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T - aj atsimaasosyyvätsek nedienutsimlav tavekut totsipoily netim ,iiktut ajriksötiäv ämä
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K naamimiot atiakkulah aj aivaaso navelo naatetodo nedienutsimlav ässesimätside nedyyvätse  
i 'ätierhiv' aj äiskymekän aisuu niktavout teenutsimlaV .äjötnätyäk ajuttutot navatsaah aj itsesiänest  
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1. Introduction 

The working life urgently needs people with adequate competencies to mitigate 

and halt the ongoing environmental degradation and its social and economic 

consequences (IPCC, 2018; IPBES, 2019; Rockström et al., 2023). Higher edu-

cation has a key role in educating the experts and future leaders capable of tack-

ling with and solving these complex sustainability challenges. Particularly engi-

neers have a crucial role in the society as the innovators of new technological 

solutions and in being the experts of problem-solving. 

However, as the pace of the global environmental changes is only accelerating 

(Steffen et al., 2015a; IPCC, 2022; Rockström et al., 2023; Richardson et al., 

2023), immediate actions are requested from all organizations to contribute to 

a rapid sustainability transformation of the society. Therefore, university grad-

uates play an important role already during their early career; they can bring 

new knowledge and insights from their education to the workplaces and help 

catalyzing the change (Wiek et al., 2011; Trevelyan, 2019). For this to realize, the 

education and the workplaces should ensure the catalyst role by supporting the 

development of adequate competencies and agency of the graduates and ensur-

ing sufficient possibilities for them to act for sustainability in the workplaces.  

Universities worldwide have responded to the request to promote sustainabil-

ity in their operations (Lozano et al., 2013; 2015; SDG Accord, 2019). The 

measures taken have particularly emphasized lowering the ecological footprint 

of the universities (Wals, 2014; Ramos et al., 2015), while integrating sustaina-

bility in the education has only recently gained more attention (Sherman & 

Burns, 2015; Michel, 2020). In general, a whole university approach to sustain-

ability (McMillin & Dyball, 2009; Kohl et al., 2022), as well as redesigning the 

university curricula and the supporting university structures (Sterling, 2001; 

Kolmos et al., 2016) have been suggested as means to ensure that the universi-

ties provide full support for the development of the necessary competencies of 

their students. This implies that universities manifest sustainability holistically 

and transparently in all their operations and link their research, campus man-

agement, and outreach activities to sustainability education (Cortese, 2003). 

Thereby, the students learn both informally through being exposed to a sustain-

ability-oriented environment and formally through engaging in practical appli-

cations of sustainability (McMillin & Dyball, 2009; Kohl et al., 2022). 

Many examples exist of the actions taken by the Nordic universities, particu-

larly in Sweden (e.g., Holmberg et al., 2012; Finnveden et al., 2020). However, 

evidence is lacking on how the Nordic universities have succeeded to integrate 
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sustainability in the education in such a way that ensures the development of 

the important graduate competencies. Considering that the Nordic countries 

are renowned for embracing sustainability in their socio-economic models 

(Maassen et al., 2008) and have an ambitious sustainability strategy (Nordic 

Council of Ministers, 2019), it would be important to know, whether the Nordic 

universities are ensuring adequate competencies for their graduates through re-

alizing a whole university approach. 

A wide convergence exists on the competencies that ought to be developed to 

advance sustainability. Systems and futures thinking, interpersonal, values 

thinking, strategic thinking, and problem-solving have been suggested as the 

key sustainability competencies (Wiek et al., 2011), together with interdiscipli-

nary competency (e.g., Barth et al., 2007), critical thinking (Rieckmann, 2012; 

UNESCO, 2017), self-awareness, and implementation competencies (Brundiers 

et al., 2021; Redman & Wiek, 2021). For engineers, specifically problem-solving 

and interdisciplinary collaboration, as well as self-knowledge and ethics have 

been identified important (Guerra, 2017; Thürer et al., 2018; Quelhas et al., 

2019). In addition to the key sustainability competencies, engineering graduates 

are expected to possess certain working life skills, including a proactive attitude, 

teamwork skills and communication, project management, lifelong learning, 

and curiosity (Korte et al., 2015; Passow & Passow, 2017; Khoo et al., 2020). In 

engineering education, long traditions exist in considering the industry expec-

tations, but the relevance of sustainability from the viewpoint of the stakehold-

ers of engineering education has remained underemphasized (Thürer et al., 

2018). In addition, the relative importance of the different competencies in the 

early career is an underexplored topic (Brunhaver et al., 2018). 

Developing important competencies is only a starting point for the graduates 

to catalyze a societal sustainability transformation; another phase begins after 

the graduation. However, relatively little is known of how the graduates manage 

to apply and perform their competencies and act for sustainability in their early 

career workplaces. The picture that forms from the few existing studies suggests 

that apart from the acquired competencies, many workplace-related factors, in-

cluding culture, norms, resources, and support provided affect the ability of the 

graduates to contribute to sustainability (Holdsworth et al., 2019a; Thomas et 

al., 2020; Chance et al., 2022). In addition, in the field of engineering, the tran-

sition phase to the working life has been shown to be generally challenging for 

the graduates due to a contextual change and contradicting expectations to-

wards their task performance and competencies (Korte et al., 2015; Brunhaver 

et al., 2018; Trevelyan, 2019; Lutz & Paretti, 2021). Despite the potential of the 

graduates to bring new insights and to accelerate the sustainability contribu-

tions of their organizations, research is scarce on how the workplaces receive 

their insights and how the employers perceive the role of graduates in promot-

ing sustainability. 

The overarching aim of this dissertation is to explore how the graduates can 

act as catalysts of the societal sustainability transformation already in the be-

ginning of their professional career. The dissertation approaches the topic from 

the perspective of three fields, sustainability in higher education (SHE), 
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sustainability in engineering education (SEE), and the transition phase of grad-

uates from the education to the working life (Figure 1), with a special emphasis 

on SHE and SEE. The research particularly aims to provide new insights for en-

gineering education and means to evaluate or renew curricula to better support 

the graduates in their early career and sustainability endeavours.  

The explorations of this dissertation focus on the three research topics de-

scribed above, the institutional sustainability contributions of universities, the 

important early career and sustainability competencies, and the role and possi-

bilities of graduates to advance sustainability in the workplaces. More specifi-

cally, the dissertation first explores how the Nordic universities have integrated 

sustainability in their operations and surveys whether the observed integration 

measures reflect a whole university approach (see 2.2.3). Second, the disserta-

tion analyses the importance of different competencies in the early career of en-

gineering graduates and investigates, which competencies are specifically re-

quired for promoting sustainability. Third, the dissertation aims to understand 

how the engineering graduates are able to contribute to sustainability in the 

workplaces and how their sustainability efforts are viewed by the employers. 

The more specific research questions to investigate these topics are as follows: 

 

RQ 1. How do universities support the possibilities of graduates to act for sus-

tainability in the early career? 

RQ 2. What competencies are needed from engineering graduates in the early 

career and for contributing to sustainability? 

RQ 3. What is the role of engineering graduates in their workplaces regarding 

the advancement of sustainability? 

 

The research questions are studied in the five published articles appended to 

this dissertation. The Articles 1-2 focus on the RQ 1 by screening and discussing 

the level of sustainability integration in the Nordic universities. In answering 

the RQ 1, I also utilize findings from the Articles 3-4. The Articles 3-5 address 

the RQs 2 and 3: The Article 3 is particularly focused on the working life rele-

vance of the education and the relative importance of different competencies 

along the early career, while the Articles 4 and 5 explore the sustainability com-

petencies and role of graduates in contributing to sustainability. The Article 4 

takes the perspective of graduates, and the Article 5 approaches the topic from 

the employer viewpoint. Figure 1 illustrates how the five articles can be placed 

in the landscape of the research fields and topics. 

In the Section 2, I define the key concepts used in the dissertation, create a 

picture of the research field of SHE and its connection to engineering education, 

describe shortly the transition phase of graduates to the working life, and define 

the research gaps. Section 3 presents the methodology of the dissertation and  

Section 4 the key findings. Section five summarizes the findings and discusses 

their educational and institutional implications, the limitations of the research, 

and future directions. Finally, the research and its implications are concluded 

in the Section 6. 
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Figure 1. The five articles (1-5) of this dissertation in the landscape of the three key research 
fields, Sustainability in higher education (SHE), Engineering education (including Sustaina-
bility in engineering education, SEE), and Transition to working life. The main topics of the 
appended five articles are indicated with blue background. The theoretical framework of the 
thesis combines the three research fields and specifically comprises of a wider context of 
each field (blue font) and the approach of each field to competencies (green font). 
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2. Research background and gaps 

This section first defines the key concepts and terminology used in the disserta-

tion and then presents the research context: how the field of sustainability in 

higher education has evolved, how it connects to engineering education and 

what challenges relate to the working life transition phase. Finally, the section 

reviews previous research on the key topics of the dissertation and defines the 

research gaps. 

2.1 Key concepts and terminology 

The central concepts and terminology of this dissertation relate to the notions 

of sustainability and sustainable development, transformation, agency, and 

competencies. In the following, I briefly describe how these concepts are dis-

cussed in the literature and define how I understand them in this dissertation. 

The concept of sustainability education is also central in this dissertation and is 

discussed in detail in Subsection 2.2.2.  

2.1.1 Sustainability, transformation, and agency 

The concept of sustainability has been defined as wicked, value-laden, and am-

biguous (Giddings et al., 2002; Brown, 2015; Pryshlakivsky & Searcy, 2013). The 

sustainability related challenges that people face in their daily life vary substan-

tially depending for example on the geological location, economic situation, and 

political environment. These factors, as well as the culture and worldviews of the 

decision makers, affect how sustainability is viewed and the means that are con-

sidered essential in overcoming the challenges. The complexity of the sustainabil-

ity concept thus stems from the need to balance between the different viewpoints 

and varying interests, yet common to all is the same fundamental goal of sustain-

ability: to survive as a humankind on this planet.  

Many definitions have been suggested to find the best way to communicate the 

problems we are facing as a humanity and how to best overcome those (Griggs et 

al., 2013). One of the biggest debates of the definitions relates to the relationship 

and hierarchy between the key dimensions of sustainability (environmental, so-

cio-cultural, and economic). After the Brundtland definition of sustainable devel-

opment (WCED, 1987) - development that meets the needs of the current gener-

ation without jeopardizing the needs of the future generations – the dominating 

view mostly considered the dimensions as equal (Giddings et al., 2002). This 

equality of the dimensions exists also in the most recent global agenda, the UN 
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Agenda 2030. It establishes the United Nations Sustainable Development Goals 

(UN SDGs), which describe 17 specific goals and 152 more detailed targets. The 

SDGs have been considered as an inclusive definition of sustainable development 

in contrast to the previous Millennium development goals that were criticized for 

overemphasizing the problems of the developing countries by the developed 

countries (Fehling et al., 2013). Due to the comprehensiveness of the SDGs and 

their visual design that allows for effective communication, the SDGs have be-

come widely used all over the world by all sectors of the society, including educa-

tion (see e.g., SDG Accord, 2019). However, the framework has been criticized for 

ambiguity with the used concepts and poor measurability and monitoring possi-

bilities (ICSU, 2015; Swain, 2017). Scholars have also urged considering the in-

terconnections, synergies, and trade-offs between the different targets when us-

ing the framework (ICSU, 2015; Taka et al., 2021). 

Viewing the sustainability dimensions as equal also neglects the fact that the 

limited natural resources and the functioning of the natural ecosystems do not 

allow for an indefinite growth (Haberl et al. 2020; Wiedenhofer et al. 2020). 

This boundary thinking, or a nested hierarchy, of the sustainability dimensions 

emphasizes the dependence of the socio-cultural and economic dimensions on 

the functioning of the natural ecosystems and can be dated back to 1972 to the 

Limits to growth report by the Club of Rome (Meadows et al., 1972). It has also 

been suggested to be applied to the SDGs (Sukhdev & Rockström, 2016), prior-

itizing the SDG goals that aim at safeguarding the natural ecosystems. The 

boundary thinking is supported by the recent scientific evidence suggesting that 

human actions have already severely altered the functioning of the nine bio-

physical planetary systems that maintain the current stable conditions of the 

planet (Rockström et al., 2009; Steffen et al., 2015b; Persson et al., 2022; Rich-

ardson et al., 2023). Changes in the functioning of these systems would cause 

substantial challenges for the current human living conditions, which is why the 

aspects of social equity and justice have been connected to the boundary con-

cept. For example, the model of Doughnut economics by Kate Raworth (2017) 

defines a ‘safe and just operating space for humanity’, where social boundaries 

create the floor and the biophysical planetary boundaries the ceiling of the safe 

operating space. The most recent concept to define the interplay between the 

environmental, social, and economic dimensions suggested in this discourse is 

Earth system justice by Rockström et al. (2023). 

Despite the concept of sustainability is somewhat contested, certain conver-

gences can be identified, for example that sustainable development is com-

monly referred to as the process that leads us towards a desired direction (away 

from unsustainability), while sustainability is the desired end state of the pro-

cess (Axelsson et al., 2011). In this dissertation, I understand the terms sustain-

ability and sustainable development having the same fundamental purpose: to 

describe ways to prevent, mitigate and overcome the current socio-cultural and 

economic challenges that stem from our detrimental ways to interact with and 

exploit the natural environment. I mainly use the term sustainability and in us-

ing it, lean on the boundary thinking. To be more specific, I lean on the most 

recent concept of Earth system justice that apart from respecting the intrinsic 
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value and rights of all human individuals, has a strong emphasis on posthuman-

istic philosophy (Wolfe, 2009) through respecting the intrinsic value of all non-

human actors. Nevertheless, in the individual articles of this dissertation, the 

terms sustainability and sustainable development are used in a practice-ori-

ented manner: the decisive factor behind the logic in using the terms stems from 

the respective context and literature utilized. For example, the Articles 1-2 are 

closely related to the UN Rio+20 process (see Subsection 2.2.1) and refer to the 

Decade for Education for Sustainable Development (DESD), therefore, the term 

used is sustainable development (SD). In addition, the questionnaire survey 

that served the Articles 3-4 was originally in Finnish and used the Finnish term 

for sustainable development (kestävä kehitys), as in the Finnish public dis-

course, it seems more firmly grounded compared to sustainability (kestävyys). 

Finally, in the Article 5, the theoretical background on the employability and 

sustainability agendas in engineering education were the decisive factor to use 

the term sustainability.  

Overcoming the complex sustainability challenges requires a change that this 

dissertation refers to as societal sustainability transformation. A closely related 

concept of sustainability transition is also commonly used particularly in con-

nection to engineering, as engineering practice plays a key role in the socio-tech-

nological system transitions (Markard et al., 2012). However, according to the 

observations made by Hölscher et al. (2018) in their comparative study of these 

two concepts, the change I refer to in my research is closer to transformation: 

based on their review of literature, transition is more often used to describe a 

change from one (non-sustainable) equilibrium to another (more sustainable), 

particularly in socio-technological systems, while transformation embraces the 

fundamental changes in human-environment interactions. Moreover, Hölscher 

et al. (2018) note that transformation is the concept used in the discourse of 

resilience and ‘a safe and just operating space’, which I have utilized in my stud-

ies to justify the need for sustainability education. In the sustainability educa-

tion discourse, transition and transformation are used relatively interchangea-

bly and extensive reviews are lacking on how these two concepts are applied in 

education and whether this has any implications on the epistemological under-

standing of the graduates; how they comprehend the required change and their 

role in it. 

Graduate agency for sustainability relates closely to how the graduates per-

ceive their role in the society and possibilities to have an impact, and to their 

self-efficacy (Brown & Bimrose, 2014). A closely related concept, professional 

agency, is thoroughly discussed and conceptualized by Eteläpelto et al., (2013), 

underlining i.e., the impact of the socio-cultural environment, power structures, 

and temporal features on the individual agency. Drawing from their conceptu-

alization and how agency is discussed in the discourse of sustainability compe-

tencies (Wiek et al., 2011; Brundiers et al., 2021), I define graduate agency for 

sustainability as an ability to act upon own sustainability-related intentions in 

the workplaces, including the abilities to identify own role, motives, desires, and 

competencies, and to observe, reflect, set goals, and to act accordingly to drive 

change.  



14 

This dissertation additionally discusses collaborative agency, or co-agency, 

which is considered as highly important for example in the OECD Learning 

Compass for 2030 (OECD, 2019). Following the OECD (2019) definition, col-

laborative agency is understood here as the influence of peers, teachers, and 

other surrounding factors to the graduate sense of agency instead of only relying 

on the autonomy and innovative capacity of the graduates.  

2.1.2 Competencies 

Many variations exist in the terminology used in research concerning the skills 

related to the future, working life, or sustainability. These include competence, 

competency, ability, capability, capacity, attribute, and skill (Brundiers et al., 

2021; Byrne et al., 2013; Sterling et al., 2017). Often this terminology is used 

interchangeably (Sterling et al., 2017) and Shephard, Rieckmann, and Barth 

(2019) argue that the terminology is confusing in the literature and inconsistent 

even inside individual papers. Therefore, I describe here the main viewpoints 

concerning the key terminology on competencies and define how the terminol-

ogy is used in this dissertation. 

