of each section by student groups. The report lengths vary from 

two to four pages depending on assignment. The students were given a guideline of 

producing approximately four pages long reports for the first three assignments on 

sustainability, ethics and collaboration, and a two-page project proposal as their final report. 

This study builds on the first and last submitted assignments focusing on the vision the teams 

have in the beginning of the pilot as well at the end of the pilot.  

 

The first assignment was submitted by 22 groups, and 21 teams submitted a final project 

proposal. Three of the groups had to be ruled out of the analyzed data set, as they were 

lacking either their first report with a vision statement or their final report that was the project 

proposal. The first and last assignment deadlines had eight weeks between them. Therefore 

this data set consists of 38 reports submitted by 19 student teams of three to six students. 

Altogether the sample represents 93 students from the master’s programme in mechanical 

engineering, with an average student team size of 4.9.  

 

2.3 Data analysis 

 

Thematic analysis 

In this paper, we have closely examined the course deliverables to explore common topics, 

ideas of meaning that come up repeatedly. The nine emerging themes that were used for the 

thematic analysis derived from the course content explored throughout the sections.  Within 

these themes, patterns were studied using thematic analysis, a process of identifying patterns 

within qualitative data by breaking down the bits of information into themes [39] and a 



quantified comparison of distributions between rankings of issues in the first and final 

deliverable. 

 

As the course was structured into three sections (sustainability, ethics and collaboration) 

emerging themes within course content and deliverables were identified separately for each 

of these sections. For the sustainability section, the themes followed the three main elements 

of Elkington’s Triple Bottom Line model, that are originally identified as people, planet, 

profit [40]. These three concepts are adapted into the course as the environment, economy 

and culture themes that reflect the sustainability section. 

 

The second section of the course focused on ethics. Ethics emphasizes the professional codes 

that enable the fair development of technology that respects the rights of living organisms as 

a whole. Involving ethics into engineering education directs the students towards moral 

commitments and gives meaning to their work, which is aimed at benefiting public good but 

eventually enables self-fulfillment as well [41]. The themes that we have looked at under the 

ethics section derive from the four pillars of ethics in technology that are commonly known 

as fairness, robustness, privacy and explainability [42]. These  also correspond to the topics 

that have been covered during the workshops and keynote speeches, reframed into three 

themes of fairness, privacy and responsibility (encompassing both robustness and 

explainability).   

 

The third and the final section of the course focused on the necessary diversity that has to be 

recognized in terms of completing the skillset of the teams, how they function together and 

the collaboration with internal and external actors. The importance of stakeholders’ role in 

sustainability is widely recognized [43], and during the collaboration section, the student 

groups operationalized this by broadening their stakeholder mapping towards the diversity 

of existing skills within and around their team and discussed the necessity of co-creation to 

achieve greater systemic impact. These formed the three coding themes for collaboration. 

 

To summarize, the nine themes that were used in the coding and analysis of the data is listed 

as follows: 

1. Sustainability: Environment, Culture, Economy 

2. Ethics: Fairness, Privacy, Responsibility 

3. Collaboration: Diversity, Co-creation, Stakeholders 

 

To measure how these nine themes were incorporated into the student groups’ reports, we 

have used a five-point scale system as a representation of groups’ semantic distance towards 

these nine themes. Semantic distance refers to commonality of meaning between two or more 

different forms, and is a widely used  term in cognitive psychology and linguistics [44,45]. 

This semantic distance scale, explained below, helped us to identify how deep student 

groups’ had elaborated on the nine predefined themes in their reports.  

 

No mention of the theme    0 

Indirectly referred to the theme   1 

Briefly mentioned the theme    2 

Wrote a few sentences on this theme    3 

Discussed the theme and its implications  4 

Incorporated this theme in their solution proposal 5 

 

 



 

Statistical analysis 

The coded categories were then analyzed statistically to assess the significance of differences 

in the students’ embedding of societal concerns between their first and their last report. The 

analysis was carried out separately for each of the nine themes.  

 

As the data failed normality tests, distribution-free statistical methods were used to analyze 

the significance of the results when comparing the semantic distances of student groups to the 

defined themes in their first reports (vision statement) to their last reports (final 

proposal).  The coded ranks for all 19 student groups (A to V) for each of the nine themes, 

both in vision statements and final proposals, can be found in the Appendix.  
 

A two-tailed Mann-Whitney U-test was used to assess the significance of the differences 

between first and last submission of the total number of student groups. The resulting p-

values were considered statistically significant if they were smaller than .01. For seven of the 

nine themes, the difference was significant enough to be considered meaningful (p value 

varying between 0.0001 - 0.00758). Changes in two of the nine categories were not 

significant (p value varying between 0.4295 - 0.7565). When correcting for multiple 

comparisons using the Bonferroni method (p value threshold divided by the number of 

comparisons made, i.e. 0.05/9=0.0056), five increases remained statistically significant. The 

potential reasoning behind these results are discussed in the following section.  

 

3 Results - How engineering students perceive societal implications of innovation 

opportunities? 

