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Education is at the heart of the changes needed for the socio-technical transition to a sustain-
able world. Understanding the necessity of change should be coupled with awareness of the
root causes of the currently dominant unsustainable development. This research establishes
the current situation of how sustainable development contents and Key Sustainability Com-
petencies are manifested in technical higher education curricula as well as educational guid-
ance and teaching activities in a case example organization, the South-Eastern Finland Uni-
versity of Applied Sciences, School of Technology. The research methods include data col-
lection by a literature review, curricula analysis, interviews and a survey. The data is ana-
lysed using qualitative content analysis to identify the degree of sustainable development
contents and competencies included in curricula and teaching implementation.

The results indicate potential for increasing both sustainable development content and sus-
tainability competencies in technical higher education. Guidance to include these in curricula
development and teaching could be more structured. This would allow the staff to identify
the tools for integrating sustainable development topics in teaching. More systematic assess-
ment of working life competence needs and helping teaching staff identify field specific
examples of sustainable development would ease this integration.
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Koulutuksen vaikuttavuuspotentiaali kestdvyysmurroksessa on merkittiva. Koulutus lisdd
tietoisuutta muutoksen valttimattomyydestd ja ymmarrystd nykyisten kestdvyyshaasteiden
juurisyistd, edistden osaamista muutoksen tyokalujen kayttoonottamiseksi. Tassd tutkimuk-
sessa selvitetddn kestdvén kehityksen tietoisuutta ja kestdvyyskompetensseja lisddvien sisél-
tojen ilmenemistd tapausesimerkkind toimivassa koulutusorganisaatiossa, Kaakkois-Suo-
men ammattikorkeakoulussa. Tutkimus keskittyy tekniikan alan koulutuksiin.

Tutkimuksessa tunnistettiin kestdvin kehityksen siséltdjd ja kestivyyskompetensseja ope-
tuksen ohjauksessa, opetussuunnitelmien sisélloissd ja opetuksen toteutuksessa. Kirjalli-
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suunnatun kyselyn avulla kerétyt tiedot analysoitiin laadullisen sisdllonanalyysin keinoin.

Tulosten perusteella kestévin kehityksen tietoisuutta ja kestdvyyskompetensseja lisddvén si-
sdllon integroimista opetukseen on mahdollista tehostaa. Ohjauksen kestdvyysosaamisen li-
sddamiseen opetussuunnitelmissa ja opetuksen toteutuksessa tulisi olla aktiivisempaa. Ope-
tushenkilostolle tulisi myds luoda nykyistd paremmat mahdollisuudet tunnistaa omaan
alaansa liittyvid kestdvyysosaamisen esimerkkejd. Jarjestelmdllinen menettely tydeldméin
kestdavyysmurrokseen liittyvien osaamistarpeiden kartoittamiseksi voisi edesauttaa niiden
integroimista opetukseen.
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1 Introduction

Replacing the current operational models and habits by new ones starts with the understand-
ing of the need for the change and envisioning of the desired outcome of it, not limited by
what is seen possible (Meadows, 2014). Once these are clarified and commonly accepted,
the instruments for implementing and measurement methodology for assessing the change
can be developed, tested, and developed further. Education, in the meaning of disseminating
information and increasing knowledge, is at the heart of all these phases: there is no under-

standing or solving problems without knowledge.

The United Nations Sustainable Development Goals have become a widely recognized sym-
bol of the work towards a more sustainable world, combining the aspects of sustainable de-
velopment under an umbrella of tangible aims (UN, n.d.). Each of the 17 goals is given
targets and indicators have been selected to help measure progress in reaching the set aims.
The role of education in understanding the necessity for sustainability and in finding the
tools for the sustainability transition is highlighted in goal 4: “Quality Education” (UN, n.d.).
As a specification of goal 4, target 4.7 sets an ambitious aim of ensuring availability of
knowledge and skills for sustainable development promotion. Reaching these is measured
using the extent to which education for sustainable development and global citizenship edu-
cation are mainstreamed in educational policies, curricula, and teaching (UN, 2022) as one
of the indicators. In the beginning of 2022, no results on this target were yet reported in
Finland (Statistics Finland, 2022) and according to the Finnish Ministry of Education and
Culture (OKM, 2019 and 2020) specific methods for measurement were under development.
The results reported globally for the reference year of 2017 were also based on estimations

or partial coverage (UNESCO, 2021).