The differentiation between the terms competence and competency is partic-

ularly ambiguous (Jaakkola et al., 2022). According to Mäkinen and Annala 

(2010) and Schaffar (2021), two interpretations exist of being competent: the 

other approach relates to how discipline specific knowledge and skills are per-

formed and can be qualified (sociologist view), while the other is more compre-

hensive including the development of the personality and dispositions of a per-

son (psychologist view) (see Jaakkola et al., 2022 for a review of the meanings 

of the two concepts). This is in line with what Lozano et al. (2012) argue: the 

instrumental and marketilizing approach of competence and outcomes-based 

education (referring to the narrower interpretation of being competent) fails to 

consider the need for societal transformation, and the need for developing 

agency.  

Moreover, some scholars use different terms for different types of competen-

cies. For example, in de Haan’s (2006) comprehensive ‘shaping competency’, 

which consists of multiple specific competencies, a personal attribute related 

competency ‘empathy, compassion and solidarity’ is called a capacity instead of 

a competency. In general, personal attributes related competencies have diver-

gent definitions in the sustainability education literature (Byrne et al., 2013; 

Jaakkola et al., 2022), which increases the complicatedness when aiming at re-

viewing the literature or discussing the personal attributes related competen-

cies. 

The terminology on competencies varies also in connection to the context, 

partly based on the disciplinary backgrounds of the specific studies. Literature 

exists of hard and soft skills, professional, generic and transferable competen-

cies, all referring to what knowing, doing and being the graduates should be able 

to apply and express in order to get employed (Baytiyeh & Naja, 2012; Winberg 

et al., 2018), thrive in a profession (Pulakos et al., 2000; Sonnentag et al., 2008; 

von Stumm et al., 2011) or to promote sustainability (Wiek et al., 2011; Passow 

and Passow, 2017; Quelhas et al., 2019; Ortiz-Marcos et al., 2020; Brundiers et 
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al., 2021). Further, in educational psychology, the different components of per-

sonality and intelligence are divided into cognitive, conative, and affective do-

mains (Snow et al., 1996), from which affective and conative are particularly 

relevant when discussing agency, as they include motivation, desires, self-con-

trol, self-knowledge, and positionality (conative) and the often unconsciously 

influencing values, attitudes, and emotions (affective) (Ruohotie & Koiranen, 

2000). 

In this dissertation, I understand competencies according to the above-de-

scribed comprehensive interpretation, viewing the support for the development 

of personality as an important purpose of higher education. This relates closely 

to acknowledging self-awareness as a key sustainability competency (Jaakkola 

et al., 2022) and as a fundamental underpinning of graduate agency for sustain-

ability, which is particularly discussed in Article 5. In the appended five articles, 

the usage of the terminology has been mainly driven by the disciplinary focus of 

the publication platforms and the audience to whom the publications are tar-

geted to. In doing so, the aim has also been to understand the development and 

performance of competencies and the different terminologies from many disci-

plinary perspectives. However, the usage of the terms competency and compe-

tence varies in the Articles 1, 2, 4, and 5, illustrating the learning curve of the 

author during the research process: the Articles 1, 2, and 4 mainly reproduce the 

usage of the concept in the referenced scientific literature: competence domi-

nates and is also applied in a plural form competences unlike in the more recent 

Article 51. The Article 4 applies both competence and competency, partly be-

cause of the referenced literature but also because the authors had insufficient 

comprehension of the two concepts by the time the paper was written. There-

fore, the Article 4 also works as a showcase of what Shephard et al. (2019) meant 

by the inconsistent use of terminology. Finally, the Article 5 applies the term 

competency consistently, resulting from the wider comprehension achieved by 

the author along the research process - particularly while collaborating with 

Noora Jaakkola and other colleagues around the research article Jaakkola et al. 

(2022). 

To conclude, the five articles of this dissertation mainly apply the terms com-

petency and competence to refer to a wide combination of skills, knowledge, and 

mindsets, and skill when referring to more specific, often cognitive, and meta-

cognitive abilities. Substance knowledge in this dissertation refers to the core 

technical expertise and the most relevant contextual knowledge provided by en-

gineering education and personal ability is used to describe the personality- and 

self-awareness related, affective and conative capabilities that have a particular 

relevance in graduate agency.  

 
1The plural form of competence is contradictory. According to some dictionaries, such as the American 

English Merriam-Webster, competence has no plural, while competency has (competencies). This was 

also the feedback received from the linguistic review of the manuscript of Jaakkola et al. (2022), which 

influenced the way the term was applied in the Article 5, and in this dissertation. However, the Oxford dic-

tionary recognizes a plural form for competence (competences), as well as the Cambridge English Cor-

pus, which draws from how the language is used in practice. Competences is also commonly used in in-

ternational English, for example in the European Union. 
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2.2 Research context and key study fields 

This section includes five subsections that create a comprehensive picture of the 

background and previous research underlying the focus of this dissertation. The 

first two subsections build the basis by describing the role of higher education  

in the global and European sustainability agenda and how the term sustainabil-

ity education has been evolving and conceptualized. The three latter subsections 

comprise the relevant research background for understanding the context of the 

research questions: the Subsection 2.2.3 defines sustainability in higher educa-

tion as a research field and describes the central aspects that need to be consid-

ered when integrating sustainability in education, the Subsection 2.2.4 presents 

how engineering education has responded to the global sustainability agenda 

and finally, the Subsection 2.2.5 creates a picture of the transition phase of grad-

uates from higher education to fulltime working life.  

2.2.1 Higher education and the global sustainability agenda  

Education has been acknowledged having a central role in environmental pro-

tection already since the first United Nations (UN) Environmental Programme 

(UNEP) conference in Stockholm in 1972 (UNEP, 1972). Thereafter, all the UN 

World summits on sustainable development (WSSD), starting from the Rio de 

Janeiro summit in 1992, have highlighted education as one of the key measures 

to advance sustainability. In the Johannesburg Rio+10 summit in 2002, educa-

tion was the main theme and paved the way for launching the UN Decade for 

Education for Sustainable Development (DESD) 2005-2014 (UNESCO, 2006). 

After the Rio+20 summit in 2012, the process of promoting education for sus-

tainable development (ESD) continued through the Global Action Programme 

(GAP) launch in 2014 (UNESCO, 2014), which highlights collaborative actions, 

institutional approach to sustainability education, and increasing the capacity 

of educators to empower the youth. Quality education is also one of the goals 

(Goal 4) of the Agenda 2030, with the SDG target 4.7. particularly highlighting 

ESD: “all learners acquire the knowledge and skills needed to promote sustain-

able development” (United Nations, 2015).  

Apart from the global agenda, sustainability is strongly emphasized in the Eu-

ropean education policy, including higher education (HE). For example, the Eu-

ropean strategy concerning HE highlights the role of universities in pursuing a 

whole institution approach in integrating sustainability and in promoting the 

competencies needed for the green transition (European Council, 2022). The 

most recent contribution to promote such competencies as a policy objective in 

all European education is the GreenComp framework (Bianchi et al., 2022), 

which has a special emphasis on collective action for environmental sustaina-

bility. In addition, the key actor driving quality in education, the European As-

sociation for Quality Assurance in Higher Education (ENQA) has recently pub-

lished the ENQA Strategic Plan for 2021-2025, in which social responsibility is 

one of ENQA’s four key values. Under the values, it is stated that ENQA “pro-

motes social responsibility in quality assurance and its contribution to UN 

SDGs” (ENQA, 2020, 2). The Nordic countries are also renowned for their 
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sustainability endeavors (Nordic Council of Ministers, 2019) and for example in 

Sweden, the higher education act requires integrating sustainability in the edu-

cation.  

During the past two decades, sustainability has emerged as one of the key 

agendas of higher education actors themselves. The strengthening emphasis to-

wards sustainability in the higher education institutions (HEIs) is indicated by 

the numerous signed commitments (Calder & Clugston, 2004; Lozano et al., 

2013; SDG Accord, 2019) and by the increasing amount of scientific literature 

discussing sustainability integration in higher education (Lozano et al., 2015). 

Particularly the UN Rio+20 summit intensified the joint actions of the HEIs 

worldwide, as a higher education sustainability initiative was established (HESI, 

2012). The HESI declared the signatories to commit to integrating sustainability 

in the campus operations, research, teaching, and outreach and currently 

among the over 650 signatories, 17 Nordic HEIs are represented (in July 2023; 

at the time of the questionnaire survey of this dissertation, in 2014, the number 

was 12). In Finland, the rectors of universities and universities of applied sci-

ences even announced their joint programmes for sustainability education in 

autumn 2020 (UNIFI, 2020; ARENE, 2020). 

This dissertation has utilized the conceptualizations stemming from this 

global HE agenda. Two of the appended studies (Articles 1 & 2) have a strong 

connection to the UN led global process through a Nordic development project 

‘Rio+20 in the Nordic HEIs’. The project and how it influenced the research de-

sign are described in more detail in the Section 3.  

2.2.2 The varying conceptualizations of sustainability education 

While the previous subsection described the role of higher education in contrib-

uting to the global sustainability agenda, this subsection describes how the con-

cept of sustainability education has been evolving during the two past decades. 

A continuum can be recognized in the development considering the global en-

vironmental and sustainability challenges in education. This continuum can be 

seen to have its beginning in the environmental education movement, which 

started after the UNESCO Intergovernmental Conference on Environmental 

Education in Tbilisi in 1977 and gradually widened to include a more compre-

hensive sustainability emphasis after the Brundtland report (WCED, 1987). Re-

cently, Acosta Castellanos and Queiruga-Dios (2022) suggested that the UN 

DESD also shifted the emphasis of research from environmental education to-

wards embracing education for sustainable development (ESD). Currently, sev-

eral terms are used to describe education that aims to promote sustainability, 

including ESD, sustainability or sustainable education (SE), and education for 

sustainability (EfS). In addition, many closely related concepts are sometimes 

discussed under the umbrella of sustainability education, such as the aforemen-

tioned environmental education, global education, climate education, and mul-

ticultural education. In the context of universities, sustainability in higher edu-

cation (SHE), and higher education for sustainable development (HESD) are 

commonly used terms, also used as synonyms. SHE, however, is particularly 

common in the U.S., where the nation-wide network for HE is called the 
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Association for the Advancement of Sustainability in Higher Education 

(AASHE), while in Europe, ESD appears to be more commonly used. 

The different ‘sustainability educations’ described above are not only a matter 

of terminology, but they also reflect how the purpose of education is compre-

hended. Stephen Sterling discusses this thoroughly in proposing a concept of 

sustainable education (Sterling, 2001), in which he argues that a plain trans-

mission of information reflects instrumental values and a vocational function of 

education. In the case of sustainability, Sterling defines this as an add-on edu-

cation about sustainability, which becomes manifested in adding certain im-

portant aspects, such as biodiversity or equity, into education as separate enti-

ties. A more integrative approach that Sterling argues also being instrumental, 

is the built-in education for sustainability, which includes a presumption of a 

certain desired direction of education, a better society, towards which the edu-

cation strives for. This socialization function of education, according to Sterling, 

only succeeds to promote efficiency and effectiveness, as it aims at accommo-

dating the educational system to a changed environment (doing things better) 

instead of trying to see things from a new consciousness (doing better things). 

The conclusion Sterling makes is a combination of liberal and transformative 

functions (or roles) of education in the form of sustainable education, or educa-

tion as sustainability. This role of education considers both, the instrumental 

(what education is for) and intrinsic values (what education is) of education and 

requires a new participatory epistemology acknowledging that the ownership of 

education is democratic rather than directed by corporations or governments 

(Sterling, 2001). This has implications on teaching, as encouraging learners to 

take ownership on their learning requires meaningful and engaging education 

in contrast to passive and transmissive orientation. Views similar to Sterling’s 

on the need for a paradigm change, institutional approach, and meaningful 

teaching of sustainability can be identified in research concerning the integra-

tion of sustainability in HE (e.g., McMillin & Dyball, 2009; Weiss et al., 2021b; 

Holdsworth & Sandri, 2021) and in engineering education (e.g., Kolmos et al., 

2016; Mulder, 2017), which are discussed in more detail in the Subsections 2.2.3 

and 2.2.4. 

 In this dissertation, while leaning on the thinking of Stephen Sterling, I use 

the term sustainability education instead of sustainable education, as it is more 

common in the Finnish discourse (kestävyyskasvatus), and it lacks the conno-

tation of sustainable as lasting or durable. Sustainability education is thus de-

fined here as education that has an intrinsic value, shared ownership, and a pur-

pose of supporting personal growth, but that does include an instrumental strive 

towards safeguarding the planetary and socio-cultural boundaries (Rockström 

et al., 2023). However, the approach adopted in the appended articles of this 

dissertation can be considered mostly practical, seconding the views of Steven-

son (2006), who argues that the problem is with the implementation of the aims 

of all the above-described ‘educations’ rather than with the definitions. In the 

context of engineering education, it must be noted that the educator community 

promoting sustainability started to use a concept of Engineering Education for 

Sustainable Development (EESD) in 2002, after which the term has been 
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established in the subsequent research (see Subsection 2.2.4). However, to be 

consistent with the terminology in this dissertation, I rather call this branch of 

research Sustainability in Engineering Education SEE (see also Figure 1). 

2.2.3 Sustainability in higher education as a research field 

As a field of research, sustainability in higher education (SHE) is defined by a 

relatively high number of descriptive and case studies (Barth & Rieckmann, 

2016; Weiss & Barth, 2019). Relatively few articles aim at forming a wider view 

of the field or finding global patterns in sustainability integration (Barth & 

Rieckmann, 2016; Weiss & Barth, 2019; Weiss et al., 2021b), creating concep-

tual or theoretical frameworks (e.g., Wiek et al., 2011; Holdsworth & Sandri, 

2021), or addressing the challenges that the terminological and conceptual va-

riety existing in the research field might cause (Sterling et al., 2017; Shephard 

et al., 2019). In addition, the emerging nature of the research field might lead to 

scholars selecting different publication strategies (Barth & Rieckmann, 2016). 

These strategies, according to Barth and Rieckmann (2016), can be divided in 

two, from which the first one would be publishing in dedicated special issues 

that emphasize SHE approach or in new journals, thus committing to a new 

community. Another option is to link sustainability perspectives to an estab-

lished disciplinary tradition, such as engineering education, and publish in tra-

ditional, disciplinary journals. The latter strategy mainly serves the disciplinary 

audience by respecting disciplinary perspectives, while it could also take a role 

of an ‘icebreaker’ within the discipline through driving a stronger SHE emphasis 

(Barth & Rieckmann, 2016). This dissertation, through drawing from and con-

tributing to both the field of SHE and engineering education, aims to build 

bridges between these two fields of research to provide a view that exceeds the 

disciplinary traditions. 

In addition, as “sustainability integration” is discussed in many levels in the 

field of SHE and in this dissertation, the next paragraphs describe how the in-

tegration is addressed in the research concerning these levels, namely institu-

tional integration, curriculum development, and teaching sustainability in prac-

tice. However, the concept linking all these levels, the whole university ap-

proach is first defined. 

Whole institution approaches (WIAs) is a notion used for all approaches in 

sustainability education that aim at a holistic commitment to sustainability in 

all organizational practices. The term WIA is used in many forms (Holst, 2023) 

and it includes for example the concepts whole university approach (McMillin 

& Dyball, 2009), and whole school approach, which is common particularly in 

in environmental education and ESD in schools (see e.g., Hargreaves, 2008; 

Mogren et al., 2019) and also adopted to the European education policy2. Very 

recently, Jorrit Holst (2023) characterized the WIAs as having coherence, con-

tinuous learning, participation, responsibility, and long-term commitment to 

sustainability and defined the approaches to particularly emphasize informal 

 
2 https://education.ec.europa.eu/sites/default/files/2022-02/input-paper-whole-school-approach-sustaina-

bility.pdf.  

https://education.ec.europa.eu/sites/default/files/2022-02/input-paper-whole-school-approach-sustainability.pdf
https://education.ec.europa.eu/sites/default/files/2022-02/input-paper-whole-school-approach-sustainability.pdf
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learning processes (“shadow”, “hidden”, or “living” curriculum). In practice, the 

WIAs imply that the organizations manifest their commitment to sustainability 

in all operations and engage the students in their organizational sustainability 

endeavors through the education. 

The whole university approach follows the characteristics of the other WIAs. 

However, it has a narrower focus specifically on tertiary education and is there-

fore used as the key concept of this thesis. The concept can be seen to follow and 

implement the principles of the Talloires declaration, a ten-point action plan to 

promote institutional sustainability integration in higher education (ULSF, 

1990). Therefore, the concept emphasizes what a deep and holistic commitment 

to sustainability means in the context of all university operations: campus op-

erations, research, teaching, and outreach (Cortese, 2003). Similarly to the 

other WIAs, the overarching idea of the whole university approach is that in ad-

dition to the formal curriculum, the educational environment has a substantial 

effect on the sustainability-related mindsets of students and thus, learning (Orr, 

1992; Rohwedder, 2004). Followingly, the teaching practices employed ideally 

engage students in the sustainable campus operations in order to help them per-

ceive sustainability as a tangible instead of an abstract concept and to give them 

practical experiences of how sustainability can be managed and applied in the 

daily actions (McMillin & Dyball, 2009; Kohl et al., 2022). Moreover, through 

utilizing the campus as a living lab for experimenting and learning, the institu-

tion explicitly connects academia to campus operations, which are often seen as 

irrelevant for curriculum or research (McMillin & Dyball, 2009). Such holistic 

commitment and collaboration between the different university operations pro-

motes knowledge sharing and benefits the sustainability endeavors of the whole 

institution, including leadership and policies (Kohl et al., 2022).  