 

Comparing the societal considerations around sustainability, ethics and collaboration in the 

innovation problem statements and final project proposals 19 engineering student groups, we 

found some systematic differences in how these facets were included in the written reports of 

the students. Looking at the change between the first and last deliverable, it is possible to 

identify a positive change in terms of semantic distance towards sustainability concepts. As 

seen in Figure 1, the overall rise of the semantic distance rankings suggest that the students 

have broadened their perspective towards societal issues throughout the course. Additionally, 

the students’ discussions on diverse concerns gained depth throughout the course. In all 

categories combined, the first reports had an average semantic distance rank of 1.36, 

underlining the low levels of embeddedness of societal concepts in general, whereas the final 

reports had an average semantic distance rank of 2.62, representing a statistically significant 

increase (p < 0.0001). 

 

For the majority of the groups, sustainability related concerns ranked higher (i.e. where 

discussed more frequently and to a further extent in the reports) than ethics and collaboration-

related concerns. This could be related to the students’ pre-existing concerns or to the 

knowledge they have obtained in other courses they have taken before. The exercises the 

student groups picked could also have an influence on their semantic distance to some of the 

concerns, causing higher starting ranks in some of the first reports. For example, a group 

working on data security was naturally concerned about privacy from the beginning, even 

before the Ethics section took place. In these cases, one must look at the development of how 

the groups’ semantic distance has evolved for other subjects, rather than compare across 

student groups.  

 

 



 
 
Figure 1. Development of students’ semantic distance rankings throughout the course regarding the nine  

identified themes  
 

Figure 1 shows an overview of the development of students’ semantic distance of the nine 

themes. The light colored line shows the average score received in the vision statement 

reports on each theme, while the dark colored line shows the average score received in the 

final proposals on each theme. On seven of the nine themes, the lines indicate a clear 

improvement in students’ semantic distance. The two themes that did not present 

improvement were the environment theme in the Sustainability cluster, and privacy theme in 

the Ethics cluster. The content and meaning of each theme, the reasoning behind the increase 

of the 7 themes and the argumentation behind the lack of improvement in two themes are 

next discussed under designated sub-chapters.  

 

3.1 Sustainability 

 

Environmental concerns 

The era that we live in requires each and every individual to adopt ecological consciousness 

as a mind-set and therefore, this is one of the most important subjects when making students 

aware of the potential linkages of engineering decisions and society. The topics that fall in 

this category of concerns are sparing use of resources, circularity, obting for natural materials 

and re-use and repair of existing products or parts.  

 

Thematic analysis of the student’s reports showed that all of the 19 groups mentioned 

environmental concerns in both their first report (vision statement) and their final report 

(proposal). When we compared the environmental concerns that were discussed in the first 

deliverable to last deliverable of student groups, their semantic distance scores remained 

relatively high as seen in Figure 2. Only 9 out of 19 student groups had any increase in their 

understanding of environmental concerns as reflected in the rankings, and it tended to be 

small. For example, one of the student reports mention plastic waste and carbon dioxide 

missions without incorporating it into their solution proposal: 



 

“At the same time the climate is warming due to CO2 emissions, plastic garbage 

patch, Pacific trash vortex, spans waters from the West Coast of North America to 

Japan. Are we drowning in plastic waste and CO2 emissions due to 3D printing?” 

(group C, final report) 

 

Five groups out of 19 maintained their semantic distance towards environmental concerns 

throughout the course, and the remaining 5 student groups (A, B, C, P, Q) portrayed a slight 

decrease in their incorporation of environmental concerns when we compare the two 

deliverables. The change in environmental concerns was not statistically significant (p = 0.42, 

U-value is 153, the critical value of U at p < .05 is 113). However, the reports also showed a 

shift towards other directions in the students’ ecological concerns, as more themes were 

introduced throughout the course. 

 

 
 
Figure 2. Development of semantic distance rankings for all 19 groups for the ‘environment’ theme  
 

Cultural concerns 

Cultural concerns that students raised in their reports related to the prosperous development 

of society that the innovation would be introduced to, evolving hand-in-hand with the 

technological advancements. The topics that fall into this category are changes that are 

implied on human life, new ways of communicating between individuals, as well as changing 

work-cultures in business settings. For example, one of the groups considered the impact of 

autonomous vehicles on taxi drivers: 

 

“The biggest prey in the job market that autonomous vehicles have are taxi drivers.  

In a city with autonomous vehicles that are able to drive people up and down the city 

while the owners are working, for example, would highly decrease the demand for 

taxies, especially when you do not need to pay the taxi driver’s salary.” (group D, 

first report) 



 

Five groups did not consider cultural aspects at all in their vision statements (semantic 

distance rank = 0), and another 5 only indirectly mentioned it (semantic distance rank = 1). 

However, in their final proposals, the majority of the groups gave more depth to their linking 

of cultural concerns (16/19). For example, in their final report, one group exceeded the 

boundaries of the given engineering problem, and discussed the issue on a meta-level by 

reflecting on the systemic impact of their potential solution that leads towards citizen 

empowerment. The group quotes on the importance of education for women in the context of 

a developing country, and therefore underlines the necessity of changing the mindset as 

follows: 

 

“An important contributor to this is education, especially for women. With education 

comes the realization that things could be better and that “I can make a change. 