The National Forum for Skills Anticipation (2019, 3) country specific skills forecast for 2035
names digital and technological skills as well as the need to understand aspects of sustainable
development as the skill requirement areas with the clearest increase in the future. In addition
to understanding the meaning of sustainable development, the competencies required for the
large scale behavioral and habitual change to facilitate sustainability transition must also be
strengthened (Pacis and VanWynsberghe, 2020, 576). Changing the Dominant Metanarra-
tive of limitless growth to Life-Affirming metaphor (Glasser, 2019, 40) can only succeed
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with sufficient knowledge and level of understanding. Higher education, in addition to
providing students with high level professional competencies, has a role in finding the sci-
entific and technological solutions that help humanity towards a more sustainable and resil-

ient existence. This role is very strong in technical field higher education.

The sustainability actions in educational institutions can be divided to two main categories:
taking sustainability aspects into consideration in decision making and daily operations (op-
erational sustainability) and the way in which sustainability is incorporated in the provided
education (contentual sustainability). Ideally the educational activities at Institutions of
Higher Education increase awareness of sustainability and the versatile research and devel-
opment activities enhancing the Key Sustainability Competencies (KSCs) along with finding
innovations that promote the transition. Institutions of Higher Education have a great poten-
tial to act as regional sustainability leaders by increasing awareness of sustainable develop-
ment throughout society not only by the example of operational models, but through the

increased skills and competencies graduates bring to working life.

The aim of this research is to establish the current level of how sustainable development
contents and Key Sustainability Competencies are included in technical higher education
using the UN SDG Target 4.7. indicators as a basis for the research design. The research sets
out to describe the path of guidance for Institutions of Higher Education for incorporating
education for sustainable development in their educational activities. A case study is used to
determine the degree of how sustainable development awareness and key competencies are
represented in curricula and manifested in teaching and learning. The research is focused on
the technical study programmes of the School of Technology at the South-Eastern Finland
University of Applied Sciences (Xamk). The theoretical background consists of an overview
of the role of higher education in the socio-technical sustainability transition and a descrip-
tion of the current guidance mechanisms used for steering Finnish Universities of Applied
Sciences towards education for sustainable development and provision of Key Sustainability
Competencies. The sustainable development contents and competencies in the case example
organization are studied by a literature review and a qualitative content analysis of the cur-
rent study programme curricula, completed by staff interviews and a student survey to reveal

the actualization of sustainability aspects of teaching in more detail.
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2 The Role of Higher Education in the Sustainability Transition

The ability to learn and pass the learning outcomes forward is one of the features that makes
the human species so resilient, even to the changes caused by humans themselves. The Cam-
bridge dictionary definition for education points especially towards learning at an educa-
tional institution (Cambridge University Press, 2022) and very commonly the word educa-
tion refers to formal education: teaching at educational institutions and completion of de-
grees based on set requirements. Education is one of the cornerstones of the human socio-
technical development as it enhances innovation, sparks insights, and enables advanced
problem solving. Unfortunately, the past socio-technical development has led to the current
imbalance between the planetary boundaries (Rockstom et al, 2009, 472) and the human
quest for continually increased systemic efficiency (Martin, 2019). Major sustainability chal-
lenges caused by this imbalance can be categorized to environmental, socio-cultural, and
economic challenges, although the complexity and interconnected nature of the planetary
system and the human society also means these challenges are strongly interlinked (Rae-

worth, 2017, 32).