Serving the community as a key mission of universities is additionally empha-

sized in the whole university approach (Kohl et al., 2022). Cortese (2003) par-

ticularly advocated for a clear connection between theory and practice in inte-

grating sustainability in universities and strongly emphasized the meaning of 

both internal and external joint learning for sustainability, consistent with Orr’s 

learning organization (Orr, 2002). Cortese (2003) further argued that the joint 

internal efforts of a university (decision-makers, operative personnel, faculty, 

and students) and active stakeholder collaboration (alumni, nearby communi-

ties, funders, employers, accreditation organizations) around sustainability 

would better prepare the students for careers and citizenship. This view can 

clearly be seen also in the higher education declaration discussed in the Subsec-

tion 2.2.2 (HESI, 2012).  

Curriculum development is tightly connected to the institutional support 

structures and commitment to sustainability. For example, Kolmos et al. (2016), 

applied Sterling’s three approaches (add-on, built-in, and redesign) in propos-

ing add-on, integrative and transformative curriculum change strategies in en-

gineering, with increasing institutional levels of coordination, commitment to 

drive change, and to shared values and identity, respectively. In addition, Weiss 

et al. (2021b) recently conducted a comprehensive review of curriculum change 

that considers the integration of sustainability holistically and has many 
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similarities with the whole university approach and the thinking of Cortese 

(2003). The concluding model of Weiss et al. (2021b) consists of five intercon-

nected aspects: 1) the impetus of change, including motivation and initiative for 

a change; 2) type of integration from disciplinary to inter- and transdisciplinary 

perspectives; 3) stages and dynamics considering collaborative efforts within 

the programme and the institution, but also with stakeholders; 4) depth of inte-

gration consisting of the add-on, built-in and transformative approaches (refer-

ring to Sterling), and 5) institutional drivers and barriers, which often relate to 

support from the leadership, and support provided for teachers (teacher train-

ing) and students in the change process. 

The practical applications of how to integrate sustainability in teaching can be 

seen to form a continuum from the 2000s to present. The scholars first started 

to pay particular attention to how the varying aspects of sustainability - the dif-

ferent dimensions and basic sustainability literacy, practical tools, and the mat-

ter of values and attitudes – could be embedded in the learning outcomes of 

courses and programmes (e.g., Sipos et al., 2008), and which competencies 

would be needed from the graduates to promote more sustainable ways of acting 

and being in this world (de Haan, 2006; Barth et al., 2007; Rieckmann, 2012). 

Sipos et al. (2008), for example, proposed a head, hands, and heart approach in 

the learning outcomes, emphasizing the interplay and need for engaging 

knowledge, practical skills, and values education in the learning outcomes. One 

of the first sustainability competencies -related proposals was the shaping com-

petency by de Haan in 2006, which was followed by many others in the field of 

SHE (Barth et al., 2007) as well as in disciplinary contexts, such as engineering 

(Svanström et al., 2008; Segalàs et al., 2009). 

The key competency framework by Wiek et al. (2011) finally became the main 

point of reference for subsequent research on sustainability competencies, as it 

provided a conceptualization instead of providing just another ‘laundry list’ of 

important competencies. The conceptual framework consists of five key compe-

tencies: systems thinking, strategic thinking, anticipatory thinking, normative 

thinking, and the interpersonal competencies. This work paved the way for ap-

plying the concept of key competencies for sustainability: UNESCO (2017) has 

suggested eight key competencies for learning for the SDGs, while the OECD 

published a new competency framework (Learning Compass for 2030) with a 

strong emphasis on sustainability and transformation (OECD, 2019) and the 

European Union has its own GreenComp framework of four competency clus-

ters (Bianchi et al., 2022), as mentioned already in the Subsection 2.2.1. These 

three frameworks also have a strong emphasis on the affective domain of learn-

ing as a self-awareness competency (UNESCO, 2017) and on both individual 

and collaborative agency (OECD, 2019; Bianchi et al., 2022). However, unlike 

the Wiek et al. (2011) framework, which is a scientific contribution and designed 

specifically for educating sustainability experts, the other mentioned frame-

works represent applications of scientific literature and are meant to be utilized 

as common guidelines for all educators to develop sustainability competencies 

of the learners. 
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This dissertation mainly focuses on scientific contributions concerning higher 

education when discussing the key competencies to have a coherent reference 

point for objective explorations around a value-laden topic. For example, the 

European GreenComp framework (Bianchi et al., 2022), although having many 

merits in its research-based methodology, aims, and content, partly predefines, 

which values and behaviors should be achieved through the education. This is 

contradictory to what has been described as the aims of values- and sustainabil-

ity education: through operationalizing learning outcomes that promote critical 

thinking, understanding of different values and perspectives, and reflection 

(Wiek et al., 2016), the students ought to be guided to develop their own dispo-

sitions (Shephard & Egan, 2018).  

The key sustainability frameworks have been applied and further developed 

by many scholars. Recently, intrapersonal/self-awareness and implementation 

competencies were suggested to be added to the Wiek et al. (2011) framework 

(Brundiers et al., 2021; Redman & Wiek, 2021). It has been further suggested 

that if the self-awareness competency would be included as a part of the frame-

work, if would shift the framework more towards emphasizing the personal 

sphere of the learners (Jaakkola et al., 2022), implying that the framework 

would then manifest education with a deeper purpose than only the production 

of skilled workforce with necessary competencies (outcomes-based, instrumen-

tal education). The original framework has a more cognitive-oriented focus, 

concentrating on what and how to teach to ensure that the graduates can tackle 

complex sustainability problems in varying circumstances and environments. It 

has also been criticized for neglecting the development of wisdom and the ability 

to judge in emphasizing heavily the mechanistic problem-solving (Anderson, 

2013). 

The Wiek et al. (2011) framework has additionally been operationalized to 

learning outcomes (Wiek et al., 2016) and several studies have been published 

on how the different key sustainability competencies can be applied in pedagog-

ical and didactic strategies (Lozano et al., 2017; Tejedor et al., 2019a). Lozano 

and colleagues (2017), for example, conclude that problem-based and situated 

learning, visioning, concept mapping, and active and reflective teaching meth-

ods promote the development of multiple key sustainability competencies. 

These approaches are supported also by other scholars (Tejedor et al., 2019a; 

Holdsworth & Sandri, 2021). Recent research has paid particular attention to 

contextualizing sustainability in teaching, which Sterling mentioned being es-

sential for sustainable education already two decades ago (Sterling, 2001). San-

dri (2020) emphasized that establishing a connection between the discipline 

and sustainability through providing a ‘point of entry’ for the students in disci-

plinary contexts would promote graduate abilities to apply sustainability in their 

future professions. In addition to the pedagogical approaches, the competency 

framework of Wiek et al. (2011) has been investigated in the context of  assess-

ment (Redman et al., 2021) and the UNESCO (2017) framework in varying dis-

ciplinary settings, including engineering (Rosén et al, 2019; Beagon et al., 

2022). A few studies also address how to measure graduate performance of the 

key competencies (Holdsworth et al., 2019b; Thomas et al., 2020). 
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Finally, crucial aspects in sustainability education are the values-related mo-

tivational factors, desires, and positionality, addressed by the normative com-

petency of Wiek et al. (2011), and the more recent self-awareness/intrapersonal 

competency (UNESCO, 2017; Brundiers et al., 2021; Jaakkola et al., 2022). In 

values-education, Shephard and Egan (2018) underline the importance of 

providing possibilities for the students to create their own dispositions by care-

fully considering how different values and perspectives are discussed in the 

classroom. Other scholars have suggested reflective practices, even mindfulness 

(Wamsler, 2019), and art-based practices (see Jaakkola et al., 2022) to promote 

the identification of own dispositions and way of being in the world. Sterling 

(2011) connects the transformation required in educational system and institu-

tions (doing better things) also to personal transformations (seeing things dif-

ferently), which touches upon the personal paradigms and worldviews through 

critical self-reflection, a common approach of transformative education (Mezi-

row, 1994). Also other scholars have identified the need for transformative or 

even a transgressive approach (Lotz-Sisitka et al., 2015) in education as neces-

sary in striving towards a societal transformation (Macintyre et al., 2018). How-

ever, such a fundamental change may cause anxiety or other emotional reac-

tions (Jaakkola et al., 2022) and can be challenging for all associated actors 

(Sterling, 2011).  

Considering all the levels of integrating sustainability in education and the dif-

ferent perspectives on the pedagogical practices discussed above, it is clear that 

sustainability education requires special attention from the educational institu-

tions. Moreover, successful and effective integration requires awareness and 

motivation from the educators to promote such graduate abilities that enable 

them to catalyze a societal transformation. 

2.2.4 Sustainability in engineering education  

Engineering education community has discussed the challenge to integrate sus-

tainability for at least two decades (Perdan et al., 2000; Azapagic et al., 2005; 

Barcelona declaration, 2004; Segálas et al., 2012, Mulder et al., 2012; Mulder, 

2017; Rosén et al., 2019; Gutierrez-Bucheli et al., 2022). However, in searching 

for best ways to educate future engineers, the historical patterns that have 

shaped the current engineering programmes need to be acknowledged and un-

derstood. This subsection thus first creates a general picture of the drivers and 

history of engineering education, then describes how the community of engi-

neering education for sustainable development (EESD) started to forward the 

sustainability agenda, and finally, presents the current situation of sustainabil-

ity integration in engineering education and the drivers through which the inte-

gration work is advanced. 

The role of engineers has first and foremost been practical problem-solving 

and creating technical innovations for the benefit of the society. Thereby, engi-

neering education has traditionally been characterized by the same practice-ori-

entation, emphasizing technical competencies, skills for solving problems, and 

a high level of working life relevance. Jamison et al. (2011) define engineering 

education being driven by mainly three challenges, technoscientific, societal, 
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and sustainability, which produce various response strategies. According to 

Jamison et al. (2011), the dominating strategy is a market-driven transdiscipli-

nary approach, which connects engineering to entrepreneurship, business, and 

competitiveness and results in emphasizing external needs over traditional 

qualities and criteria of scientific work. Another response has been a contextu-

alization of the engineering science, embracing cross-disciplinary collaboration 

and engagement. Case (2017) draws, through a comprehensive historical re-

view, a similar picture of a tension between engineering practice (employers) 

and the scientific approach (academics). The tension has it roots in the historical 

development of engineering education that only gradually started to receive a 

university status in the early 1900’s, after being an apprenticeship and learning-

by-doing type of education for centuries (Case, 2017). As Case (2017) describes 

this search for legitimacy of the education in the eyes of the educational institu-

tions and the employers creates constant struggle in the engineering pro-

grammes. Kolmos and her colleagues (2016) call these different approaches to 

education as employability and sustainability agendas, while strongly advocat-

ing for a transformative change in engineering curricula toward the sustainabil-

ity agenda. Jamison et al. (2014), however, proposed a hybrid approach  for 

engineering education to answer both the market-driven and a more compre-

hensive, contextual approach in engineering education to create interaction be-

tween engineering science and practice.  

In the context of sustainability challenges, it has become clear that also engi-

neers need to participate more actively in defining the central challenges of the 

society and change the paradigm of the education; instead of seeing sustainabil-

ity as something additional in the curricula, the field ought to think how it can 

contribute to a more sustainable future (Mulder et al., 2012; Mulder, 2017). The 

discussion of how the education ought to change emerged on the engineering 

education agenda already in the late 1990s, along with the United Nations sus-

tainable development agenda. In 2002, the first EESD conference was orga-

nized and already in the second conference in 2004, the community published 

a declaration (Barcelona Declaration, 2004) stating that the world needs new 

kind of engineers to respond to the global challenges. The Barcelona Declaration 

(2004) defined a future engineer to be capable of connecting own work to soci-

etal challenges, to be societally aware and active and to have competencies for 

multicultural and inter- and transdisciplinary teamwork in varying societal and 

cultural contexts. Further, it was declared that the education needs to review the 

competencies being taught to integrate the appropriate knowledge, skills, atti-

tudes, and values to the teaching through selecting suitable teaching strategies 

and methods. Having a holistic and highly ambitious view on engineering edu-

cation, the Barcelona declaration also requested for training the trainers and for 

taking an institutional approach to implement a paradigm change towards sus-

tainability as the key mission of the universities, thus reflecting similar empha-

sis on institutional change than Stephen Sterling (2001) and Anthony Cortese 

(2003) in the SHE discourse (see Subsections 2.2.2 and 2.2.3).  

The requests of the Barcelona Declaration (2004) have been intensively stud-

ied by the scholars engaged in sustainability in engineering education (SEE). 
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Recently, particularly studies on institutional integration and policies relating 

to sustainability, as well as on innovative learning strategies and professional 

development of teachers have been increasing (Tejedor et al., 2019b). However, 

many of the studies conducted discuss the needed sustainability competencies 

and teaching strategies for developing them (see Segalàs et al., 2012). For ex-

ample, inter- and transdisciplinary and collaborative competencies are gener-

ally among the most frequently mentioned competencies in the SEE research 

(Quelhas et al 2019; Ortiz-Marcos et al., 2020). Overall, most of the competen-

cies suggested as crucial for future engineers to contribute to sustainability are 

in line with the key sustainability competencies (Wiek et al., 2011), emphasizing 

particularly the problem-solving competency (Rosén et al., 2019). However, 

apart from just widely understanding current phenomena and creating sustain-

able solutions, a view that highlights the importance of engineering actors in the 

society has become more common; engineers ought to be active players and 

have agency in their working communities and in the society (Svanström et al., 

2008; Mulder, 2017; Quelhas et al., 2019; Ortiz-Marcos et al., 2020). Moreover, 

scholars have requested engineers to better understand the long-term impacts 

of their decisions and those of technological development (Mulder, 2017; Ortiz-

Marcos et al., 2020). 

Sustainability could also be driven top-down to engineering education 

through quality assurance and accreditation. However, Janssens et al. (2022) 

argued that sustainability has so far been less emphasized in the accreditation 

criteria. For example, the engineering-specific, European EUR-ACE accredita-

tion standard has a relatively vague list of required learning outcomes, stating 

that the students ought to “understand the multidisciplinary and the non-tech-

nical context or constraints of engineering solutions (societal, health and safety, 

environmental, economic and industrial)”. For the master’s level the EUR-ACE 

emphasizes a more comprehensive understanding of the field and its contexts, 

ability to apply and create new solutions, a deeper level of independence in re-

sponsible decision-making and in engaging in lifelong learning, and a more crit-

ical awareness of the forefront in their branch. Similar observations were made 

by Byrne (2023) who showed that the EUR-ACE has very few mentions of sus-

tainability or sustainable development and for example transdisciplinarity is to-

tally absent in the accreditation criteria. However, he also noted that national 

criteria might be more comprehensive in addressing sustainability, as was the 

case with Ireland and Australia in his study (Byrne, 2023). 

Apart from research and external steering, engineering educators have estab-

lished ways to develop engineering programmes and teaching in practice. The 

most prominent framework is the international CDIO (conceive, design, imple-

ment, operate), which is an open platform, continuously developed by the 

worldwide engineering education community (Taajamaa et al., 2016). The CDIO 

framework is connected to the more formal EUR-ACE label by supporting the 

same activities that are evaluated for the official accreditation. However, the 

CDIO community has a more ambitious goal compared to the accrediting actors 

to embed sustainability explicitly and comprehensively to respond to the rapidly 

changing world (e.g., Malmqvist et al., 2019). Already the Syllabus version 1.0 
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of the CDIO - the goals defined for engineering education - included a compre-

hensive list of societal contexts -related outcomes and emphasized the role of 

engineers in the society. The revised Syllabus 2.0 brought sustainability explic-

itly in the learning outcomes by adding responsibility for the environment in the 

list, as well as “sustainability and the need for sustainable development”. 

The Syllabus 2.0 is actively being developed further to 3.0 (Malmqvist et al., 

2022). For example, the current sustainability content of the Syllabus has been 

suggested to better align with the UNESCO (2017) sustainability key competen-

cies and to include a basic sustainability knowledge base (Rosén et al., 2019). 

Moreover, the CDIO Standards - the 12 principles of effective practice - were 

suggested to be revised to explicitly address sustainability (Malmqvist et al., 

2019), which led to including sustainable development as a novel Optional 

standard of the CDIO (Malmqvist et al., 2020). The Optional standard provides 

a description, rationale, and a self-evaluation rubric for “A program that iden-

tifies the ability to contribute to a sustainable development as a key compe-

tence of its graduates. The program is rich with sustainability learning expe-

riences, developing the knowledge, skills and attitudes required to address sus-

tainability challenges”3. 

In Europe, Société Européenne pour la Formation des Ingénieurs (SEFI) has 

been an important platform and channel to negotiate, develop and direct Euro-

pean engineering curricula (see e.g., Augusti, 2007, Case, 2017). SEFI has re-

cently put more emphasis on sustainability for example by dedicating the an-

nual SEFI conferences to sustainability in 2017 and 2023 and by establishing a 

SEFI working group for sustainability. In the Finnish higher engineering edu-

cation, the integration of sustainability has been on the joint agenda after 2009, 

when the National Collaboration Group for Finnish Engineering Education pub-

lished a proposal for actions needed to realize a mission of an education for the 

benefit of people and the planet (see Takala & Korhonen-Yrjänheikki, 2013). 