Living passively, settling for the current situation, does not lead to improvement.” 

(group Q, final report) 

 

This increase in consideration was statistically significant at p=0.0057 (U-value is 85.5, the 

critical value of U at p < .05 is 113). Still, one must realize that in many of the groups 

(10/19), the ranking only changed by 1 point, which underlines the difficulty of embedding 

cultural concerns in engineering decisions, even after attending seminars and workshops that 

specifically tackle this topic.  

 

 
 
Figure 3. Development of semantic distance rankings for all 19 groups for the ‘culture’ theme 

 

Economical concerns 

Economical concerns relate to the profit making potential of innovations that heavily relies 

on engineering decisions but at the same time evolves in harmony with environmental and 

cultural concerns in order to sustain a comfortable lifestyle for citizens while enabling further 

technological advancements. The topics that fall into this category are alternative business 



models, economies of disadvantaged groups or areas and providing certain services or 

products for less. For example, one of the student reports mentioned business opportunities 

and the need of international standards to pursue them: 

 

“The IoT plays a key role in sustainable cities and communities. Successful and safe 

IoT technology will create more career and business opportunities. Our research 

shows that the most effective, and maybe also only global, solution for data security 

issues are laws, standards and contracts.” (group E, first report) 

 

All student groups were concerned about the economy in some manner in the initial reports. 

Some took it from a global point of view, where the purpose is to invest in the development 

of those who are in need, while others pointed out alternative techniques that could not only 

be environmentally friendly but also profitable. From the 19 groups, there was only one 

group that reflected on the economical benefits of their particular initial solution (semantic 

distance rank = 4). Another group  mentioned profit in their vision statement, but reframed 

their focus in the final proposal in a way that does not raise economical concerns (group D). 

In general, profitably was mentioned or discussed as an issue  in the beginning and at the end, 

but not a main concern portrayed in the reports., as shown for example in the following brief 

mention of profit in one of the final reports: 

 

“Big corporations do not often think about nature, only large profits and therefore, it 

is a business opportunity to be a responsible company.” (group R, final report) 

 

The increase of the  students’ reflection on the economy was statistically significant (p = 

0.00758, U-value is 88.5, the critical value of U at p < .05 is 113). 
 

 
 
Figure 4. Development of semantic distance rankings for all 19 groups for the ‘economy’ theme 

 

 



3.2 Ethics 

 

Privacy concerns 

As societies are getting more and more connected through new channels that even become a 

part of households, privacy becomes increasingly important for safety and comfort of 

individuals [46]. Under the Ethics section, potential risks that are not necessarily recognized 

yet were identified and discussed. Students argued a variety of issues regarding privacy that 

include, but are not limited to, the potential attacks on AI-based products, privacy of 

individuals at home and at the workplace, protection of intellectual property rights, as well as 

data security when dealing with big data. 

 

Privacy was one of the two themes where the change in consideration was non-significant 

(p=0.75, U-value is 169.5, the critical value of U at p < .05 is 113). As seen in Figure 5, a 

majority of the student groups did not raise concerns towards privacy neither in their first nor 

last report (13 out of 19 groups). On the other hand, one group (E) raised privacy and 

hacking-related concerns related to the safety of individuals, in both analyzed deliverables, 

dealing with a digital security challenge. This group deeply elaborated on privacy concerns 

already in their first report and used the privacy aspect as a starting point for ideating 

solutions for their challenge: 

 

“It is important to find a solution for our challenge as IoT devices are getting more 

common everyday and it is very likely that soon everyone is an IoT user. Because of 

this privacy will be an issue, since IoT is important as it guarantees equality and 

freedom. If IoT devices are not secured, soon everyone will have spying devices at 

home and the data these devices collect can be used against their users.” (group E, 

first report) 

 

A further four groups (L, N, R, S) increasingly raised privacy concerns. Their reports clearly 

indicate the realisation of the importance of the privacy matter through the exercises they 

have done in the workshops, discussions with experts during seminars and their explorations. 

For example, one of the groups that incorporated privacy discussions in their solution 

proposals noted that: 

 

“Another legislative matter is the digital intellectual property rights regarding the 

3D-printed products... There needs to be strong disentives against piratism and 

intellectual property theft. This can be solved by making the designs of the products 

or parts to be printed cheap and easily available for everyone. The incentives for 

piratism can also be reduced by enforced laws, with better intellectual property laws” 

(group L, final report) 

 



 
 
Figure 5. Development of semantic distance rankings for all 19 groups for the ‘privacy’ theme 

 

Fairness concerns 

Fairness aspect refers to the quality of progress without isolating a part of society or the 

planet from the other. Technology is expected to work in the benefit of common good, and 

therefore engineers must make decisions without causing disadvantageous situations. 