The importance of education in providing the necessities for well-being for the current and
future generations was established even before the concept of sustainable development, as
the “Recommendation concerning Education for International Understanding, Co-operation
and Peace and Education relating to Human Rights and Fundamental Freedoms” was com-
pleted already in 1974 (UNESCO, 1974). Education is also one of the fundamental human
rights (UN, 1948) and as such plays a key role in increasing awareness of sustainability
challenges and the need to address them, as well as finding new scientific and technological
solutions to help humanity towards a more resilient life. The UN sustainable development
goals (UN, n.d.) have helped make the complexity of both sustainability challenges and the
means for addressing them more tangible. A multitude of effort is put into finding the path
to a sustainable world. Addressing the current sustainability challenges can only succeed via
systemic changes in the structures that have generated and maintain these challenges. Geels
(2002, 1257) calls these necessary systemic changes “socio-technical transitions”, which
very aptly describes the multidisciplinary nature of the required alterations. A transition of
this magnitude and versatility cannot take place without a large-scale habit change (Pacis

and VanWynsberghe, 2020, 576) simultaneously on several fronts. Formation and
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maintenance of sustainability agency call for individual growth through understanding and
a mind-set change (Koistinen, 2019, 87). Geels (2011, 25) points out that the changes made
to enhance sustainability transitions offer very few direct benefits, increasing the importance

of understanding their necessity and development of agency even further.

Education is, quite justifiably, seen as one of the enablers of the sustainability transition as
promoter of understanding and competencies, which in turn promote agency. Figure 1 illus-
trates how the elements of educational design and guidance together with monitoring per-
formance ideally result in the outcome of behavioral change with some examples of theoret-

ical frameworks used to contextualize them in this research.

e : . ™\ _— T a N
Generic skills " Education designed ™~

Metaskills and guided to Key Sustainability Competence

(National Forum for Skills enhance the skills \/ framework (Wiek et al. 2011)

\Anticipation, 2019) Y, and competencies

/I needed for the / ~ /
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: . ) "
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development levels (ESD I-Il)

(Sterling, 2015) (Pacis and Van Wynsberghe, 2020)
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Figure 1. The Theoretical Frameworks Used to Contextualize the Role of Education in the
Sustainability Transition in this Research (ESG, 2015; NFSA, 2019; Pacis and
VanWynsberge, 2020; Sterling, 2015, 98; UN, n.d. and Wiek et al., 2011, 207)

The UN SDG indicators have been critiqued as incomplete in their ability to provide infor-
mation on how well the key sustainability competences are enhanced in education (da Silva,
2020; Helin, 2021; GAML, 2017; Mochizuki and Fadeeva, 2010). The Key Sustainability

Competence and the Learning for Sustainability Core Competence frameworks are briefly
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described in this chapter to bring more conceptual basis for the utilized measurement meth-
odology. These help bind the future skillset requirements identified by the National Forum
for Skills Anticipation (2019, 3) to the importance of measuring how well education is able

to provide the required skills and competencies.

2.1 The Three Stages of Education for Sustainable Development from The Multi-

Level Perspective Viewpoint

Education is incremental for promoting the effectiveness of any sustainability instrument
through developing engagement and agency of stakeholders (Sterling, 2015, 90). Ideally
higher education equips students with the competences to help them become future sustain-
ability change agents and leaders (Pacis and VanWynsberghe, 2020, 586). At the core of
these key competences are systems-thinking, anticipatory, normative, strategic, and inter-
personal competencies as well as the ability for integrative problem solving (Wiek et al.

2011, 212).

At the core of educational activities are the identified aims for them: the demand for the set
of skills, competencies and awareness build by education. This demand is influenced by the
regional labor market (i.e. the need for educated workforce) as well as megatrends influenc-
ing the types of generic skills employers look for when recruiting. The pressure for
knowledge of sustainable development is likely to increase in the future (NFSA, 2019, 3).
This pressure sends signals to the policymakers also. On the other hand, individual educa-
tional institutions, or even individual teachers or students may have a personal motivation to
incorporate certain competencies and areas of awareness in teaching, which initiates a larger
demand throughout societal layers. Furthermore, it is becoming clearer that addressing en-
vironmental challenges is insufficient, when the actual challenge is societal (van deer Leeuw,

2018, 1590).