According to a follow-up of this action plan, the fourteen HEIs4 providing engi-

neering education in Finland are committed to promote sustainability (Takala 

& Korhonen-Yrjänheikki, 2019). However, Takala and Korhonen-Yrjänheikki 

(2019) concluded that the strong commitments in the strategic level are yet to 

be implemented in the education. In addition, they saw that the prevailing par-

adigm of the Finnish engineering education is technocratic (Takala & Korho-

nen-Yrjänheikki, 2019), echoing Gutierrez-Bucheli et al. (2022) who argued 

that a similar paradigm prevails in engineering education in general. At the 

same time, the Finnish engineering education is very sensitive to the requests 

from the society (Korhola-Yrjänheikki, 2011) and has been argued to lack a thor-

ough discussion on the philosophical grounds of the education (Naukkarinen, 

2015).  

To summarize, it seems that engineering education aims to integrate sustain-

ability thoroughly in the education to ensure that future engineers have the nec-

essary competencies for taking an active role in promoting sustainability in the 

society. Particularly the community of educators is active and committed to 

 
3 In CDIO webpage: www.cdio.org/content/cdio-optional-standards-30 

4 Includes seven universities and seven universities of applied sciences 
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develop the teaching. However, efforts are still needed to integrate sustainabil-

ity in the education in practice and to find consensus on the philosophical 

grounds and ultimate purpose of engineering education (Jamison et al., 2011; 

Naukkarinen, 2015; Case, 2017; Mulder, 2017). 

2.2.5 Transitioning from higher education to the working life 

Recent graduates can be important actors in the sustainability transformation, 

mediators of new beneficial practices in workplaces, and contribute to more ef-

ficient implementation of the SDGs (Wiek et al., 2011; Trevelyan, 2019). How-

ever, the research on the transition phase from education to the working life 

provides evidence on many factors that may restrict the graduates from taking 

the desired initiatives, including a contextual gap between engineering educa-

tion and working life, as well as workplace support. The following paragraphs 

shortly review these approaches and thereby facilitate understanding one of the 

key topics of this dissertation, the role and agency of engineering graduates in 

promoting sustainability in the early career. 

The transition phase from the education to fulltime working life is often noth-

ing but straightforward (Trevelyan, 2019; Korte et al., 2015; Baytiyeh and Naja, 

2012). Despite these challenges are relatively well acknowledged in the field of 

engineering (see e.g., Lutz & Paretti, 2021), the transition phase has received 

surprisingly little attention in research (Korte et al., 2015; Stevens et al., 2014). 

While the early career workplace learning is partly technical and competency 

related (e.g., Paretti et al., 2017), Stevens and colleagues (2014) argue that the 

focus on this so-called competency gap and associated educational adjustments 

neglects the impact of a contextual change that the graduates experience. For 

example, Korte et al. (2015) noticed that a gap exists between the expectations 

of employers and graduates on how the graduates ought to take on their new 

tasks in a new environment. Gaps are reported also relating to the time span 

and comprehensiveness of projects between the education and professional en-

vironments (Trevelyan, 2019), and on navigating and communicating in the so-

cial environments of student peers and the new expert colleagues (Lutz & Pa-

retti, 2021). 

Adjusting to these new cultural and social contexts requires time and efforts 

from the graduates. In the workplaces, available assistance from colleagues has 

been suggested as central for supporting the growth and performance of the 

graduates (Egri & Herman, 2000; Holdsworth et al., 2019a, Sluss & Thompson, 

2012; Brown & Bimrose, 2018). Despite the young generation is generally eager 

to learn, the young professionals have been noticed to expect more mentoring 

and attention from their managers compared to the earlier generations (Magni 

& Manzoni, 2020), as well as recognition from their peers and colleagues to 

strengthen their professional self-efficacy and perception of own expertise 

(Brown & Bimrose, 2018). 

Against these viewpoints and challenges relating to the transition phase, it be-

comes clear how significant role the workplaces and co-workers can play in how 

the early career of the graduates unfolds. Similar challenges, such as gaps in 

expectations and expertise, might exist also in relation to the sustainability 
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contributions of the graduates. This implies that the workplaces ought to 

acknowledge the impact they have on the graduate performance and provide 

support not only for adjusting to a new environment, but also for the sustaina-

bility agency of the graduates. 

2.3 The research gaps 

The previous section created an overall picture of the three key research topics 

of this dissertation, namely sustainability in higher education, its connection to 

engineering education, and the transition to the working life. Following, this 

section reviews the central research relating to the three research questions. In 

each of the following subsections, I first present the research question, then re-

view the relevant previous research and the gap in the research, and end by de-

scribing how this dissertation contributes to the existing understanding. 

2.3.1 University education supporting sustainability 

RQ 1. How do universities support the possibilities of graduates to act for sus-

tainability in the early career? 

 

Previous research concerning the sustainability efforts of universities mainly 

discuss the different integration levels separately, the institutional and curricu-

lum change, teaching practices, and the learning outcomes reflected by graduate 

performance. This pattern in the research widely reflects the compartmental-

ized way the universities implement sustainability (Lozano et al., 2015). In the 

following, I justify why it is it is essential to take an overall look from the insti-

tutional level to graduate agency to understand how the universities support 

graduate abilities to act for sustainability. While the research question considers 

graduates in general, this dissertation has a special emphasis on engineering 

graduates. 

Studies discussing the institutional level of integrating sustainability widely 

acknowledge the importance of the whole university approach to having effec-

tive sustainability education. The research mainly concerns the importance of 

institutional commitment in reaching a transformative institutional change 

(Sterling, 2001; Cortese, 2003; McMillin & Dyball, 2009; Kohl et al., 2022). In 

the whole university approach, existing research underlines the importance of 

committing to promote sustainability through all university operations, includ-

ing campus, research, education, and outreach activities (McMillin & Dyball, 

2009). Similar approach has been strongly advocated for being the key to suc-

cessful curriculum change (Sterling & Thomas, 2006; Barth, 2013; Kolmos et 

al., 2016; Weiss et al., 2021a; 2021b), as it requires support and resources for 

designing the curriculum and courses, a high level of coordination and internal 

communication, and established connections to external actors, including 

alumni, employers, and other societal stakeholders of higher education (Ster-

ling, 2001; Sterling & Thomas, 2006; Weiss et al., 2021a).  

Institutional commitment is essential also in promoting sustainability inte-

gration in courses, as meaningful sustainability learning outcomes that are 
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effective in long-term have been suggested to require careful planning and de-

sign (Dvorak et al., 2010; Mintz & Tal, 2014). Moreover, regular course work 

has been shown to be insufficient in developing competencies that enable the 

implementation of sustainability in practice (Azapagic et al., 2005, Kagawa, 

2007, Yavetz et al., 2009). Weiss et al. (2021a) particularly embraced the mean-

ing of internal networks and professional development as a means to support 

sustainability integration in courses. The UN GAP (UNESCO, 2014) also high-

lighted the role of training the trainers in promoting sustainability education 

and the UN Economic Commission for Europe (UNECE) even proposed specific 

ESD competencies for the educators engaged in teaching sustainability 

(UNECE, 2011). Despite educator competencies have been acknowledged im-

portant also by recent research (Rieckmann, 2019; Vare et al., 2019; Leal Filho 

et al., 2021), many studies have indicated that the competencies, resources, and 

motivation of the teaching staff create a barrier for advancing sustainability 

through the courses (Borg et al., 2012; Thomas, 2016; Fiselier et al., 2018; Weiss 

et al., 2021a). 

Recent studies in the field of engineering suggest that the education has so far 

succeeded to provide only limited competencies for the graduates to act for sus-

tainability (Khoo et al., 2020; Chance et al., 2022). Khoo et al. (2020) showed 

that engineering graduates have limited knowledge of sustainability and the 

findings of Chance et al. (2022) indicate the graduates having difficulties in pro-

moting sustainability in the workplaces. Therefore, apart from studying the in-

stitutional sustainability efforts, the teaching of sustainability or the longer-

term effects of the provided education as separate topics, research that would 

link these levels is required. 

The UNESCO (2016) strongly emphasizes considering also the national, local, 

and regional contexts in implementing sustainability integration. However, alt-

hough the sustainability efforts and teaching of the higher education institu-

tions (HEIs) have been studied in the global level, knowledge is lacking from 

regional levels (Weiss et al., 2021a). Yarime et al. (2010) noticed that research 

is particularly active in the Northern America, Europe, and Oceania, with Ger-

many and Sweden emerging as the most active in Europe. Sweden differentiates 

from the other Nordic counties also by having had a higher education act since 

2006 requiring that the universities promote sustainable development in their 

activities. The evaluation of the sustainability integration in all the Swedish 

HEIs was conducted around ten years later (Finnveden et al., 2020) indicating 

that the integration still lacks ambition particularly in sustainability-related tar-

get-setting and monitoring, and professional development of the teachers. 

Moreover, Swedish government agencies must have an environmental manage-

ment system (EMS), which, according to Sammalisto (2007) has resulted in 

many universities having a certified EMS as well. Therefore, many of the Swe-

dish studies discuss the effects of an EMS, leadership and strategy, and collab-

oration on sustainability integration (Sammalisto, 2007; Sammalisto & Bror-

son, 2008; Holmberg et al., 2012). Swedish scholars have also contributed to 

promoting sustainability in engineering education through studying the sus-

tainability-promoting learning outcomes and competencies (Svanström et al., 
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2008) and have led Nordic collaborative research efforts in developing the 

CDIO framework to include sustainability aspects (e.g., Malmqvist et al., 2019; 

Rosén et al., 2019). The Danish scholars in their part have been active in devel-

oping the engineering curricula (Kolmos et al., 2016) and the Finnish scholars 

have contributed to the field for example through studies on sustainability and 

quality assurance (Holm et al., 2014; 2015), and on sustainability integration 

and competencies (Takala & Korhonen-Yrjänheikki, 2013; Friman et al., 2018; 

Jaakkola et al., 2022). Despite the research contributions of the scholars from 

different Nordic countries, the development of the sustainability efforts of the 

Nordic HEIs as a region has remained unexplored. 

To summarize, current research on the sustainability integration in the HEIs 

draws a picture of the benefits of applying the whole university approach to pro-

mote sustainability education and graduate abilities to implement sustainability 

in practice. The educators turn the institutional sustainability efforts to the ac-

tual learning outcomes of students, if provided with adequate support to design 

their courses and programmes. Despite this, many universities have been no-

ticed to emphasize campus operations over the education in their integration 

efforts (Wals, 2014; Ramos et al., 2015), and the curriculum change strategies 

have mainly followed the add-on and built-in rather than transformative strat-

egies (Weiss et al., 2021b). Therefore, to understand how to best improve grad-

uate abilities to promote sustainability, it is essential to connect an overall view 

on the sustainability efforts of the HEIs to the long-term effect of the provided 

education.  

This dissertation provides new knowledge on the institutional level sustaina-

bility contributions of the Nordic universities5, thus providing one lacking re-

gional approach to the current research. In addition, this dissertation creates an 

overall picture of how the institutional efforts are reflected in practical course-

work and further, in the sense of agency of engineering graduates in the early 

career. The findings provide a regional reference point for all the Nordic univer-

sities for mapping and developing their institutional support structures, partic-

ularly those that directly affect the teaching of sustainability. The findings facil-

itate focusing the development actions on different levels, institutional, curric-

ulum, and teaching practices to create the best possible support for graduate 

sustainability agency. 

2.3.2 Important competencies in the early career 

RQ 2. What competencies are needed from engineering graduates in the early 

career and for contributing to sustainability?  

 

Research on engineering education is abundant, particularly concerning the 

competencies needed in the working life, that is, the competencies associated 

with the employability approach. In addition, research on the necessary sustain-

ability competencies and the role of engineers in contributing to sustainability 

 
5 The research included universities and universities of the applied sciences, however, as the engineering 

education part of this research only concerns one university, the context discussed hereafter is mainly 

universities instead of all the HEIs (see 3.2). 
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has been increasing during the past two decades, drawing also from the sustain-

ability in higher education (SHE) research. This dissertation explores the rela-

tionship between the employability and sustainability competencies in the con-

temporary engineering education and practice. In the next paragraphs, I review 

what is currently known about the central competencies associated with these 

two approaches and describe how this dissertation aims to combine them. 

Both undergraduate and professional engineers typically emphasize the ne-

cessity of having strong technical skills as the basis for being a good engineer 

(Passow & Passow, 2017; Brunhaver et al., 2018; Winberg et al., 2018). To com-

plement the technical competency, particularly the practitioners acknowledge 

that the variety of engineering jobs and tasks requires also social skills, commu-

nication, and project management skills (Brunhaver et al., 2018). Teamwork, 

financial and business knowledge (Passow & Passow, 2017), as well as entrepre-

neurial abilities and personal abilities, including proactiveness, empathy, and 

ethical responsibility are also often referred to as important complementary 

skills for engineers (Korte et al., 2015; Khoo et al., 2020; Passow & Passow, 

2017; Starrett, 2017). These competencies can be seen to form a typical, work 

life-driven graduate competency profile of engineers. In the field of water engi-

neering, similar engineering expertise has been organized to a two-dimensional 

T-shaped competency profile, where the ‘feet’ of the T represent the technical 

and substance-specific core competencies, and the ‘arms’ the more generic com-

petencies and understanding of the context (Uhlenbrook et al., 2012). Engineer-

ing education has widely acknowledged the need to develop both, the core tech-

nical skills, and the broader professional competencies through the careful and 

coordinated efforts put in designing the curricula (Winberg et al., 2018). How-

ever, connecting this approach further to sustainability is less common, despite 

a hybrid approach was suggested already a decade ago by Jamison et al. (2014). 

In general, a wide convergence exists among the scholars of SHE on the im-

portant sustainability competencies (see Subsection 2.2.3). Of the key sustaina-

bility competencies, integrative problem-solving is of particular importance for 

engineers (Rosén et al., 2019). In addition, many other key sustainability com-

petencies have been emphasized as important, including certain self-aware-

ness-related competencies, such as self-knowledge (Quelhas et al., 2019), ethics 

(Thürer et al., 2018), and a proactive attitude (Beagon et al., 2022). The need 

for an interdisciplinary and holistic approach is also evident (Guerra, 2017; 

Quelhas et al., 2019). On the contrary, future-orientation has been reported to 

be lacking from students (Lambrechts et al., 2013) and perceived less important 

among engineering practitioners (Quelhas et al. 2019; Beagon et al., 2022), de-

spite the ability to anticipate and vision the future was emphasized as important 

already in 2004 in the Barcelona declaration (Svanström et al., 2008). Apart 

from the specific competencies, many scholars have requested engineers to have 

agency for sustainability in the society (Svanström, 2008; Mulder, 2017; Quel-

has et al., 2019; Ortiz-Marcos et al., 2020). Further, even a paradigm, trans-

formative change has been requested from engineering education, echoing the 

views of Sterling (2001), to embrace sustainability as a part of engineering ex-

pertise instead of adding it as a complementary topic on top of the traditional 
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core engineering profile (Mulder, 2017; Gutierrez-Bucheli et al., 2022). How-

ever, also contrasting views exist, including that sustainability threatens the 

technical expertise of engineering graduates (Takala & Korhonen-Yrjänheikki, 

2013), or that it is less relevant for the professional practice (Khoo et al., 2020). 

In the context of the Finnish water and environmental engineering, which is 

the focus of this dissertation, graduate engineers are valued for the very similar 

competency profile described above: core technical expertise combined with 

abilities for holistic and interdisciplinary understanding (Heinonen & Takala, 

2011; Salminen et al., 2015; Piri, 2022). Lundgren (2012) additionally noted that 

when working in an environmentally oriented field, future professionals need to 

have abilities for cross-disciplinary and -sectorial collaboration and under-

standing (Lundgren, 2012).  The relevance of sustainability for working in an 

engineering field in Finland is apparent also in the light of the annual graduate 

surveys conducted by TEK (trade union for academic engineers and architects 

in Finland) (Piri, 2022).  

To summarize, research is abundant in what competencies are valued and 

needed in general from the perspective of the employability approach. Similarly, 

a wide convergence exists among scholars of engineering education on the im-

portant sustainability competencies. However, studies that focus on the devel-

opment of engineering education in practice hardly provide a combined view of 

the employability and sustainability approaches. There is additionally a short-

age of research on what sustainability competencies the employers see im-

portant (Thürer et al., 2018). Moreover, the findings of Brunhaver et al. (2018) 

indicate that the relative importance of the different competencies changes 

along the early career, but research concerning these changes is scarce. There-

fore, to understand what the graduate engineers currently need for  employment 

and successful task performance (employability), and for being able to act for 

sustainability in the early career (sustainability), research that takes a combined 

approach and considers the employer views is needed. 

This dissertation provides empirical evidence on how the relative importance 

of the different competencies changes from the employment to the early career 

stages and further combines this with explorations on which employability and 

sustainability competencies are important in the early career. The findings pro-

vide means to complement the current comprehension on the relevant graduate 

competency profile of engineers and specifically, the T-shaped profile of water 

engineers. Ultimately, the findings facilitate developing engineering education 

to consider such competencies that contribute to the working life needs, and to 

the need to accelerate societal sustainability transformation. 

2.3.3 Graduates in the working life 

RQ 3. What is the role of engineering graduates in their workplaces regarding 

the advancement of sustainability? 

 

Current research in the field of sustainability in higher education (SHE) dis-

cusses widely, how the key sustainability competencies (Wiek et al., 2011) can 

be considered in the education (see Subsection 2.2.3). Studies during the past 
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decade include the operationalizing of the key competencies to related learning 

outcomes (Wiek et al., 2016), the most suitable teaching methods for supporting 

the development of the competencies (Lozano et al., 2017; Tejedor et al., 2019a), 

and how can the competencies be considered in assessing the learning outcomes 

(Redman et al., 2021). Despite the active research on integrating the sustaina-

bility key competencies in the education, research on graduate performance of 

the acquired competencies is only emerging. 