However, fairness is a complex phenomenon, especially in business context, as actors in 

multi-stakeholder processes have different expectations [47]. During the course, the student 

groups were asked to reflect on the potential unfairness that their challenge and/or solution 

proposal might cause directly or indirectly. For example, one group reflected on the 

accessibility of 3D printing due to its relative cost: 

 

“Completely another issue of 3D printing is inequality of the machinery. Even though 

3D printers are affordable to most of us, for example in Africa, the person who owns 

the only printer of the village would quickly obtain a dominant position of producing 

goods. This would cause wealth to stach [sic] to just 3D printer owners, and wealth 

made by printers would not benefit all members of the society.” (group O, first report) 

 

However, as seen in Figure 6,  students were mostly not concerned about fairness in their 

vision statement, which was written before the introduction of the sections. Eight out of 19 

groups did not mention fairness in their vision statement, and another 9 only indirectly 

referred to this theme. In the final proposals, many groups discussed the potential misuse of 

their ideas in a variety of contexts. 18 out of 19 groups mentioned fairness, even if indirectly: 

 

“Our goal is to follow and emphasize sustainability, equal payment for employees, 

gender equality and respect for regulations. By following these values, we see 

ourselves as a company with good will and ambition to create a better industrial 

service worldwide than ever before.” (group H, final report) 

 



The average semantic distance ranking went to 2 from 0.73 demonstrating an increase that 

was statistically significant even when correcting for multiple comparisons (p=0.00078, U-

value is 65, the critical value of U at p < .05 is 113).  

 

 
 
Figure 6. Development of semantic distance rankings for all 19 groups for the ‘fairness’  theme 
 

Responsibility concerns 

Responsibility refers to caring about the wellbeing of living mechanisms and the systems that 

support their harmonious development. Technological innovations that enable the 

materialistic development of humanity, evergrowingly requires engineers to question the 

necessity of their actions [48]. As a part of the Ethics sections, the students in the course 

discussed responsible innovation in terms of safe and lawful interventions, as well as 

corporate responsibility. For example, one group reflected on safety in autonomous vehicles: 

 

“Our objectives include more high-tech and safer AI networks in self-driven cars 

keeping human safety and efficiency factors in mind. Theoretically, AI is able to re-

perform everything that humans are capable of, meanwhile, the error of unexpected 

behaviour of machines is so much less than humans.” (group D, final report) 

 

Figure 7 shows that the students started the course with a low demonstration of responsibility 

consideration. A majority of the groups only indirectly referred to potential risks or damage 

the solutions to their challenge could create (semantic distance rank = 1 with 12/19). Six 

groups exceeded this by writing at least a couple of sentences on the aims to achieve 

responsible innovations. One group did not mention this theme at all in the first report. 

 

In their final proposals, all the 19 groups have at least mentioned responsibility. The average 

semantic distance rank increased to 3.5 in the final reports from 1.4 in the vision statement, 

representing a statistically significant increase even when correcting for multiple comparisons 

(p < 0.00001, U-value is 23.5, the critical value of U at p < .05 is 113). Within these, there were 



15 groups that increased their semantic distance rank by at least two points. For example, one 

group went from indirectly referring to responsibility to reflecting on issues of responsibility 

in 3D printing, citing examples and considering how to guard against misuse: 

 

“Before widespread consumer use of 3D-printing, there are some things that need to 

be considered. First, the potential risk of dangerous products like guns being 

produced is a major concern. Since designs for products are transferred digitally, the 

trace can be hidden quite efficiently. Even though it can be hard, there still needs to 

be a strong legislative movement towards protecting against potential misuse of the 

technology.” (group L, final report) 

 

 
 
Figure 7. Development of semantic distance rankings for all 19 groups for the ‘responsibility’ theme 

 

3.3 Collaboration 

 

Diversity concerns 

The diversity theme refers to the inclusion of multiple perspectives when solving engineering 

problems. In the world of management team diversity in terms of skills is commonly 

accepted as a beneficial aspect, and diversity brings advantages  to a company’s ability to 

innovate. But when it comes to practice, engineering teams commonly prefer technical 

knowledge that is readily available within the existing team [49]. As a part of the theme, the 

students traced the diversity of their skill-set within the team as well as identified the missing 

elements in order to achieve their goals. It is important to mention that we observed a 

significant improvement in this category after a skill-mapping exercise that was done during 

the third workshop. 

 

Figure 8 shows that 15 of our 19 groups initially indirectly referred to the necessity of 

diversity when solving their challenge. As the groups were dealing with complex societal 



problems, it was clear to the students that new skill sets are necessary. For example, one 

group quotes on the necessity of multidisciplinary collaboration as follows: 

 

“Collaboration with lawyers, business professionals and component suppliers must 

also be considered in this stage.” (group A, final report) 

 

The average semantic distance rank went from 1.15 to 2.73 in the final reports, representing a 

statistically significant increase even when correcting for multiple comparisons (p < 0.00001, 

U-value is 36, the critical value of U at p < .05 is 113).  