In the multi-level perspective (MLP) for socio-technical transitions described by Geels
(2002, 2005 and 2011) education in the role of innovation promoter has a clear significance
and the lack of the necessary skills is identified as an element blocking or slowing the tran-
sition. The MLP differentiates three levels, 1) niche, 2) regime and 3) landscape levels, of
coordination and structuration provided for socio-technical innovations (Geels, 2005, 682),

each influencing and being influenced by the transition in a nested hierarchy. Education is
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more than the research network (Geels, 2002, 1260) provided by Institutions of Higher Ed-
ucation and in terms of the techno-scientific knowledge the role of education is undisputed.
Knowledge is also one of the elements of socio-technical system innovations (Geels, 2005,
683), so Institutions of Higher Education and the results of their work have an influence on

niche, regime and landscape levels.

The socio-technical landscape is influenced by the imposed policies, as examples the inter-
national educational policies by, e.g. United Nations, and the United Nations Educational,
Scientific and Cultural Organization (UNESCO), and the European Union. These policies,
be they legislative or voluntary, are generally brought to national guidance through the rel-
evant ministries and, if necessary, incorporated in the national legislative framework. In
addition to the policy guidance, various actors of the landscape level are able to influence
the sociotechnical change via financing instruments. In terms of educational institutions,
funding for research and development or educational activities is a powerful guidance tool
(Korhonen-Kurki et al., 2020). Education for Sustainable Development (ESD) is a term used
to describe a set of educational and related activities that seek to facilitate the transition to
more sustainable societies. UNESCO (2012, 33) calls attention to all aspects of education,
from planning, policy development and implementation to financing, teaching and learning
from a society to individual levels being addressed to facilitate more efficient ESD and “a

more sustainable future”.

Sterling (2015, 98) named three stages of education for sustainability. In the first stage (ESD
I) the education focuses on learning about sustainable development and change from an in-
formational perspective. This “first order learning” is not likely to motivate long lasting be-
havioral change especially because the benefits of the change are not direct (Geels, 2011,
25). The second stage (ESD II) typically generates deeper affective learning and sense of
engagement through expansion of thinking and reflection of values. The third level (ESD
IIT) is most likely to achieve the mindset change towards a more holistic view on sustaina-
bility, since it involves engagement and empowerment achieved through critical reflection.

(Sterling, 2015, 98.)

ESD in the MLP framework, and from the viewpoint of the stages of ESD described by
Sterling (2015), reveals education as a force both driven and sculptured by the sustainability
transition on one hand and enabling, even reinforcing it on the other. Education is the ele-

mental tool for the deeper understanding of the urgency and necessity of the sustainability
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transition as well as the enabler of building the competencies necessary for developing this
understanding further into empowered action. On the landscape level this is revealed by the
policy guidance for incorporating ESD in the educational system simultaneously to setting
operational requirements for the incorporation of sustainability driven decisions in the daily
activities of educational institutions. Ideally this guidance provides educational institutions
with the tools to educate future sustainability leaders that see sustainable decisions in daily
activities as the operational model they have grown accustomed to during their studies. Both
of these views, the sustainability driven decisions in the operations of the institution (“oper-
ational sustainability”’) and the educational, competence building view on sustainability
(“contentual sustainability”’), should be looked at in the sustainability considerations of ed-
ucational institutions as they are likely to influence the educational environments provided

as well as the content and quality of teaching.