The few existing studies on graduate performance focus on how to measure 

the applying of the competencies and pro-environmental behavior in the work-

ing life (Sandri et al., 2018; Holdsworth et al., 2019b; Thomas et al., 2020). 

These studies provide preliminary indications that the graduates feel lacking 

confidence, power, or possibilities to perform leadership for sustainability in 

their workplaces, even if being motivated to promote sustainability (Holdsworth 

et al., 2019a; Thomas et al., 2020). However, Holdsworth et al. (2019a) noticed 

that the perceptions of the graduates of their own sustainability competencies 

had relatively little impact on their observed performance. Instead, resources, 

workplace support and assistance, as well as the power associated with the po-

sition of the graduates have been identified affecting graduate sustainability 

contributions (Fernández-Manzanal et al., 2015; Holdsworth et al., 2019a) and 

in engineering (Chance et al., 2022). However, although these indications exist 

of the challenges faced by graduates in promoting sustainability, the research is 

strongly focused on the graduate views and on how to measure their perfor-

mance. Therefore, more research would be needed to understand how the work-

places see the performance and role of graduates and their possibilities to con-

tribute to sustainability. 

Despite the lack of workplace perspectives to graduate sustainability contri-

butions, some evidence exist on the perceptions of employers in engineering. 

The few existing studies indicate that the employers hold high expectations to-

wards young engineers regarding their knowledge of sustainability (Hanning et 

al., 2012; Takala & Korhonen-Yrjänheikki, 2013). However, also contrasting 

views have recently emerged, indicating that the employers have yet to 

acknowledge sustainability as a relevant workplace competency (Khoo et al., 

2020), and that workplaces may even be unsupportive of graduate sustainability 

actions (Chance et al., 2022). The general shortage of research on the graduate 

role in promoting sustainability in the early career workplaces together with 

these contradictory findings suggest that more research is needed to gain a 

clearer picture of how the graduate sustainability contributions are perceived 

and received in the working life, and what possibilities exist for the graduates to 

act for sustainability. Moreover, in the field of engineering, there is in general 

scarcity of research concerning the transition to the working life (Korte et al., 

2015; Stevens et al., 2014). 

This dissertation focuses on these research gaps through looking at the per-

formance expected from the graduates, the possibilities of graduates to influ-

ence on sustainability, and to the factors affecting the influencing possibilities 

in the workplaces. The research includes the perceptions of both graduates and 

their employers, with the emphasis being more on the employer views. The 
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findings provide empirical evidence from the field of water and environmental 

engineering on how the sustainability competencies can be applied when tran-

sitioning to the working life. Further, the findings create a picture of the current 

role of engineering graduates in the early career workplaces in relation to sus-

tainability and thus, facilitate developing both the educational and workplace 

practices that might contribute to how the graduates are able to accelerate the 

societal sustainability transformation. 
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3. Methodology 

In this section, I first clarify the main premises and approach of this dissertation 

to the research topic. Then I describe the research process including the devel-

opment projects, data collection and analysis methods applied, and how the 

trustworthiness of the research was ensured. 

3.1 The premises and approach of the research 

The main premises that directed the process and design of this dissertation were 

the relatively early stage of the research fields that the dissertation represents 

(Borrego & Bernhard, 2011; Barth & Rieckmann, 2016; Segalàs et al., 2018), and 

the practice-orientedness of the individual studies, as the research was con-

ducted during two development projects. Moreover, although this dissertation 

can be considered as inter- or even transdisciplinary, it is rooted in educational 

sciences, as the key purpose is to develop university education. I first explain 

the main premises and philosophical underpinnings of the research and then 

describe the research approach. 

This dissertation represents a multidisciplinary research field of sustainability 

in higher education (SHE) with a focus on its branch of sustainability in engi-

neering education (SEE). As described in the Section 2, the field has been rap-

idly evolving during the two past decades, yet it may still be considered being in 

the early stages. In practice, this means that the notions and terminology used 

vary, and the studies published in the field are mostly case studies and draw 

from the respective case study disciplines and contexts. In this dissertation, the 

individual Articles 1-5 similarly draw from many disciplines, although establish-

ing a firm connection to the key SHE and SEE literature. In the theoretical 

frameworks of the Articles 1-5, I combine literature representing engineering 

education research, curriculum research, educational psychology, university 

pedagogy, organization research, and career studies (Table 1). These discipli-

nary connections become illustrated in how I have defined the key concepts and 

terminology and discussed the results in the articles. The practice-orientedness 

of this dissertation created the initial motivation for the research and had an 

impact on the design of the appended articles. For example, the focus areas of 

the Nordic Sustainable Campus Network (NSCN) network, campus operations 

and education, were chosen as the key focus areas for the questionnaire de-

signed for the Articles 1-2, thus excluding research and outreach activities. 
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As mentioned, the central purpose of this research is educational develop-

ment, which is why the philosophical foundations were explored in this context. 

The following paragraphs describe these explorations and conclude the main 

philosophical approaches of this work.  

In educational research, paraphrasing Atkins and Wallace (2012), the key 

driving force of the enquiry is teaching as a profession – to support learners in 

learning – whether through improving the system or the professional practice. 

Followingly, educational research is ultimately praxis-oriented and strongly hu-

man-centered, implying that the emphasis of research is more on interpretative 

than on positivist or deterministic paradigm (Cohen et al., 2011; Atkins & Wal-

lace, 2012). Cohen and colleagues (2011) explain that an interpretative para-

digm acknowledges that human behavior is not deterministic, but it includes 

individual interpretations, meaning-making, dynamic changes of situations (ra-

ther than static), and creativity in those situations, which results in reality being 

complex and multilayered. As this dissertation aims at understanding the com-

plexity of what is happening in the transfer phase of the graduates, it could be 

considered as interpretative. 

However, Heikkinen and colleagues (2005) describe that the reality of educa-

tional research rarely corresponds with only one philosophical approach but 

may simultaneously reflect one ontological approach with another type of epis-

temological philosophy. This is the case also with this dissertation: the research 

leans towards the interpretationist paradigm and constructivist-subjectivist 

epistemology, since the research participants are considered to strongly contrib-

ute to the social environment in which they operate (Cohen et al., 2011). At the 

same time, the dissertation presumes a certain reality in organizations and in 

graduate performance, which can be observed through semi-positivist means 

and developed to improve both education and graduate possibilities to act for 

sustainability. Therefore, following the landscape of educational sciences by 

Heikkinen and colleagues (2005), this dissertation is best placed to represent 

post-positivism - realism type of ontology and social constructivist -leaning 

epistemology. 

While this dissertation builds mainly on the foundations described above, it 

also includes many elements of action research. According to Altrichter et al. 

(2002), action research is conducted with people instead of on people, and a 

typical action research cycle can be seen to consist of planning, acting, observ-

ing, and reflecting phases. From these standpoints the second research phase of 

this dissertation, which concerned the development of a specific master’s pro-

gramme (see Figure 2 and Subsection 3.2), corresponds to action research very 

well: the project aimed at monitoring and evaluating the impact and relevance 

of a curriculum renewal intervention that had been realized earlier. The evalu-

ation was a collaborative effort, and the results were planned to be used to fur-

ther improve the master’s programme in question. Moreover, action research 

has been observed to improve the outcomes of a sustainability-related curricu-

lum change process due to the increased sense of ownership of the participating 

actors (Benn & Dunphy, 2009), which further increases the suitability of action 

research as the foundation for this research.  However, in addition to the specific 
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master’s programme, this dissertation operated in a wider Nordic level in the 

first research phase (Figure 2). This first phase mainly focused on exploring the 

current stage of sustainability integration through a survey and it included a 

substantially lower level of collaboration and learning with the research partic-

ipants compared to the second phase. Therefore, as participation and reflective, 

continuous, and joint learning are central elements of action research (Al-

trichter et al., 2002), it was not seen to be suitable as the foundation for the 

whole dissertation.   

Apart from the philosophical underpinnings, the research approach of this 

dissertation is influenced by the novelty of the research topic. An exploratory 

approach with a strong emphasis on qualitative methods is typical of research 

topics that are only emerging and have been previously underexplored (Babbie, 

2007). The aim of such research is to provide knowledge and initial interpreta-

tions, to gain deeper understanding and potential generalizations, and to advise 

future research (Stebbins, 2001). The exploratory emphasis of this dissertation 

is thus justified, as both the fields SHE and SEE and the topic of the dissertation 

represent emerging research areas. However, this dissertation also has elements 

of descriptive research, which can comprise of quantitative and qualitative ap-

proaches and of inductive and deductive reasoning (Casula et al., 2021). As 

Casula and colleagues (2021) write, descriptive research aims at utilizing exist-

ing literature in classifying the data or in creating initial categorizations from 

the data for example through employing quantitative surveys with open-ended, 

deepening questions. While the overall exploratory approach of this dissertation 

implies that the findings may not be primarily generalizable but directive, the 

descriptive approach connects the findings to the current understanding of the 

phenomenon, thus creating better possibilities for the findings to be useful also 

in other contexts. 

Finally, it must be noted that this work has certain connections to critical ed-

ucation theory, which acknowledges ideological goals like democracy and power 

structures for the subsequent research (Cohen et al., 2011). As stated above, the 

purpose and motivation of this dissertation are strongly practice-oriented, and 

the dissertation discusses practical means to change or transform higher educa-

tion and the institutions to better ensure a sustainable and just society. This 

could be interpreted as an ideological goal of research. However, as the aim of a 

sustainable and just society is based on scientific knowledge on the status of the 

biophysical planetary systems and our possibilities to thrive in this planetary 

situation (see 2.1.1.), I understand the goal being scientifically valid rather than 

ideological. Despite not being directly applicable with this research, critical the-

ory can be consulted when elaborating on the possible means to influence on 

sustainability in higher education, as they may include ideological and political 

measures and touch upon the power structures that drive the curricula. 

These premises explain and justify the chosen research methods of this dis-

sertation described in the following subsection. The methods mainly aim at 

depth instead of breadth – in understanding better the studied phenomenon in 

its specific context rather than providing explanations or causalities of a reality 
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that is considered as highly dynamic, complex, and created by the people oper-

ating in it. 

 

Table 1. Summary of the theoretical frameworks and theories, data sources, and data collection 
and analysis methods utilized in the five articles of this dissertation. 

 

3.2 The development projects and research methods 

The research process of this dissertation consisted of two subsequent phases 

that were related to two separate development projects (Figure 2). One of the 

main driving factors in determining the data collection methods used in the pro-

jects was the need to fulfil the twofold aim of this dissertation: to form a wide 

understanding of how the whole university approach to sustainability is realized 

in the Nordic HEIs and to provide insights for programme-level development 

on means that would support a catalyst role of the graduates. Therefore, the re-

search process and data collection methods were designed to create a broad view 

that draws from a deeper understanding of a specific educational setting. This 

section briefly describes the two development projects, the respective research 

methods and ethical considerations related to the data collection and finally, the 

means to ensure the trustworthiness of the results. 

The two first articles of this dissertation aimed at screening the current level 

of sustainability integration in the Nordic higher education institutions (HEIs) 

and at investigating, whether the HEIs implement a whole university approach 

to embedding sustainability in their operations (Articles 1 & 2). Data for this 
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research was collected during a wide Nordic project “Implementation of the 

Rio+20 in the Nordic Higher Education Institutions” (2014-2015), which was 

run by the Nordic Sustainable Campus Network (NSCN) and coordinated by the 

author. All the questionnaire results collected in the project were compiled into 

a comprehensive survey report (Karvinen et al., 2015). This dissertation only 

utilized the results concerning the integration of sustainability in campus oper-

ations and teaching (Article 1), and the whole university approach to sustaina-

bility in teaching (Article 2). In addition, to investigate how the approach of the 

Nordic HEIs to sustainability integration reflects to the learning outcomes of 

the graduates, findings from the research phase 2 (Articles 3-4) were utilized. 

As the Articles 3-4 concern only one university in Finland, the findings of this 

dissertation are discussed in the context of universities instead of all higher ed-

ucation institutions (which also include universities of the applied sciences). 

The main method applied in the Articles 1-2 was survey research, which aimed 

at exploring the status of sustainability integration in the Nordic HEIs and to 

identify areas that potentially need to be developed. A questionnaire survey, 

which is commonly used in survey research (Cohen et al., 2011), was the main 

data collection method, while focus group workshops were utilized to comple-

ment the questionnaire and to improve the external validity of the research (To-

bin & Begley, 2004; Cohen et al., 2011) (a detailed description of using the focus 

groups as a research method is provided below Figure 2). The data analysis 

methods were mainly qualitative, including descriptive statistics and inductive 

content analysis to categorize the open-ended answers of the questionnaire. 

In the second research phase, this dissertation studied how university educa-

tion ought to be developed to ensure that the graduates are able to contribute to 

sustainability in the early career. A case study approach in the field of engineer-

ing was applied to reach a deep understanding of the topic and to come up with 

potential solutions; in explorative case studies, the purpose of the research is 

often to focus on learning about the phenomenon in a specific context in detail, 

while allowing for reflections on a bigger picture (Atkins & Wallace, 2012). 

Mixed methods, including questionnaire surveys, semi-structured interviews, 

and focus group workshops, and data source triangulation were applied to reach 

a comprehensive picture of the problem and to improve the quality of the re-

search (Tobin & Begley, 2004; Lambert & Loiselle, 2008; Atkins & Wallace, 

2012). According to Atkins and Wallace (2012), triangulation improves the reli-

ability of the research results, as it allows for more comprehensive approach to 

the research problem and reduces possible biases coming from using only one 

approach or tool to obtain the results. However, as noted by Tobin and Wallace 

(2004) and Lambert and Loiselle (2008), using mixed methods approach re-

quires careful considerations of the equivalency and the epistemological para-

digms of the used methods (see further elaborations below the Figure 2). The 

data was analyzed using descriptive statistics, conventional content analysis 

(Cohen et al., 2011) (Articles 3-5), and basic statistical methods including con-

tingency tables and generalized linear models (Article 4). 

The project, during which the data was collected in this second phase (WAT 

Development Project 2016-2020), related to the early stages of the renewed 
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Water and Environmental Engineering Master’s Programme (WAT) of Aalto 

University and its graduates. Part of the project results have been published in 

a Master’s Thesis (Vehmaa, 2018) and in a comprehensive Stakeholder survey 

report (Renko et al., 2020), while a part has been more extensively explored in 

the articles appended to this dissertation (Articles 3-5). The renewed WAT Pro-

gramme started in 2016 with previous separate majors being combined to form 

one major with four study tracks: water supply and sanitation, water resources 

management, water and development, and environmental engineering6. Fol-

lowingly, the students have only 15 ECTS of common studies, after which they 

are free to choose advanced courses from all the study tracks. Apart from these 

major structural changes, sustainability was added as a cross-cutting theme for 

the whole programme. Therefore, this case study concerned engineering educa-

tion in an environmentally oriented field and in a programme that emphasizes 

sustainability. This had implications on the conclusions drawn from the results 

and on the applicability of the outcomes to other fields. These are discussed in 

the respective Articles 3-5 and in the Limitations of this dissertation (Subsection 

5.4). However, it needs to be noted that the WAT alumni who participated this 

research had graduated before the major renewal of the programme. 

The author of this dissertation was the coordinator of the WAT Development 

Project. In addition, the author has been a teacher or a responsible teacher in 

many courses of the WAT Programme, as well as coordinated the programme 

since 2016, and worked as a substitute university teacher in the programme dur-

ing 2019-2021. The personal connections to the programme have brought 

deeper understanding of how to best develop the programme, but it also might 

have affected the objectivity of the interpretations in the Articles 3-5. 

In both development projects, the data collection followed the 'Ethical princi-

ples of research in the humanities and social and behavioural sciences and pro-

posals for ethical review’ published by the Finnish National Advisory Board on 

Research Ethics (TENK) in 2009 (the 2nd edition was published in 2019 after 

the data collection phase). No formal ethical review was necessary, as no sensi-

tive data was collected. However, to respect the autonomy, avoid any harm, and 

to ensure the privacy of the research participants, relevant information was pro-

vided on the aims and implications of the study and the interviewees were asked 

for their consent to participate, to record the interview, and to use anonymized 

answers for research purposes. In addition, the participants were informed for 

their possibility to withdraw from the study at any time. Not all participants 

agreed to the recording; these interviews were noted as carefully as possible. 

The anonymity of the interviewees was secured by pseudonymizing the tran-

scriptions and notes taken: all the identifying information, such as the name or 

organization of the interviewee, were replaced with a code (e.g., ‘I2, public sec-

tor’, for a second interviewee working in an organization in the public sector).  

 
6 Environmental engineering was excluded from the programme after spring 2019, that is, after the re-

search surveys of this dissertation were implemented. The WAT Programme currently has only the other 

three study tracks. 
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Figure 2. A simplified illustration of the research process and the main disciplines represented 
(SEE = Sustainability in engineering education). Both phases started with a wider approach 
(Articles 1 & 3) and were then narrowed down to the more detailed explorations in the Articles 
2, and 4-5. The phase 2 results were used to discuss how to develop the institutional support 
of universities to sustainability integration, particularly in the areas that the phase 1 revealed 
to be the most underdeveloped.  