 

 
 
Figure 8. Development of semantic distance rankings for all 19 groups for the ‘diversity’ theme 

 

Co-creation concerns 

The proliferated term of co-creation refers to the practice of value creation as a collaborative 

activity that design and business scholars have been underlining for decades [50]. Co-creation 

aims to involve a variety of stakeholders in the process of finding solutions in order to 

achieve relevant results for the end-users. For example, some reports identified potential 

collaborators with whom to develop their solution further, both from the supplier and 

application sides: 

 

“Collaboration with other eco-minded businesses and projects, would be highly 

beneficial and desirable. As 3D printing as a manufacturing method is still 

developing, we also have to keep adapting to new ideas and solutions from 

collaborators.” (group K, final report) 

 

“The team relies heavily on a strong 3-way communication system between 

healthcare professionals, customers and the team. In this proposed business model 

the patients are considered to be the customers, or more accurately the users, the 



team is the “contractor/supplier” and the healthcare professionals act as specialist 

consultants to the team” (group A, final report) 

 

Co-creation had one of the lowest semantic distance ranks in the vision statement reports, 

with only two of the 19 teams even indirectly referring to it. However, throughout the course, 

as the complexity of the assignments were acknowledged, and the missing knowledge 

became apparent, co-creation considerations increased. In the final proposal, almost the entire 

class mentioned the necessity of co-creation for the potential solution (17/19), from which 4 

groups discussed co-creation opportunities (semantic distance rank = 4). The average rank 

increased to 2.3, which was statistically significant even when correcting for multiple 

comparisons (p < 0.00001, U-value is 23, the critical value of U at p < .05 is 113).  

 

 
 
Figure 9. Development of semantic distance rankings for all 19 groups for the ‘co-creation’ theme 

 

Stakeholder concerns 

Last but not least, the final theme of the Collaboration section focused on the communication 

with the stakeholders that are or should be involved in the process and that are affected by the 

results. The students were expected to acknowledge the relevance of different types of 

stakeholders in their journey towards an impactful solution and identify their level of 

involvement in the decision making process. 

  

Unlike the other themes of this section, student groups had a relatively high awareness of at 

least some stakeholders to their project from the start. Fourteen out of 19 groups mentioned 

the relevance of involving or informing stakeholders in their vision statement, even if 

sometimes indirectly.  

  

“The stakeholders are essential since they are aware of the consequences described 

above, are in leading positions amid health care professionals, and are involved in 

the development and enforcement of current safety measures.” (group B, final report) 



  

However, Figure 10 illustrates that together with the diversity and co-creation themes, it 

became growingly evident for teams that involving stakeholders would be beneficial for their 

project. The semantic distance rank grew to 3 from 1.3, a statistically significant increase 

even when correcting for multiple comparisons (p = 0.00038, U-value is 58, the critical value 

of U at p < .05 is 113).  

  

 
 
Figure 10. Development of semantic distance rankings for all 19 groups for the ‘stakeholders’ theme 

 

4 Discussion 

 

This paper describes a study of investigating engineering students’ perceptions of societal 

considerations in relation to innovation opportunities in certain technological challenges. 

Student teams’ report deliverables were analyzed to find out how engineering students 

perceive societal implications and understand how they link to their challenges and 

innovation opportunities. The students were taught and guided to use creative problem 

solving approaches and methods often linked to design thinking in a series of panel 

discussions, workshops and assignments. Previous research has demonstrated that better 

learning outcomes of sustainability related challenges are reached when multi-method 

learning experiences are produced [20]. Additionally, problem-based design challenges and 

teaching have been connected to increase awareness of societal issues, entrepreneurial 

intentions and innovation self-efficacy amongst engineering students [11,20,51], highlighting 

the benefits of generatively applying knowledge within courses. Overall, the students ability 

to implement the measured sub-themes of sustainability, ethics and collaboration in seven out 

of the nine sub themes improved statistically significantly. Only two subcategories did not 

improve across the reports: privacy (scarce in most reports) and environment (typically 

represented well in all reports from the start).  

 



Engineering students conventionally focus on targeted technological advancements in their 

project assignments during their education. Societal implications of such advancements are 

seldom discussed. For example, Leydens and Lucena [52] present several cases where 

engineering students are simply not interested in societal dimensions of technical knowledge. 

The authors search for the origins of this prejudicial issue in the early years of education, 

where students are thought to believe that those that are good at mathematics would succeed 

in engineering education. Leydens and Lucena [52] suggest that as a result, students prefer to 

excel only in what they are already good at, and refrain from dealing with societal issues that 

are conventionally not included in the category of technical studies. However, a number of 

engineering programs have sought to introduce socially responsible innovation to their 

curricula to widen the capabilities of engineering and enhance their ability to advance social, 

environmental and economical issues [e.g. 53–55]. 

 

The current study offers encouraging results as a fairly minor intervention was able to yield at 

least temporary increases in the sustainability, ethics and collaboration considerations of 

engineering students in innovation project proposals. Furthermore, environmental issues were 

at a relatively high level even in the first round of reports (although this might have been 

influenced by having the deliverable deadline only after the first section). It may be that 

general media coverage has increased awareness towards ecological issues, as students are 

surrounded by discussion regarding climate change, pollution and energy consumption that 

cover (social) media on a daily basis. In addition, many engineering courses do already 

incorporate some sustainability considerations, although typically focusing on technological 

rather than sociological aspects of sustainability [22]. In general, the social side of 

engineering tends to be downplayed [56]. Indeed, we saw marked increases in the cultural 

and economic considerations students made in their reports. 