2.2 Sustainability Competence Frameworks

Education aims to increase the competencies of those being educated, thus increasing the
overall competence of society. Competences consist of knowledge, skills and attitudes that
together allow the competent individual to perform successfully (Wiek et al., 2011, 204).
Rieckmann (2012, 129) includes aspects of personal motivation, cognitive, affective and
volitional elements in characterization of competencies. Glasser (2019, 40) titles the current
unsustainable way of life the “Dominant Metanarrative”, that should be replaced by a “Life-
Affirming Metanarrative”. Breaking the Dominant Metanarrative calls for learning and un-
derstanding the state of the planet. This, in turn, takes thorough understanding of the plane-
tary systems along with their complex and interconnected functions (Rockstrom et al., 2009;
Meadows, 2014), as well as the ability to innovate and find ways for the Life Affirming
Metanarrative represented, e.g., by setting limits to exploitation and seeking conservation

and regeneration of resources, and a commitment to common good (Glasser, 2019, 42).

Wiek et al. (2011, 207) have identified the key competencies aiding the ability to understand
systems and the root causes of the disruptions caused in them. Ideally enhancing these Key
Sustainability Competencies (KSCs) will also enhance the sustainability transition.
UNESCO, (n.d.) names “critical thinking, imagining future scenarios and making decisions

in a collaborative way” as the competencies education for sustainability should enhance.
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The KSC framework (Wiek et al., 2011) includes competencies such as systems-thinking,
anticipatory, normative, strategic, and interpersonal skills that can be combined to integra-
tive problem-solving competencies. These demonstrate some similarities to the skills named
by the National Forum for Skills Anticipation (2019, 3) as the metaskills (problem solving
skills, self-regulation, the ability to learn, development and management of personal com-
petence, and information evaluation skills) that are increasingly important in future working
life. The KSCs (Wiek et al., 2011, 213) and the work of, e.g., Glasser (2018) were used as
a basis for the Learning for Sustainability (LfS) Core Competence Framework described at
the University of British Columbia by Pacis and Van Wynsberghe (2020, 583). The LfS core
competence framework is described on three levels build up from values and commitments
to knowledge and understanding and finally reaching the top of social skills and agency
(Pacis and VanWynsberghe, 2020, 583) representing a similar contextualization as the ESD
levels described by Sterling (2015). The key features of these frameworks are listed in Table
1.

Table 1. Connections in the ESD and the L{S Core Competence Framework (Sterling, 2015,
98 and Pacis and VanWynsberghe, 2020, 583).

ESD LfS CCF
ESD I: CONTENTS VALUES AND COMMITMENTS
SD subject matter, such as ecological, economic | Common good, affinity of life.
and socio-cultural challenges or how they are ad- | Care for self and others.

dressed.

ESD II: UNDERSTANDING KNOWLEDGE AND UNDERSTANDING
Critical reflection regarding SD subject matter, Systems thinking and future thinking.
expansion of thinking towards systemic under- Awareness of the state of the planet.

standing. Engagement.

ESD III: EMPOWERMENT SOCIAL SKILLS AND AGENCY
Capacity building, holistic content view, creative | Modeling of sustainable behavior
engagement. Implementing change.

Wise, compassionate decision making

The levels of both ESD framework (Sterling, 2015, 98) and the LfS framework (Pacis and
VanWynsberghe, 2020, 583) are reflected in the recommendation for shared competences

of Universities of Applied Sciences published by the UAS rectors’ council Arene. The
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competence recommendations are categorized under six focus areas “learning to learn”,
“operating in a workplace”, “‘ethics”, “sustainable development”, “internationality and mul-
ticulturalism” and “proactive development” (Arene, 2022, 5). The recommendation sets an
expectation that a graduating Bachelor’s degree student: “is familiar with the principles of
sustainable development, promotes their implementation and acts responsibly as a profes-
sional and a member of society.” and a graduating Master’s degree student: “develops and
manages sustainable and responsible operating methods in their work and promotes sustain-
able change in their work community and society” (Arene, 2022, 7), but as of yet no infor-

mation is available on how these recommendations are to be implemented at Universities of

Applied Sciences.