Qualitative research methods are often resource intensive and sometimes con-

tested for the tentativeness and subjectivity of the results and the lack of meth-

odological rigor (Tobin & Begley, 2004; Thomas & Magilvy, 2011). Therefore, 

the trustworthiness in designing the research and in data gathering and analysis 

phases needs to be carefully considered. In the following, I describe how the 

trustworthiness was considered, consisting of the credibility and applicability of 

the used methods. Particular attention is paid to the use and credibility of focus 

groups as a part of the mixed methods approach, and to the qualitative data 

analysis processes. 

In mixed methods research, the equivalency and methodological underpin-

nings of the different data collection methods need explicit consideration not to 

risk the trustworthiness of the research (Lambert & Loiselle, 2008). In  this dis-

sertation, the focus groups were used as a secondary source of data, while the 

questionnaires and interviews comprised the primary data for the conclusions. 

The trustworthiness of the conventional content analysis of the interviews and 

open-ended questionnaire responses was ensured by a stepwise process (see 

e.g., Elo & Kyngäs, 2008) in Articles 1-4, and by investigator triangulation in 

Article 5 (Cohen et al., 2011). In both cases, the data was first transcribed word-

to-word and pseudonymized. In the stepwise process, one of the involved re-

searchers then conducted an open coding to the manifest content (Graneheim 

& Lundman, 2004) of the transcribed text and formed initial list of thematic 
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categories. To ensure the credibility of the categorization, the list of codes and 

categories were reflected against the original data and iterated several times to 

reach a saturation point, where the codes and categories comprehensively rep-

resented the data (Graneheim & Lundman, 2004). In the next phase, the cate-

gories were further merged to form wider entities and to reach a sufficient level 

of abstraction (Elo & Kyngäs, 2008). The investigator triangulation followed the 

same principles of open coding and categorizing of the data; however, in this 

case the codes were first created separately by two researchers for a smaller 

sample of the transcribed data. The coding was then reviewed together and 

agreed on, after which the codes were applied to the whole data and categorized 

following the stepwise process described above. The results of the content anal-

ysis were reported as frequency tables and figures (Articles 1-5). In the Article 

5, representative quotations of the categories were also provided (Article 5). 

Credibility of qualitative research corresponds to external validity of quanti-

tative research and indicates, how well the conclusions made of the results rep-

resent the existing views of the population in general (Cohen et al., 2011). All the 

five articles of this dissertation were produced in development projects, where 

it was possible to utilize wide groups of stakeholders as focus groups to review 

the credibility of the initial conclusions made of the primary data. The stake-

holders consisted of the Nordic higher education community (Articles 1-2), and 

the various actors in the water and environmental engineering field in Finland 

(Article 5). However, using the focus groups to improve the credibility of the 

other data sets may include an assumption of one truth of the reality that needs 

to be confirmed (Tobin & Begley, 2004), which is against the philosophical un-

derpinnings of this dissertation (see Subsection 3.1). To align with the presented 

epistemological paradigm and to recognize the possibility of multiple realities, 

the primary purpose of the focus groups in this research was complementary 

rather than confirmatory (Tobin & Begley, 2004; Lambert & Loiselle, 2008). 

Focus groups differ from interviews in that they provide a means to draw from 

the interaction and shared views of the participants, contributing to the richness 

of the data (Kitzinger, 1994). Focus groups literally focus the attention of the 

participants to the specific research topic through a collective activity (Kitzinger, 

1994). The collective activities used in the workshops of this dissertation con-

sisted of introductory and case example presentations around the respective 

topic, including the preliminary interpretations made of the questionnaire and 

interview data (Articles 1 & 5). After the collective activities, the workshop par-

ticipants were guided to discuss and provide their shared views on the workshop 

topic and also on the preliminary interpretations. The gathered notes of the re-

searchers and views written down by the participants were combined to a single 

text document and categorized deductively utilizing the categories formed when 

analyzing the questionnaire and interview data. Results were reported mainly 

as written descriptions, and as tables (Article 1) and figures (Article 5). 

The transferability of the research - how the results can be generalized to other 

contexts - has been mainly ensured through discussing the obtained results 

against previous research conducted in other countries and against theoretical 

frameworks. In the Articles 1-2, the key results were well in line with the global 
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observations on the same topic (Wals, 2014; Ramos et al., 2015), whereas in the 

Articles 3-5, the findings were mostly consistent with previous results on engi-

neering graduate competencies (Passow & Passow, 2017; Winberg et al., 2018; 

Quelhas et al., 2019; Ortiz-Marcos et al., 2020; Beagon et al., 2022; Khoo et al., 

2020) and previous surveys made on Finnish engineering graduates (Piri, 2022) 

and on the field of water and environmental engineering (Heinonen & Takala, 

2011; Salminen et al., 2015; Takala, 2017). 
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4. Findings 

In this section, I present the main findings of this dissertation following the or-

der of the three research questions (RQs). First, the institutional level support 

existing in universities for providing the graduates best possibilities to develop 

and apply their emerging sustainability expertise is presented in the Subsection 

3.1. Second, the competencies graduates need for the early career and for pro-

moting sustainability are described in the Subsection 3.2. Finally, the results 

concerning the role and possibilities of graduates to influence on sustainability 

in their early career are summarized in the Subsection 3.3. In each subsection, 

I first present the research question and the central findings, and then describe 

the details of the central findings with references to the respective Articles 1-5. 

4.1 Institutional efforts require development  

RQ 1. How do universities support the possibilities of graduates to act for sus-

tainability in the early career? 

 

The key results based on the Articles 1-4 suggest that the institutional support 

structures of the Nordic universities need more attention to better enable and 

encourage graduate agency for sustainability. The investigated universities (Ar-

ticles 1 & 2) emphasize sustainability measures relating to campus operations 

over the promotion of sustainability education. Particularly the institutional 

support for teachers to embed sustainability in their teaching and in curricula 

seem to be insufficient. The lack of support for sustainability in teaching is fur-

ther reflected in the learning outcomes of students and it also seems to have 

long-term effects on how the graduates perceive sustainability being connected 

to their work (Articles 3 & 4; note that these articles only concerned one Finnish 

Master’s Programme in engineering, see 3.2 and Figure 2). 

The results of the Article 1 show that the surveyed universities have concen-

trated their sustainability efforts on improving the campus operations, such as 

energy efficiency and material consumption, whereas measures that would en-

hance the integration of sustainability in education have remained less empha-

sized. The Article 2 results further indicate that sustainability integration in 

teaching was generally modest at the time of the research survey, particularly 

considering embedding sustainability in the intended learning outcomes (ILOs) 

of major subjects, and teacher training (Figure 3). In addition, the development 

in the universities during the UN Decade of Education for Sustainability (DESD 
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2005-2014) shows that while sustainability efforts in teaching seem to generally 

have increased, the institutional support for integration - indicated by teacher 

training and by assessing and monitoring sustainability in teaching - shows 

clearly less increase. At the same time, the competencies and motivation of the 

teaching staff to integrate sustainability in their teaching were seen both as a 

key driver and one of the most severe barriers for implementing sustainability 

education (Article 2).  Other significant drivers and barriers that emerged in the 

results of the Articles 1-2 highlight the role of institutional-level measures for 

sustainability: the most severe barriers included the lack of support from the 

leadership and the lack of resources (time, human resources, funding). The 

most important drivers related to sustainability-supporting strategy and target-

setting.  

According to the results of this dissertation, embedding sustainability in 

teaching seems to be mainly implicit in the studied master’s programme and 

this is reflected in the learning outcomes of students. The teachers of the pro-

gramme had consciously included technical, practical and communication com-

petencies in the course ILOs or teaching methods, while the sustainability re-

lated competencies and leadership received less emphasis (Figure 4; Article 3). 

At the same time, the students of the master’s programme reported to have 

learnt best those competencies that were included in the ILOs (Article 3). More-

over, the results of the Article 4 reveal that the graduates may have differing 

recollections of the sustainability contents of their education despite having 

studied in the same programme approximately during the same period of time. 

This suggests that sustainability had, when the respondents were students, been 

addressed in the programme in such a way that allowed students for ignoring it 

– and that this had long-term effects on how the graduates thought about sus-

tainability and how they have been able to connect it to their work. 

 

 

 

Figure 3. The level of sustainability integration in the education of the Nordic universities: teacher 
training and including sustainability in the intended learning outcomes is insufficient. n = 49. 
The averages were counted from the scale: 1 = Entirely disagree, 2 = Mostly disagree, 3 = 
Do not agree or disagree, 4 = Mostly agree, 5 = Entirely agree. SD = sustainable develop-
ment. (Article 2). 
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4.2 Substance knowledge, personal abilities and key sustainabil-
ity competencies needed 

 

RQ 2. What competencies are needed from engineering graduates in the early 

career and for contributing to sustainability? 

 

This research question addresses two themes: important competencies in the 

early career, and in advancing sustainability. The findings of the Articles 3-5 

show that the graduate competencies that are required for getting employed and 

for the early career jobs align relatively well with what seems to be required to 

promote sustainability in the studied field. The competencies that are particu-

larly important for both purposes include substance knowledge, certain per-

sonal abilities, integrated problem-solving, comprehensive thinking, and inter-

disciplinary collaboration. Interestingly, future-oriented thinking was consid-

ered as important only for promoting sustainability. Some contrasting views ex-

ist between the actors on the relative importance of the important competencies 

along the early career. Details of the results are presented first from the view-

point of the career and then from the viewpoint of promoting sustainability. 

According to the results of Articles 3-5, substance knowledge is important 

from the viewpoints of all the studied actors, namely teachers, graduates, and 

employers. It was particularly highlighted as the core of the education and hav-

ing high importance in the employment and the early career stages (Article 4). 

The graduates considered knowledge of own field and practical competencies 

(time management, prioritization, project management) to have relevance spe-

cifically when applying for the first job and in performing tasks in the lower hi-

erarchical positions (Figure 4). Moreover, over half of the surveyed employers 

saw substance knowledge and latest scientific knowledge as necessary future 

competencies in the field and as competencies that should be provided through 

the education (Figure 4; Article 5). The teachers of the studied master’s pro-

gramme also highlighted the role of substance knowledge (technical and scien-

tific knowledge) in their teaching (Figure 4). 

Personal abilities play a significant role in all stages of the early career. The 

graduates indicated that active initiative and self-coordination are needed in the 

lower hierarchical positions, while social skills (like negotiation), decision-mak-

ing and leadership, and driving change become relevant only in the higher po-

sitions (Figure 4). The employers instead saw that the education ought to em-

phasize particularly social skills and lifelong learning but less for example the 

ability to challenge routines. Interestingly, the employers yet seemed to partic-

ularly appreciate attitude and motivation and challenging of the routines when 

recruiting recent graduates and when evaluating graduate performance (Article 

5). In addition, one of the key personal abilities addressed by the employers was 

the ability to identify own competencies and to be able to communicate about 

own expertise in the working community (Article 5). 

What competencies are then needed specifically for advancing sustainability? 

The results of this dissertation indicate that substance knowledge is, apart from 

being essential for the employment and early career task performance, an 
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essential baseline that allows for sustainability contributions in the varying pro-

jects and tasks. Moreover, according to the surveyed employers, the graduates 

also need to develop key sustainability competencies and knowledge of sustain-

ability during the education (Article 5). Interestingly though, knowledge of sus-

tainability gained the second least scores (after leadership) from the employers 

in recruiting graduates (Article 5). Despite only the employers were explicitly 

asked about the competencies needed to promote sustainability, the findings 

concerning the views of all the surveyed actors show that sustainability-related 

competencies, i.e., those that the scientific literature has identified as central to 

promote sustainability, are generally seen as relevant in the early career and as 

competencies required in the future. The competencies particularly emphasized 

by all the actors surveyed in the Articles 3-5, whether in relation to promoting 

sustainability or the early career in general, are integrated problem-solving, in-

terdisciplinary collaboration competency, and comprehensive or systems think-

ing.  

The surveyed actors, however, had varying views on some of these competen-

cies, as well as of the relative importance of the sustainability-related compe-

tencies along the early career. Problem-solving was emphasized by the employ-

ers as the most important skill for promoting sustainability in the field (Article 

5), while the teachers considered it as an important working life skill (Article 3) 

and the graduates as a central competency in expert positions (Article 4). The 

teachers gave less emphasis on the future-orientation compared to the gradu-

ates and the employers saw it being relevant only in promoting sustainability, 

not as a generally important competency in the field. The employers saw sus-

tainability-related competencies very important and the teachers as moderately 

important part of the education (Figure 4). The graduates instead found these 

competencies relevant mainly when working in the higher hierarchical positions 

(Figure 4). Overall, the employers indicated a high emphasis towards the sus-

tainability-related competencies, as they considered them as relevant in the fu-

ture, for the education, and found the graduates having performed them rela-

tively well (Article 5).  
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Figure 4. A summary figure showing the most important competency categories according to the 
graduates (top), teachers (middle), and the employers (bottom). Graduates: comparison of 
competencies needed in different work levels. Teachers: evaluation of how the competencies 
are embedded in courses. Employers: comparison of competencies the graduates have 
brought and what is needed in the future. Adapted from the Articles 4, 3, and 5, respectively. 
Note that different data collection methods are applied in the Articles 3-5 for the diagrams. 
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4.3 Contradictory views on the role of graduates 

RQ 3. What is the role of engineering graduates in their workplaces regarding 

the advancement of sustainability? 

 

The results of this dissertation indicate that while the working life seems to ex-

pect and value a knowledgeable, active, and independent, even transgressive 

role of the graduates in advancing sustainability, the graduates have challenges 

in connecting their work to sustainability and limited possibilities to influence 

on sustainability in their workplaces.  

The role of the graduates in promoting sustainability seems to be ambiguous 

and the perceptions of it somewhat contradictory between the graduates and 

employers. The results on the employer views indicate a strong appreciation to-

wards graduates who challenge old practices and bring new insights and sus-

tainability-oriented values to the workplaces (Article 5). The participant views 

of the stakeholder workshop further indicate the importance of an active orien-

tation from the graduates to get their emerging expertise best utilized in the 

workplaces (Figure 5). However, although the employers indicated being satis-

fied with graduate performance and competencies, the graduates seem to have 

only limited possibilities to act for sustainability in their positions (Articles 4 & 

5). Moreover, the employers seem to expect the graduates to be capable of ap-

plying sustainability in their daily work very independently and see that the in-

fluencing possibilities of the graduates depend on their own knowledge and will-

ingness to promote sustainability (Table 2). However, the Article 4 results reveal 

that these prerequisites may remain unrealized in practice: over one third of the 

graduates were unable to connect their work to sustainability and these gradu-

ates also evaluated their possibilities to influence sustainability weaker com-

pared to the graduates who found their work being connected to sustainability 

(Article 4). Overall, the graduates estimated having only moderately power over 

sustainability-related decisions in the workplaces (Article 4). 

The findings indicate that the workplaces could take a more active role in en-

couraging the sustainability actions of the graduates. The results of the Article 

5 reflect an emphasis towards a traditional engineering graduate profile in re-

cruiting the graduates, while the knowledge of sustainability of the graduates is 

seen less important. Moreover, some employers identified that their organiza-

tions could communicate more explicitly about their sustainability efforts to im-

prove the possibilities of graduates to act for sustainability (Article 5). This view 

was strengthened by the responses of some graduates, who reported that their 

attitude towards sustainability had changed during the early career due to ad-

justing to the efforts of their organizations to mitigate climate change (Article 

4). Moreover, the fact that both graduates (Article 4) and employers (Article 5, 

Table 2) found the hierarchical position of the graduates being the key hindering 

factor to influence on sustainability indicates that the organizations could put 

more effort in actively hearing from the graduates and encouraging their sus-

tainability efforts. The current measures identified in the Article 5 to benefit 

from graduate expertise (Figure 5) show that many opportunities already exist 

in the workplaces to develop this kind of support. 
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Figure 5. The views of the stakeholder workshop participants (n = 135) on what skills and com-
petencies are acquired from the education and needed in the working life, and how the grad-
uates and the workplaces could promote the utilizing of graduate competencies. (Article 5). 

 

 

Table 2. Employer views on factors that enable graduates to influence on sustainability in the early 
career. Categories are based on conventional content analysis. Adapted from Article 5. 
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5. Discussion 

 

This dissertation investigated the competencies needed and possibilities of 

graduates to promote sustainability in the early career and the current institu-

tional measures of universities to support the development of the important 

competencies. The following research questions directed the research: 

 

RQ 1. How do universities support the possibilities of graduates to act for sus-

tainability in the early career? 

RQ 2. What competencies are needed from engineering graduates in the early 

career and for contributing to sustainability? 

RQ 3. What is the role of engineering graduates in their workplaces regarding 

the advancement of sustainability? 

 

In the following, I first summarize the key findings in respect of the three re-

search questions and discuss the findings against previous research. Second, I 

discuss the implications of the findings on engineering education and the insti-

tutional support required. Finally, I discuss the limitations of this research and 

suggest ways forward in the research areas of this dissertation. 

5.1 New scientific findings 

This dissertation aimed at creating an overall picture of the connection between 

the institutional level efforts on sustainability integration in higher education 

and graduate possibilities to act for sustainability, as previous research particu-

larly in the Nordic context has mainly focused on these levels separately. To 

study the RQ 1, the dissertation took a detailed look in the Nordic universities 

and followed an integration path of a specific engineering master’s programme 

from teacher, student, and graduate perspectives. The findings indicate that the 

Nordic universities support graduate sustainability actions insufficiently, which 

manifests particularly through the shortcomings in 1) the whole university ap-

proach to sustainability, 2) competencies of teachers, and 3) in the outcomes of 

education as graduate competencies. I next elaborate on these shortcomings in 

more detail. First, previous research has shown that for higher education to ef-

ficiently promote sustainability, a whole university approach and a high level of 

institutional commitment are necessary (Sterling, 2001; Cortese, 2003; McMil-

lin & Dyball, 2009; Kohl et al., 2022; Kolmos et al., 2016; Weiss et al., 2021b). 
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However, in line with a global trend (Wals, 2014, Ramos et al., 2015), the Nordic 

universities seem to invest clearly more in sustainable campus operations than 

to sustainability education. This reflects inadequate implementation of a whole 

university approach and insufficient institutional commitment to sustainability. 