 

While there was still room for improvement in all societal considerations for innovation, 

sustainability represented the most thorough consideration for the majority of the 19 student 

teams by the end of the course. Ethical considerations and collaboration were less consistent, 

even though improvement was seen in all categories except for privacy considerations. In the 

current data set, privacy, fairness and co-creation in particular remained overlooked or only 

superficially mentioned by most of the student groups, even though fairness and co-creation 

considerations did increase from the initial reports. In fact, co-creation, diversity and 

responsibility considerations have shown the most significant increase by the end of the 

course. Yet, the average semantic distance rankings remained relatively low in these 

categories.   Innovation and design decisions involve making decisions on whose needs and 

desires to privilege - and at whose expense [57–60]. While tradeoffs may be inevitable, we 

need to strive towards making informed decisions - yet the lack of discussion around these 

core topics in the current report data suggest that many engineering students do not consider, 

let alone have the skills to successfully address these core issues. 

 

As the current study is limited to a single course and fairly short (two to four page) written 

assignments, more research is still clearly needed to develop a wider and deeper 

understanding of how engineering students incorporate societal concerns in their problem 

solving efforts. Therefore the results are not generalizable as such. However, from a practical 

perspective, the results are encouraging in the sense that a relatively minor intervention 

enabled engineering students to apply a broader range of societal considerations in scoping 

innovation projects. Thus, we encourage other institutions to introduce societal perspectives 

of innovation into teaching. Nevertheless, we acknowledge that succeeding in  this kind  of 

an introduction to societal issues in engineering education may require an existing culture of 



interdisciplinary, cross-cutting teaching and learning that provides a fertile ground for 

change. Longitudinal studies extending beyond the time frame of single courses are needed to 

evaluate whether these changes stick and transfer to other innovation and problem solving 

efforts. 

 

On the other hand, the coding scheme developed in this study can be used for other 

deliverables to identify which areas might benefit most from added instruction or to evaluate 

the effectiveness of interventions. In the studied course, for example, ethical considerations 

were identified as lagging behind other considerations even after the intervention. Given that 

co-creation also remained fairly low, future studies could investigate whether project-based 

courses with interaction with external stakeholders are effective in increasing such 

considerations. Additionally, future research could also explore how different forms of 

interdisciplinary collaboration affect societal considerations - solving sustainability problems 

requires integrating knowledge from various scientific and societal bodies of knowledge [61]. 

While some knowledge in all societal aspects can be considered beneficial for responsible 

innovation, engineering students can also be well-served by being able to identify which 

professionals and disciplines they need to involve in their efforts to overcome limitations in 

their own capabilities. Broadening the societal considerations of engineering students may 

require broadening both their access to experiences with dealing with societal considerations 

in problem solving within engineering education, as well as access to opportunities to 

bridging their expertise to the array of other disciplines required to address these issues in 

concerted efforts. 

 

5 References 

 

[1]  United Nations, Department of Economic and Social Affairs, Population Division 

(2019). World Population Prospects 2019, no. 141. 

[2]  D. Helbing, “Societal, economic, ethical and legal challenges of the digital revolution: 

From big data to deep learning, artificial intelligence, and manipulative technologies,” 

in Towards Digital Enlightenment: Essays on the Dark and Light Sides of the Digital 

Revolution, D. Helbing, Ed. Springer Cham, 2019, pp. 47–72. [Online] Available: 

Springer. 

[3]  National Academy of Engineering, “The Engineer of 2020: Visions of Engineering in 

the New Century,” 2004. 

[4]  National Academy of Engineering, “Grand challenges for engineering,” 2008. 

[5] D. Trapido, “How novelty in knowledge earns recognition: The role of consistent 

identities,” Research Policy, vol. 44, no. 8, pp. 1488–1500, 2015. 

[6]  K. F. Mulder, “Engineering curricula in sustainable development. An evaluation of 

changes at Delft University of Technology,” European Journal of Engineering 

Education, vol. 31, no. 2, pp. 133–144, 2006. 

[7]  G. Bristow and A. Healy, “Regional resilience: An agency perspective,” Regional 

Studies, vol. 48, no. 5, pp. 923–935, 2013. 

[8]  S. Davenport and D. Bibby, “Rethinking a national innovation system: The small 

country as SME,” Technology Analysis and Strategic Management, vol. 11, no. 3, pp. 

431–462, 1999. 

[9]  K. E. Dooley, “Towards a holistic model for the diffusion of educational 

technologies: An integrative review of educational innovation studies,” Educational 

Technology and Society, vol. 2, no. 4, pp. 35–45, 1999. 



[10]  C. Edquist and S. Borrás, “The Choice of Innovation Policy Instruments,” 

Technological Forecasting and Social Change, vol. 80, no. 8, pp. 1513–1522, Oct. 

2013. 

[11]  S. K. Gilmartin, A. Shartrand, H. L. Chen, C. Estrada, and S. Sheppard, “Investigating 

entrepreneurship program models in undergraduate engineering education,” 

International Journal of Engineering Education, vol. 32, no. 5, pp. 2048–2065, 2016. 

[12] L. A. Stewart, “The Impact of Regulation on Innovation in the United States: A 

Cross-Industry Literature Review,” 2011. 