2.3 Sustainability Competencies in Technical Higher Education

According to the National classification of education (Statistics Finland, 2016), engineering
and engineering trades, manufacturing and processing and architecture and construction are
classified as technical education. Skills and competencies typically associated to these fields
include, at the very least, problem solving competencies. Professionals working in technical
fields, particularly those with higher education, are expected to deliver technological solu-

tions to the sustainability challenges and measure the effectiveness of these solutions.

The Finnish education system relies on age-appropriate levels of education beginning at the
early childhood education and care and building up through the basic education to upper
secondary education and offering further opportunities for vocational education and higher
education. Each level and educational institution have their specialization in the overall ed-
ucational system as guided by the Ministry of Education and Culture (MoEC). Higher edu-
cation in Finland is given by universities and universities of applied sciences. Institutions for
Higher Education provide education based on scientific research (universities) and working

life needs (universities of applied sciences). (OKM, 2021a.)

Institutions for Higher Education should facilitate the development of the identified key
competencies, and many have adopted Education for Sustainable Development policies and
committed to action to promote sustainability as an elemental part of their operations
(Rieckmann, 2012, 129). Challenges of staff and student mobilization and inclusion of sus-

tainability in research and teaching activities still prevail (Rieckmann, 2012, 129), even if
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research (e.g., Alm et al., 2021, Palsdottir and J6hannsdéttir, 2021) indicates an increase in
the use of the key competence frameworks as a basis for higher education design. One clear
obstacle is the complexity and multidisciplinary nature of sustainability. Willamo et al.
(2018, 2) suggest a comprehensive approach framework of generalism, holism and hol-
archism to help address this issue. Generalism would help approach the challenges from the
multiple viewpoints that mere understanding them requires, and holism and holarchism
would allow for approaching the topics as entities and as the units the entities are made up

from simultaneously (Willamo et al., 2018, 2).

Systems-thinking as a Key Sustainability Competence represents the ability for holistic
thinking and identification of interconnections between system components that can be used
to analyse features of complex systems (Wiek et al., 2011, 207). Many technical professions
rely on the ability to comprehend such complexities and the cause-effect relations of the
topic under study. Technical professions are also typically very future oriented and con-
stantly seeking to come up with new innovative technological solutions, so it can be argued
that anticipatory competences, as defined by Wiek et al. (2011, 207), are an integrative part
of technical higher education. Technical fields are often regarded to focus on the “hard”
content so normative knowledge of ethics, socio-ecological integrity and equity (Wiek et al.,
2011, 209), may not be among the first topics of expected content in technical field educa-
tion. Interpersonal competencies, such as negotiating, communicating and collaborating
(Wiek et al., 2011, 211), are emphasized throughout the educational path, so they are likely
to be manifested in technical field higher education also. Strategic competencies that rely on
much the same abilities as systems-thinking allow understanding of, e.g., systemic inertia,
barriers and path decencies (Wiek et al., 2011, 211) that are often present in assessment of

technical solution feasibility.
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3 Sustainable Development Work at Finnish Universities of Ap-

plied Sciences

Education for Sustainable Development (ESD) calls for identifying the type of education
that is likely to promote and advance social, economic and ecological sustainability. Reali-
zation of sustainability and action towards sustainable development in IHEs include the sus-
tainability driven decisions in daily activities (e.g. infrastructure management, procurement
and work related travel) and the promotion of sustainability competences and awareness on

sustainability for the students.

Awareness of the urgent need for sustainable lifestyles and knowledge of the aspects of sus-
tainable development alone may not provide sufficient boost for the sustainability transition.
These needs are reflected in the UN Sustainable Development Goals and specified into tar-
gets and related indicators seeking to ensure a wide scale understanding of sustainability and
educational activities throughout the World are restructured to better facilitate reaching these
aims. A clear commitment to ESD and incorporation of aspects of sustainability in decision
making can be found in guiding documentation for educational institutions. This chapter
describes the guidance for Universities of Applied Sciences in incorporating aspects of sus-
tainable development in their operations and in the educational activities with some exam-

ples of the methods they use for implementation of the set sustainable development aims.