Second, the Nordic universities have paid only little attention to training the 

teachers in sustainability, which has also been observed in a national level in 

Sweden (Finnveden et al., 2020). At the same time, teacher training has been 

identified as a key measure to advance sustainability integration in education 

(UNECE, 2011; UNESCO, 2014; Sherman & Burns, 2015). Moreover, this dis-

sertation shows that the teachers would benefit from more support: in line with 

earlier studies (Borg et al., 2012; Thomas, 2016; Fiselier et al., 2018; Weiss et 

al., 2021a), the motivation and competencies of the teachers seem to be central 

factors affecting sustainability integration in the Nordic universities. Third, the 

education has resulted in varying learning outcomes on sustainability, as sug-

gested also by Dvorak et al. (2010). The graduates have shortages in their sus-

tainability knowledge and sense of agency, suggesting that the inadequate insti-

tutional commitment and teacher competencies have an impact on how the 

graduates can act for sustainability in the early career. Similar conclusions have 

been presented in earlier studies (Fernández-Manzanal et al., 2015; Chance et 

al., 2022). 

The RQ 2 was investigated through surveying teacher, graduate and employer 

views in the field of water and environmental engineering. The aim was specifi-

cally to explore the important competencies for graduate engineers from the 

viewpoint of promoting employability and sustainability. These are both rele-

vant targets of the contemporary engineering education (Passow & Passow, 

2017; Winberg et al., 2018; Mulder, 2017; Gutierrez-Bucheli et al., 2022), but 

rarely explored together. In addition, the dissertation aimed at clarifying the 

relative importance of the different competencies along the early career, as sug-

gested by Brunhaver et al. (2018). 

The key finding is that similar competencies seem to be important both for the 

early career success and for promoting sustainability, but the relevance of the 

different competencies changes along the early career and the perceptions of the 

surveyed actors have some divergence. The competencies this dissertation 

shows being particularly important for employability and sustainability are sub-

stance knowledge, comprehensive (or systems) thinking, integrative problem-

solving, interdisciplinary collaboration, and personal abilities, particularly ini-

tiative and recognizing own competencies. Substance knowledge is more rele-

vant in the employment and first jobs, while the personal abilities seem to be 

significant for all purposes. Both are significant in promoting sustainability. 

Many of the identified important competencies are already considered as es-

tablished employability competencies for engineers (Passow & Passow, 2017; 

Winberg et al., 2018; Khoo et al., 2020), but they have also been identified as 

central in promoting sustainability in engineering (Quelhas et al., 2019; Ortiz-

Marcos et al., 2020; Beagon et al., 2022). They additionally align with the key 

sustainability competencies (Wiek et al., 2011; Brundiers et al., 2021). Interest-

ingly, the graduates seem to find the sustainability competencies relevant only 
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in higher positions, whereas the employers emphasize sustainability competen-

cies more than the other actors. This is opposite to the recent findings of Beagon 

et al. (2022) who found that the different stakeholders of education held mainly 

converging views on the necessary sustainability competencies. However, in line 

with earlier observations (Lambrechts et al., 2013; Ortiz-Marcos et al., 2020; 

Beagon et al., 2022), the importance of futures thinking seems to be underem-

phasized among all the actors.  

 The role of graduates in contributing to sustainability (RQ 3) was approached 

in this dissertation through surveying graduates and employers in the field of 

water and environmental engineering, with the emphasis on the employer 

views. The dissertation thus complements the picture drawn by a few previous 

studies, which have mainly focused on measuring graduate performance of sus-

tainability competencies (Holdsworth et al., 2019a; Thomas et al., 2020) and on 

graduate perceptions of their influencing possibilities (Chance et al., 2022). 

The key finding is that the role seems to be ambiguous and perceived differ-

ently by the graduates and employers: while the employers emphasize graduate-

related factors as central for them to influence on sustainability, the graduates, 

in line with earlier observations (Chance et al., 2022; Fernández-Manzanal et 

al., 2015; Holdsworth et al., 2019a), highlight workplace-related factors and 

support. The employers are generally very satisfied with graduate contributions 

and sustainability-embracing values and seem to value performance that re-

flects an active and independent role of the graduates. They for example find the 

motivation and willingness of the graduates being one of the key factors behind 

their influencing possibilities and presume the graduates to implement sustain-

ability independently in their work. The employers also expect the graduates 

being knowledgeable of sustainability and appreciate them for challenging old 

practices, as also observed in other studies (Hanning, 2012; Takala & Korhonen-

Yrjänheikki, 2019; Yamane & Kaneko, 2021; Beagon et al., 2022; Henry et al., 

2023). Despite these positive employer perceptions, this dissertation shows that 

the graduates have challenges both in their knowledge of sustainability and 

sense of agency, as they face difficulties in connecting their work to sustainabil-

ity and perceive having insufficient power to have an impact. Further, previous 

studies suggest that workplace-related factors, such as resources, low power, 

and lack of support, restrict graduate contributions despite their own motiva-

tion and willingness (Chance et al., 2022; Fernández-Manzanal et al., 2015; 

Holdsworth et al., 2019a). Therefore, this dissertation opens a discussion on 

how the workplaces support the sustainability efforts of the graduates.  

5.2 Supporting sustainability through engineering education 

The key findings summarized above concerning the graduate role and the im-

portant competencies have implications on the competency profile of graduate 

engineers, on the key competency discourse in the field of sustainability in 

higher education (SHE), and on the practical level of developing engineering 

education. I next elaborate on these implications, describing how the sustaina-

bility contributions of the graduates can be supported in engineering education. 
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The main focus of the elaborations is on the studied Water and Environmental 

Engineering Master’s Programme (WAT) and the findings of Articles 3-5. 

This dissertation provides empirical evidence that is mainly supportive of 

combining the employability and sustainability approaches in engineering edu-

cation. This contribution is in line with the hybrid approach suggested by 

Jamison et al. (2014). The findings on one hand show that the WAT Programme 

has succeeded well in applying the T-shaped competency profile (Uhlenbrook 

et al., 2012) in the courses and in providing the graduates with good employa-

bility competencies (Passow & Passow, 2017; Winberg et al., 2018; Khoo et al., 

2020): the graduates get employed quickly and the employers are very satisfied 

with their competencies, performance, and contributions. On the other hand, 

the clear sustainability emphasis is manifested through the important compe-

tencies, which were found being practically the same for the employability and 

sustainability purposes. The employers additionally perceived sustainability 

positively – they even expected the education to provide graduates who are 

knowledgeable of sustainability and capable of comprehensive thinking. 

Despite both the employability and sustainability approaches are supported 

by the surveyed actors, sustainability remains less emphasized. This interpreta-

tion is based on two key reasons. Firstly, the findings indicate that all the studied 

actors seem to consider sustainability only as a secondary target for the early 

career graduates. While the employers do appreciate the sustainability-embrac-

ing values and a transgressive role of graduates in advancing sustainability, they 

prioritize other competencies over sustainability knowledge and leadership in 

the recruitment. Further, they acknowledge that the lower position restricts 

graduate possibilities to influence on sustainability, yet they expect the gradu-

ates to implement sustainability in their work based on own motivation and 

knowledge.  Therefore, the employers seem to expect that the graduates concen-

trate on field-specific task performance instead of explicitly encouraging them 

to also consider sustainability. The graduate perceptions support this view, as 

according to them, sustainability-related competencies are required mainly in 

the higher hierarchical positions. The teachers in their part, highlight employa-

bility competencies in the intended learning outcomes of their courses, while 

the sustainability-related competencies are integrated implicitly. This implies 

that either of the surveyed actors is actively prioritizing sustainability and thus, 

is primarily supportive of the catalyst role of graduates in accelerating a societal 

sustainability transformation (Wiek et al., 2011; Trevelyan, 2019). 

Secondly, the findings suggest that the sustainability-related competencies 

that all the actors acknowledged as relatively important are lacking the adequate 

context – sustainability. In the context of the key sustainability competencies, 

one needs to remember that the factor that makes them sustainability compe-

tencies is the sustainability-oriented target of the problem-solving process they 

are applied to (Wiek et al., 2011; Brundiers et al., 2021). Therefore, is seems that 

the graduates are currently lacking the appropriate target for their competencies 

to be sustainability competencies. This is particularly evident in the challenges 

the graduates revealed to have in contextualizing their work to sustainability 

and in their sense of sustainability agency. This reflects additionally an 
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underdeveloped implementation competency (Brundiers et al., 2021), which in-

cludes the ability to choose suitable strategies that best promote sustainability 

in different situations and particularly, the ability to implement these plans in 

practice. In addition, a transgressive orientation that emerged in this disserta-

tion as the most valued graduate attribute from the employer viewpoint - and 

has been emphasized also in other studies (Beagon et al., 2022; Henry et al., 

2023) - is one of the bases of the implementation competency. Education is 

therefore encouraged to promote the implementation competency and to help 

the students in establishing a connection between their field and sustainability 

and to set sustainability-connected targets for their problem-solving processes. 

In addition to the two viewpoints discussed above, this dissertation suggests 

more attention to be paid to the personal sphere of the students. Personal abil-

ities were observed significant both for the early career success and for promot-

ing sustainability. Many of the highlighted abilities align with the definitions of 

the self-awareness competency that was recently suggested to be added to the 

key competency framework (Brundiers et al., 2021). Particularly initiative, per-

ception of agency, recognizing own competencies, motivation, and willingness 

that emerged frequently in the explorations of this dissertation resonate with 

the five key definitions identified for self-awareness in Jaakkola et al. (2022): 1. 

awareness of one’s emotions, desires, thoughts, values, assumptions, and be-

haviors, 2. emotional resilience, 3. awareness of one’s positionality, 4. aware-

ness of one’s relation to others and compassion, 5. reflection supporting moti-

vation and willingness to act. The findings thus contribute to the ongoing dis-

course of the competency framework by providing empirical evidence for the 

support of including the self-awareness competency - and also the implementa-

tion competency - in the key sustainability competency framework (Brundiers 

et al., 2021; Redman & Wiek, 2021). The emphasis of the competency frame-

work would thus shift towards emphasizing the personality development related 

targets of education (Jaakkola et al., 2022). Other scholars have also criticized 

the original framework of Wiek et al. (2011) and suggested the education to pur-

sue wisdom and the development of personal values and dispositions (Anders-

son, 2013; Shephard & Egan, 2018). Followingly, the education that applies the 

framework, including engineering education, is urged to consider how the per-

sonal sphere can be supported in practice. 

 To conclude the above-discussed three viewpoints to graduate sustainability 

competencies and agency, the current situation in the studied water and envi-

ronmental engineering field does not fully reflect a paradigm shift in the educa-

tion (Mulder, 2017; Gutierrez-Bucheli et al., 2022), the requested ability to con-

sider the long-term sustainability impacts of own work and decisions (Ortiz-

Marcos et al., 2020), nor the agency of engineers to be active players in their 

working communities (Svanström et al., 2008; Mulder, 2017; Quelhas et al., 

2019; Ortiz-Marcos et al., 2020). Therefore, the competency profiles prevailing 

in the engineering education, specifically the T-shaped profile of water engi-

neers, would need to be complemented with a stronger sustainability emphasis 

to explicitly communicate the apparent need for field-specific sustainability ex-

pertise, and to better align with the hybrid approach requested by Jamison et al. 
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(2014). Therefore, the integration of sustainability in the education is suggested 

to consider the key sustainability competency framework (Wiek et al., 2011; 

Brundiers et al., 2021) and be explicit in connecting the disciplinary contents 

with sustainability. In practice, this would mean a conscious merger of the key 

sustainability competencies with the employability perspective, together with 

respective knowledge of sustainability and explicit emphasis on the personal 

abilities. A novel hybrid competency profile that would emphasize sustainability 

without compromising from the core engineering competencies could also mit-

igate the concerns that exist among some engineering practitioners towards sus-

tainability in engineering education (Takala & Korhonen-Yrjänheikki, 2013; 

Mulder, 2017).   

Good educational practices already exist that can be experimented and ad-

justed in implementing such a merger in the education. For example, in devel-

oping the curricula, the work done by the CDIO community is worth following: 

the approach that has been taken to embed sustainability in the existing engi-

neering competencies resembles the idea of the proposed hybrid competency 

profile and could provide beneficial viewpoints and practices (see e.g., Rosén et 

al., 2019; Malmqvist et al., 2022). Other potentially beneficial examples include 

problem-based learning (PBL) and project courses, which are traditional prac-

tices in engineering education to bring about development in both substance 

specific and broader competencies (Guerra, 2017). However, to educate for the 

suggested hybrid competency profile, a central target would be to establish a 

connection between the discipline and sustainability. The disciplinary content 

could for example be reframed to a sustainability context, as Sandri (2020) and 

Holdsworth and Sandri (2021) suggest. Sandri (2020) proposed that framing 

(or reframing) assignments and disciplinary content could provide a ‘point of 

entry’ for sustainability and could thus be a key to connect disciplinary topics 

with a stronger sustainability emphasis: “reframing through content expands 

learners’ perceptions of professional practice to encompass sustainability” 

(p.65). Moreover, this type of (re)framing might simultaneously challenge the 

disciplinary traditions and thus, contribute to a paradigm change requested 

from engineering education (Mulder, 2017; Gutierrez-Butcheli et al., 2022) and 

the active role requested from the engineers in the society (Svanström et al., 

2008; Mulder, 2017; Kolmos et al., 2016; Gutierrez-Butcheli et al., 2022). 

In addition, untraditional pedagogical practices might be required to address 

the important, yet underemphasized self-awareness and futures thinking com-

petencies. For futures thinking, Trencher et al., (2018) and Beagon et al. (2022) 

proposed experimenting future-oriented methods, such as visioning, scenario-

building, and back-casting. The teaching practices discussed in accordance with 

self-awareness competency include for example art-based and self-inquiry-

based learning (Jaakkola et al. 2022) and contemplative practices like mindful-

ness (Wamsler 2019, Hensley 2020). These practices can be considered as 

transformative, as they facilitate deep reflection of self in relation to the sur-

rounding world and may even challenge the existing personal paradigms. 

Therefore, they also require special attention from the educators, as changes in 

personal paradigms may raise strong emotions (see Jaakkola et al., 2022). At 
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the same time, Lotz-Sisitka et al. (2015) suggested that societal sustainability 

transformation requires not only transformative, but transgressive education 

that challenges students to practice how to drive change. These approaches are 

not totally new to engineering educators (Gutierrez-Bucheli et al., 2022; Rosén 

et al., 2022), nor do they belong to the traditional pedagogical practices. This 

implies further work among the educator community to first acknowledge the 

importance of the transformative approaches for the education and engineering 

practice, and then to develop the education to employ suitable pedagogies. 

Finally, some recent development regarding the increased sustainability em-

phasis of the WAT Master’s Programme needs to be elaborated shortly. The 

WAT Programme went through a major renewal in 2016 and sustainability was 

added as a cross-cutting theme to the programme. At the same time, the pro-

gramme started to apply the T-shaped learning profile to a personal learning 

portfolio (Keskinen, 2016), in which the students are guided to reflect on their 

learnings and career preferences and nudged to contemplate on their personal 

interests, strengths and areas of improvement. This aims to promote their pro-

fessional agency and could potentially be further developed to include reflec-

tions on personal dispositions regarding sustainability, thus including elements 

of the self-awareness competency. Further, in spring 2023, a new project course 

was launched that combines the solving of practical challenges from working 

life partners with workshops on futures and systems thinking. The students ad-

ditionally write weekly learning diaries reflecting on their personal dispositions. 

However, results on the outcomes of these interventions in terms of graduate 

competencies and agency are yet to be investigated.  

5.3 Institutional support to enable the catalyst role of graduates 

In the previous subsection I elaborated on the role and possibilities of engineer-

ing education to support the graduates in their sustainability contributions. 

However, the role of institutional sustainability efforts of the universities and 

the workplaces cannot be underestimated when discussing the overall support 

for the graduates. In the following, I discuss how the findings of this dissertation 

relate to and can help in improving the institutional support for graduate agency 

both in the Nordic universities and in the working life organizations.  

The situation of the integration of sustainability in the Nordic universities 

raises concerns. The findings of this dissertation indicate a lower commitment 

of the universities to sustainability education and to training the teachers com-

pared to efforts put on a sustainable campus. The findings additionally show 

that if the integration of sustainability competencies in the courses is imple-

mented in an implicit way, the learning outcomes relating to sustainability of 

graduates may vary. Previous research is, however, relatively unanimous with a 

view that sustainability education requires well-designed and coordinated ef-

forts put on both teaching (Mintz & Tal, 2014; Dvorak et al., 2010) and curricu-

lum (Sterling, 2001; Kolmos et al., 2016). The review of Weiss and colleagues 

(2021b) on curriculum change further shows that to restructure the curricula 

and teaching to embrace sustainability, the institutions need to support the 
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whole community to act and interact particularly through providing adequate 

professional development and internal networks. Moreover, as discussed in the 

previous subsection, the teaching practices suitable for promoting a hybrid 

competency profile would require also untraditional pedagogical practices and 

followingly, the educators would need more support to design and implement 

such teaching. Therefore, in the light of this dissertation and previous research 

and reports (Borg et al., 2012; Sherman & Burns, 2015; Thürer et al., 2018; Ta-

kala & Korhonen-Yrjänheikki, 2019; Finnveden et al., 2020; Weiss et al., 2021b; 

UNESCO, 2014), the Nordic universities could pay more attention to their insti-

tutional commitment to sustainability, particularly the support structures exist-

ing for the teachers.  