[13]  K. Blind, “The impact of Regulation on Innovation,” working paper, Nesta, vol. 12. 

no. 2, 2012. [Online] Available: https://www.nesta.org.uk/report/the-impact-of-

regulation-on-innovation/ 

[14]  T. W. Valente, Network Models of the Diffusion of Innovations. Cresskill, NJ: 

Hampton Press, 1999. 

[15]  E. M. Rogers, Diffusion of Innovations. New York: Free Press, 1995.  

[16]  G. Bugliarello, “The Social function of engineering: A current assessment,” in 

Engineering as a Social Enterprise, H. E. Sladovich, Ed. Washington D.C.: National 

Academy Press, 1993, pp. 73–113. 

[17]  D. Riley, A. E. Slaton, and A. L. Pawley, “Social justice and inclusion - Women and 

minorities in engineering,” in Cambridge Handbook of Engineering Education 

Research, A. Johri and B. M. Olds, Eds. Cambridge: Cambridge University Press, 

2015, pp. 335–356. 

[18]  R. Foley and B. Gibbs, “Connecting Engineering Processes and Responsible  

Innovation: A Response to Macro-Ethical Challenges,” Engineering Studies, vol. 11,  

no. 1, pp. 9–33, Feb. 2019. 

[19]  T. Byers, T. Seelig, S. Sheppard, and P. Weilerstein, “Entrepreneurship: It’s role in  

engineering education”, The Bridge, vol. 43, no. 2, pp. 35–40, 2013. 

[20]  S. M. Zain, N. A. Mahmood, N. E. A. Basri, H. Basri, W. H. Wan Badaruzzaman, O. 

Jafaar, F. Suja, M. R. Taha, and W. H. M.  Wan Mokhtar, “Environmental education 

and sustainable development in engineering field,” Journal of Engineering Science 

and Technology, vol. 10, pp. 23–32, 2015. 

[21]  M. K. Watson, E. Barrella, T. A. Wall, C. Noyes, and M. Rodgers, “A rubric to 

analyze student abilities to engage in sustainable design,” Advances in Engineering 

Education, vol. 6, no. 1, 2017. 

[22]  J. Segalàs, D. Ferrer-Balas, and K. Mulder, “What do engineering students learn in 

sustainability courses? The effect of the pedagogical approach,” Journal of Cleaner 

Production, vol. 18, no. 3, pp. 275–284, 2010. 

[23]  M. Thürer, I. Tomašević, M. Stevenson, T. Qu, and D. Huisingh, "A systematic 

review of the literature on integrating sustainability into engineering curricula,” 

Journal of Cleaner Production, vol. 181, pp. 608–617, 2018. 

[24]  P. Micheli, S. J. S. Wilner, S. Hussain Bhatti, M. Mura, and M. B. Beverland, “Doing 

design thinking: Conceptual review, synthesis, and research agenda,” Journal of 

Product Innovation Management, vol. 36, no. 2, pp. 124–148, 2019. 

[25]  K. D. Elsbach and I. Stigliani, “Design thinking and organizational culture: A review 

and framework for future research,” Journal of Management, vol. 44, no. 6, pp. 2274– 

2306, 2018.  

[26]   R. G. Cooper, “Profitable product innovation: the critical success factors,” in The 

International Handbook on Innovation, L. V. Shavinina, Ed. 2003, pp. 139–157. 

[27]  T. Brown, Change by Design: How Design Thinking Transforms Organizations and 

Inspires Innovation. Harper Business, 2009. 

https://www.nesta.org.uk/report/the-impact-of-regulation-on-innovation/
https://www.nesta.org.uk/report/the-impact-of-regulation-on-innovation/


[28]  U. Johansson‐Sköldberg, J. Woodilla and M. Çetinkaya, “Design thinking: past, 

present and possible futures,” Creativity and Innovation Management, vol. 22, no. 2, 

pp. 121–146, 2013. 

[29]  N. Iskander, “Design thinking is fundamentally conservative and preserves the status 

quo,” Harvard Business Review, vol. 5, 2018. 

[30]  K. Dorst, “The core of ‘design thinking’ and its application,” Design Studies, vol. 32, 

no. 6, pp. 521–532, 2011.  

[31]  T.A. Björklund, H. Maula, S. Soule, and J. Maula, “Building design-driven 

organizations: The co-evolvement of deep and wide design capabilities,” California 

Management Review, vol. 62, no. 2, pp. 100–124, 2020. 

[32]  L. Matthew and K. Becker, “Engineering Design Thinking,” Journal of Technology 

Education, vol. 24, no. 2, 2013. 

[33]  G. Midgley, Systems Thinking. London: SAGE, 2003. 

[34] H. E. Sladovich and J. H. Hollomon, Engineering as a Social Enterprise. Washington 

D.C.: National Academy Press, 1991.  

[35]  K. Brundiers and A. Wiek, “Educating students in real-world sustainability research: 

vision and implementation,” Innovative Higher Education, vol. 36, no. 2, pp. 107–

124, 2010. 

[36]  T. Issa, V. Chang, and T. Issa, “Sustainable business strategies and PESTEL 

framework,” GSTF International Journal on Computing, vol. 1, no. 1, pp. 73–80, 

2010. 

[37]  M. Hagen, A. Bernard, and E. Grube, “Do it all wrong! Using reverse-brainstorming 

to generate ideas, improve discussions, and move students to action,” Management 

Teaching Review, vol. 1, no. 2, pp. 85–90, 2016. 

[38]  Teaching Circular Design: A Handbook for Educators, 1st ed., EU Erasmus+ 

Circular Design; Learning for Innovative Design For Sustainability, 2019. 

[39]  V. Braun and V. Clarke, “Using thematic analysis in psychology,” Qualitative 

Research in Psychology, vol. 3, pp. 77–101, 2006. 

[40]  J. Elkington, “Towards the sustainable corporation: Win-win-win business strategies 

for sustainable development,” California Management Review, vol. 36, pp. 90–100, 

1994. 

[41]  M. W. Martin, “Personal meaning and ethics in engineering,” Science and 

Engineering Ethics, vol. 8, pp. 545–560, 2002.  

[42]  S. H. Unger, Controlling technology: ethics and the responsible engineer. New York: 

J. Wiley & Sons, 1994. 

[43] B. L. Burns, J. B. Barney, R. W. Angus, and H. N. Herrick, “Enrolling stakeholders  

under conditions of risk and uncertainty,” Strategic Entrepreneurship Journal, vol. 

10, no. 1, pp. 97–106, 2016. 

[44]  M. C. Cooper, “Semantic distance measures,” Computational Intelligence. vol. 16, 

pp. 79–94, 2000. 

[45]  M. Vakulenko, “Calculation of semantic distances between words: From synonymy to 

antonymy,” Journal of Quantitative Linguistics, pp. 1–13, 2018. 

[46]  F. Bélanger and R. E. Crossler, “Privacy in the Digital Age: A review of information 

privacy research in information systems,” MIS Quarterly, vol. 35, no. 4, pp. 1017–

1041, 2011. 

[47]  E. Tuusjärvi and K. Blois, “Interpretations of fairness in dissolution of complex 

relationships,” Journal of Marketing Management, vol. 20, no. 9, pp. 959–975, 2004. 

[48]  E. Fisher and A. Riep, “Responsible innovation: Multi-level dynamics and soft 

interventions,” in Responsible Innovation, R. Owen, M. Heintz, and J. Bessant, Ed. 

Chichester: Wiley, 2013, pp. 165–183.  



[49]  G. S. Van der Vegt and O. Janssen, “Joint Impact of Interdependence and Group 

Diversity on Innovation,” Journal of Management, vol. 29, no. 5, pp. 729–751, 2003. 

[50]  V. Ramaswamy and K. Ozcan, “What is co-creation? An interactional creation 

framework and its implications for value creation,” Journal of Business Research, 

vol. 84, pp. 196–205, 2018. 

[51]  M. Schar, S. K. Gilmartin, B. Rieken, S. R. Brunhaver, H. L. Chen, and S. Sheppard, 

“The making of an innovative engineer: Academic and life experiences that shape 

Engineering Task and Innovation Self-Efficacy,” presented at ASEE Annual 

Conference and Exposition, Columbus, Ohio, American Society for Engineering 

Education, 2017. 

[52]  J. A. Leydens and J. C. Lucena, Engineering Justice: Transforming Engineering 

Education and Practice. Hoboken: IEEE Press, 2018. 

[53]  K. Bissett-Johnson and D. F. Radcliffe, “Engaging engineering students in socially 

responsible design using global projects,” European Journal of Engineering 

Education, vol. 1, no. 23, 2019. 

[54]  P. Gordon, J. Kramer, R. Dzombak, S. Martin, and A. M. Agogino, “Building 21st 

century skills through development engineering,” International Journal of 

Engineering Education, vol. 34, no. 2, pp. 619–631, 2017. 

[55]  A. I. Schäfer and B. S. Richards, “From concept to commercialization: student 

learning in a sustainable engineering innovation project,” European Journal of 

Engineering Education, vol. 32, no. 2, pp. 143–165, 2007. 

[56]  J. Trevelyan, “Reconstructing engineering from practice,” Engineering Studies, vol. 2, 

no. 3, pp. 175–195, 2010. 

[57]  V. Papanek, Design for the real world: Human Ecology and Social Change. Academy 

Chicago: 1984. 

[58]  M. Steen, “Upon opening the black box and finding it full: Exploring the ethics in 

design practices,” Science, Technology, & Human Values, vol. 40, no. 3, pp. 389–420, 

2015. 

[59] V. Margolin and S. Margolin, “A ‘social model’ of design: Issues of practice and 

research,” Design Issues, vol. 18, no. 4, pp. 24–30, 2002. 

[60]  M. Monteiro, Ruined by Design. How Designers Destroyed the World and What We  

Can Do to Fix It. Mule Design, 2019. 

[61]  D. J. Lang, A. Wiek, M. Bergmann, M. Stauffacher, P. Martens, P. Moll, and C. J.  

Thomas, “Transdisciplinary research in sustainability science: Practice, principles, 

and challenges,” Sustainability Science, vol. 7, no. 1, pp. 25–43, 2012. 

 

 

 

 

 

 



  Appendix. Coded rankings of the considered nine societal themes in the first and final reports
  of 19 student groups.
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