Encouragingly, the review of Weiss et al. (2021b) suggests that the commit-

ment of an institution to sustainability efforts in campus operations or research 

can lead the way to a more comprehensive whole university approach and a 

transformative change in curricula. Therefore, despite the above-expressed con-

cern, the direction of the Nordic universities seems promising, as the commit-

ment to sustainable campus operations is overall good. Moreover, the Nordic 

universities have recently started to accelerate their carbon neutrality7 and bio-

diversity efforts8 and indications exist that universities worldwide, including the 

Nordic region, are paying increasing attention to the competencies that teachers 

need, and to the professional development of their teaching staff (Vare et al., 

2019; Leal Filho et al., 2021; Michel, 2020; Schönach et al., 2023). For example, 

in Aalto University, a pedagogical training course focused on sustainability ed-

ucation has been run since 2021 and according to preliminary indications, the 

training seems to provide an important platform for peer support and to pro-

mote the abilities of the participating teachers to connect their subject topic to 

sustainability (Schönach et al., 2023). This can be seen as significant develop-

ment that promotes the teachers to take ownership on sustainability integration 

and may thus even lead towards an integrative or a transformative institutional 

change (Sterling, 2001; Kolmos et al, 2016; Weiss et al., 2021b). 

Apart from the educational institutions, workplaces can have a substantial im-

pact on how the graduate competencies realize in the early career (Lutz & Pa-

retti, 2021). Explicit sustainability efforts of organizations can strengthen the 

sustainability commitment of graduates, as indicated by some of the surveyed 

graduates in this dissertation. However, also hindering structures exist. This 

dissertation, along with a few other studies (Fernandez-Manzanal et al., 2015; 

 
7 A selection of websites of Nordic universities that indicate ambitious work around carbon neutrality: Fin-

land: https://www.aalto.fi/en/news/carbon-neutral-aalto-2030-action-plan-launches; 

https://www.helsinki.fi/en/news/sustainability/towards-carbon-neutrality-university-helsinki-

calculates-its-carbon-footprint-and-draws-plan-reduce-emissions; Sweden: 

https://www.su.se/english/about-the-university/sustainable-development/the-university-s-

climate; https://www.gu.se/en/about-the-university/vision-and-values/sustainable-develop-

ment/sustainability-results-2022; Denmark: https://cbswire.dk/universities-denmark-is-firing-

up-for-a-cross-university-initiative-to-reduce-the-danish-universities-co2-emissions/  
8 Examples from the Nordic universities’ activities around biodiversity: Finland: 

https://tiedemuseo.jyu.fi/en/botanical-garden/biodiversity-on-campus; 

https://www.b2n.fi/kampusluonto; Sweden: https://www.slu.se/en/campaign-sites/biodiversity-

campus-challenge/  

 

https://www.aalto.fi/en/news/carbon-neutral-aalto-2030-action-plan-launches
https://www.helsinki.fi/en/news/sustainability/towards-carbon-neutrality-university-helsinki-calculates-its-carbon-footprint-and-draws-plan-reduce-emissions
https://www.helsinki.fi/en/news/sustainability/towards-carbon-neutrality-university-helsinki-calculates-its-carbon-footprint-and-draws-plan-reduce-emissions
https://www.su.se/english/about-the-university/sustainable-development/the-university-s-climate
https://www.su.se/english/about-the-university/sustainable-development/the-university-s-climate
https://www.gu.se/en/about-the-university/vision-and-values/sustainable-development/sustainability-results-2022
https://www.gu.se/en/about-the-university/vision-and-values/sustainable-development/sustainability-results-2022
https://cbswire.dk/universities-denmark-is-firing-up-for-a-cross-university-initiative-to-reduce-the-danish-universities-co2-emissions/
https://cbswire.dk/universities-denmark-is-firing-up-for-a-cross-university-initiative-to-reduce-the-danish-universities-co2-emissions/
https://tiedemuseo.jyu.fi/en/botanical-garden/biodiversity-on-campus
https://www.b2n.fi/kampusluonto
https://www.slu.se/en/campaign-sites/biodiversity-campus-challenge/
https://www.slu.se/en/campaign-sites/biodiversity-campus-challenge/
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Chance et al., 2022), shows that the hierarchical position of the graduates cre-

ates a boundary for the graduates to influence on sustainability. Moreover, a gap 

seems to exist between the employers and the graduates, both in how they per-

ceive graduate role and competencies in promoting sustainability (active, 

knowledgeable and independent vs. lack of power and competencies) and what 

they think affects graduate possibilities to act (graduate-related factors vs. 

workplace-related factors). Similar gaps in expectations have been reported in 

the transfer phase of graduates to the working life in general (Korte et al., 2015; 

Trevelyan, 2019), implying that more communication and knowledge sharing 

could be required to mitigate the gap. 

Interestingly, the findings suggest that the issue with graduate agency only 

concerns sustainability-related agency. The surveyed employers widely consid-

ered that the graduates do bring new insights and challenge current practices, 

indicating a relatively high level of professional agency of the graduates (see 

Eteläpelto et al., 2013 and references therein). Moreover, the findings show that 

some means already exist in the organizations to utilize graduate competencies 

and to support their agency, but these supportive measures seem to only apply 

to task performance and adapting the graduates to the working life, whereas the 

promotion of sustainability is mainly left for the graduates to tackle by them-

selves. Therefore, resembling what Eteläpelto et al. (2013) suggested for profes-

sional agency, the workplaces could invest more in creating an encouraging and 

enabling social context for promoting sustainability instead of solely relying on 

graduate sustainability knowledge and competencies (individual agency). The 

findings of this dissertation suggest that the graduates could be supported also  

through communicating clearly on the sustainability efforts and commitment of 

the organization, or through applying the existing support measures like men-

toring also in the context of sustainability promotion.  

The workplaces additionally have the possibility to take a more active role in 

driving a more sustainability-oriented competency profile of graduates, such as 

the hybrid profile. Despite the otherwise strong sustainability emphasis of the 

working life indicated by this dissertation, the recruitment seems to be less sup-

portive of a respective expertise. Given that employment is of primary im-

portance for the graduates, emphasizing the knowledge of sustainability and 

motivation to act for sustainability in the recruitment could create a substantial 

motivational factor for the students to develop field-related sustainability ex-

pertise. Emphasizing sustainability expertise in the recruitment and first posi-

tions could also provide an incentive for the educators to increase the sustaina-

bility emphasis of their teaching. Currently, the financial incentives for devel-

oping university education in Finland have a strong emphasis on the employa-

bility targets, while the integration of sustainability is mainly driven by general 

level policy outlines stating that universities contribute to sustainable growth 

(Ministry of the Education and Culture, 2018). 
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5.4 Limitations  

There are some limitations and uncertainties in the methodology and research 

process that need to be considered in interpreting the findings of this disserta-

tion. In the following, I clarify and discuss the main limitations (see Articles 1-5 

for their specific limitations). 

This dissertation took a holistic approach to sustainability integration in 

higher education and the impact of the integration on graduate competencies 

and possibilities to act for sustainability in the early career. The Nordic higher 

education institutions (HEIs) and the Water and Environmental Engineering 

Master’s Programme (WAT) of Aalto University were used as case examples to 

investigate these research topics. The chosen approach is two-fold and in a sense 

also contradictory. On one hand, the holistic perspective gives a good overview 

of the research topic but compromises from beneficial explanatory details, such 

as causalities and mechanisms underpinning the observed results. On the other 

hand, the case study approach, together with the qualitative research emphasis, 

narrows the focus down to a level that restricts the generalizability of the find-

ings. These two levels of the dissertation are partly explained by the projects that 

drove the research process and the need to balance between the two central pur-

poses of this work: apart from contributing to the research fields of sustainabil-

ity in higher education (SHE) and engineering education, the aim was to de-

velop the WAT Programme in practice. Despite the limitations, the multitude of 

approaches and purposes can be seen an asset, as connecting different perspec-

tives produces more insights and in the case of a novel research area, can be 

particularly beneficial for directing future research. 

Some concerns relate also to the research process. The process took several 

years, the first survey being conducted already in 2014. Considering the accel-

erating pace the universities include sustainability in their activities, some of the 

results could be considered as outdated. To tackle the issue, this dissertation 

discussed the results against the recent development in the Nordic universities 

and noticed that the situation shows improvement. However, as far as the au-

thor is aware, similar comprehensive surveys than the one in this dissertation 

on the sustainability efforts of universities in the Nordic level are yet to be con-

ducted. In addition to the time span of the process, the interdisciplinary and 

transdisciplinary nature of the research fields this dissertation represents needs 

to be addressed. Interdisciplinary research, paraphrasing Keskinen (2010, 30), 

can create a holistic view of a complex issue through bringing together data, 

methods, theories, and concepts from many disciplines. The commonly raised 

concern in such integrative research is the arbitrary combination of the discipli-

nary doctrines, also called as eclecticism in philosophy, which can create a risk 

of incoherence. While it may be that the outcome of interdisciplinary research 

is unable to create a logical argument from a disciplinary point of view, it may 

shed light to a complex phenomenon through utilizing multiple complementary 

perspectives. I have adopted this multiperspective approach in this dissertation, 

as the aim was to better understand a highly complex and multifaceted phenom-

enon of the effects of integrating sustainability in education on graduate agency 

for sustainability.  
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In addition, the chosen exploratory and descriptive methodology limits the 

possibilities to generalize the findings and a few challenges in the applied data 

collection and analysis methods cause uncertainty to the results. Firstly, the em-

phasis on the qualitative methods, particularly the interpretations of interview 

and focus group data, may result in subjective interpretations of the data and 

limit the possibility to apply the results in other contexts. Therefore, those anal-

yses were mostly conducted by two authors and a detailed description of the 

analysis method was included in the respective articles. Moreover, almost all the 

interviews and focus groups were analyzed as complementary to questionnaire 

survey data, thus increasing the trustworthiness of the results. Secondly, the low 

number of respondents in the Nordic questionnaire survey raise questions on 

the validity of the results. However, the results aligned relatively well with pre-

vious findings and with a global trend, suggesting a satisfactory level of the ex-

ternal validity.  

Thirdly, the engineering field this dissertation investigated has a substantial 

sustainability emphasis. This might have affected on the perceptions of the re-

search participants and therefore, the findings are not directly applicable to 

other engineering fields. Fourthly, the questionnaire surveys were wide in their 

approach, as the whole dissertation, and covered multiple research targets in-

stead of focusing on measuring certain specific issues. The questionnaires there-

fore lacked internal reliability measures, thus causing uncertainty to the gained 

results. 

Finally, in studying competencies, varying ways in the use of terminology and 

in categorizing them is a common challenge (Shephard et al. 2019). For exam-

ple, the different key sustainability competency frameworks referred to in this 

dissertation (Wiek et al., 2011; UNESCO, 2017; Brundiers et al., 2021; Bianchi 

et al., 2022) have differences in the number of competencies included in the 

framework. The definitions of the specific competencies may also vary between 

different scholars, as in the case of self-awareness / intrapersonal competency 

(Jaakkola et al., 2022). Similarly, the research participants may interpret given 

lists of competencies in varying ways. Due to this divergence in interpreting the 

different competencies, the results include some uncertainties. As for the chal-

lenge of categorizing the different competencies, the Articles 3-5 used consistent 

categorization in the analysis, aiming to improve the comparability and validity 

of the three articles. However, comparisons with other studies remain partly a 

challenge. 

5.5 Future directions 

The outcomes of this dissertation provide important insights for future research 

in the fields of sustainability in higher education (SHE) and engineering educa-

tion. Both of these fields are abundant with studies concerning how to include 

sustainability in specific courses or programmes. As observed by this literature 

and by the findings of this dissertation, regular courses, implicit, or add-on inte-

gration of sustainability merely suffice in developing competencies that help 

graduates to implement sustainability in practice. While this dissertation was 
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strongly driven by programme development and particularly serves initiatives 

that aim to integrate sustainability in the curriculum level, more detailed explo-

rations are encouraged that would focus on how the programme-level integration 

efforts can be realized in practice in the specific courses. Moreover, while certain 

teaching methods have been recognized effective in developing multiple im-

portant competencies, such as problem-based learning or project courses, degree 

programmes rarely comprise of courses that fully follow these resource intensive 

pedagogies (although exceptions exists, see e.g., Ulseth & Johnson, 2014, refer-

enced in Kolmos et al., 2016).  Therefore, there is a need for more contributions 

like those of Sandri (2020) and Holdsworth & Sandri (2021), particularly in the 

engineering fields, that provide insights on integrating sustainability in discipli-

nary courses and could help the educators to reframe the subject topic of their 

courses.  

Following the encouraging direction of teacher training observed in the univer-

sities globally and in the Nordic region, future research could concentrate on ex-

ploring what specific support the teachers need. In addition, contributions on 

which approaches best facilitate them in finding connections between their field 

and sustainability, and in developing the suitable teaching and learning activities 

in their courses could facilitate institutions to provide suitable professional devel-

opment. While some contributions already exist on these topics (e.g., Leal Filho 

et al., 2021; Schönach et al., 2023), teacher training that would contribute to bet-

ter graduate sustainability competencies and agency requires more attention. 

This future direction of research could particularly include means to promote the 

transformative approaches in education, as it would contribute to the self-aware-

ness and implementation competencies of graduates and facilitate them in facing 

the challenges brought by the transition to the working life. Moreover, according 

to this dissertation and earlier studies (Lambrechts et al., 2013; Quelhas et al., 

2019; Beagon et al., 2022), futures thinking seems to be generally underempha-

sized by the different stakeholders of education, which suggests that studies that 

explore the reasons behind this are needed, as well as explorations on the means 

to integrate the competency in courses and programmes.  

Finally, as noted in the limitations, major part of the findings of this dissertation 

only included one field of engineering in one country with an exploratory-descrip-

tive research approach. Therefore, to better understand how the working life re-

ceives recent graduates and utilizes their sustainability competencies, more re-

search in different fields and countries would be needed. For facilitating the cat-

alyst role of the graduates, it would also be important to focus future research on 

how to overcome the factors that hinder graduate possibilities to act for sustain-

ability. Based on this dissertation, such research could take for example an exper-

imenting approach to measures that could facilitate knowledge sharing around 

sustainability in an organization or to measures that clarify how sustainability can 

be applied in daily work in an organization. Considering that the reality of the 

graduates in the early career is socially constructed, future research is also en-

couraged to take a deep interpretativist approach (Cohen et al., 2011) to explore 

the interaction between the graduates, workplace colleagues, and employers 

around sustainability-related issues.
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6. Conclusions 

The overarching aim of this dissertation was to evaluate and discuss how univer-

sity graduates can catalyze societal sustainability transformation. It explored the 

topic in three interrelated contexts: sustainability in higher education, engineer-

ing education, and transition to the working life. The thesis surveyed the sustain-

ability integration of the Nordic universities and used an engineering master’s 

programme as a case to study competencies important for employability and sus-

tainability, and the role of graduates in contributing to sustainability. 

The findings show that the Nordic universities are putting efforts on integrating 

sustainability in their operations. However, taking a stronger whole university ap-

proach to the integration and developing the support for the teachers in sustain-

ability education are suggested to promote graduate sustainability agency. The 

working life is generally very satisfied with graduate competencies and contribu-

tions. Particularly substance knowledge and the key sustainability competencies 

emerged as important both for employability and sustainability, suggesting a hy-

brid competency profile for engineering graduates. However, all the surveyed ac-

tors seem to prioritize employability and have diverging views on the relevance of 

sustainability competencies. As for graduate role, the employers expect an active, 

knowledgeable and independent role, while the graduates have shortages in com-

petencies and feel a lack of power to influence.  

To promote the catalyst role of graduates, the dissertation discussed two key 

future directions: 1) Providing the teachers with internal networks and pedagog-

ical training, which can facilitate reframing the course topics to sustainability, in-

tegrating the key sustainability competencies in the education and encourage em-

ploying pedagogies that support sustainability agency; 2) Clarifying the graduate 

role through exploring workplace practices that improve knowledge sharing and 

support for graduate sustainability efforts. 

This dissertation provides a novel insight on sustainability education in univer-

sities and in engineering, emphasizing the support required throughout the edu-

cational system and the working life to ensure best possibilities for the graduates 

to catalyze sustainability transformation. The dissertation suggests intensifying 

collaboration among graduates, workplaces, and educators around sustainability 

to mitigate the diverging views on the competencies and to clarify the role of grad-

uates. Moreover, co-creating a clearer view of how sustainability can be imple-

mented in field-specific projects and daily tasks can help the students to develop 

adequate competencies and agency, the educators to reframe the teaching to pro-

mote a hybrid competency profile, and the workplaces to provide suitable support 

for the graduates. Further, this collaborative agency for sustainability (OECD, 

2019) can lower the threshold for the graduates to act for sustainability despite 

the hindering effects of an expectation gap in the transition phase, power struc-

tures, and possible shortages in the competencies.  
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