3.1  Sustainable Development Guidance Mechanisms for Finnish Universities

of Applied Sciences

For ensuring freedom and impartiality of science Institutions of Higher Education have a
highly autonomous status to make decisions about their administrative, research and devel-
opment and educational activities, as described in the University of Applied Sciences Act
(Ammattikorkeakoululaki 932/2014) and the Universities Act (Yliopistolaki 558/2009). Fig-
ure 2 illustrates some of the factors influencing the sustainable development work at Finnish

Universities of Applied Sciences.
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Figure 2. Some factors influencing the sustainable development work at Finnish UASs. Ab-
breviations used: GP: Governmental Programme, MoEC: Ministry of Education and Culture,
SD: Sustainable Development, UAS: University of Applied Sciences (Arene, 2021; ESG,
2015; Eteld-Savon maakuntaliitto, 2021; FEEC, n.d.; Kymenlaakson liitto, 2021; OKM, n.d.,
2020a and 2020b; UN, n.d.; VN, 2019)

The Ministry of Education and Culture steers IHE activities by allocating funding based on
the funding model and by the agreements negotiated with each IHE every four years. (OKM,
n.d). The agreement covers the main objectives (e.g., on completed degrees) and the profile
of the IHE in question, as well as the expected reporting of reaching the set objectives. In
addition to the agreement negotiations and funding, “steering by information” is used to
guide IHEs (OKM, n.d.). The Ministry of Education and Culture Sustainable Development
Policy (OKM, 2020a) recognizes both the SDGs set in the Agenda 2030 and the sustainabil-
ity objectives of the Finnish Governmental Programme (VN, 2019) as the basis for the steer-
ing IHEs towards sustainable development. The Ministry has identified the role of Institu-
tions of Higher Education in the overall societal transition towards sustainability in, e.g. the
“Roadmap for Research, Development and Innovation” (OKM, 2020b) and the “Sustainable
Growth Programme for Higher Education in Finland” (OKM, 2021b) that were initiated by
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the current Government Programme (VN, 2019) emphasizing the need for high-quality com-
petence in renewal of society and enhancement of sustainable growth. The Ministry uses
sustainable development indicators for the sector for monitoring progress (OKM, 2019).
These include the indicators decided for monitoring progress towards SDG 4 (Quality edu-
cation) with its targets, but it should be noted that the overall sustainability transition should
not be diminished to monitoring only one goal, especially since the activity under study,
education for sustainability, has such overall influence on the entire socio-technical system.
Four indicators designed to measure target 4.7 were listed on the Statistics Finland Sustain-
able Development Indicators database, but no results on it have been reported yet (Statistics

Finland, 2022).

The quality of education in Institutions of Higher Education is monitored (Ammattikor-
keakoululaki 932/2014, Yliopistolaki 558/2009) in the context of the European Standards
and Guidelines for Quality Assurance in the European Higher Education Area (ESG, 2015)
and regularly audited by the Finnish Education Evaluation Centre Karvi (FEEC, n.d.). In
addition to the educational objectives, Universities of Applied Sciences have strong roles in
regional development (Ammattikorkeakoululaki 932/2014 §6). IHEs are generally seen to
have high importance in regional development (Véisdnen et al., 2015, 34). This importance
can be a driver for the regional sustainability transition, particularly as most Regional Coun-
cils allocate funds to research and development projects and have also seen the importance
of incorporating sustainability aspects in these projects. As an example the South Savo and
Kymenlaako Regional Councils allocate funding for R&D projects in accordance with the

Regional Strategies (Eteld-Savon maakuntaliitto, 2021; Kymenlaakson liitto, 2021).

The UAS Rectors Council Arene has also taken a leading role in promoting sustainable de-
velopment at Finnish UASs. Sustainable development is given as one of the competence
areas in the recommendation on the shared competencies of UASs (Arene, 2022, 5). The
“Sustainable, responsible and carbon-neutral universities of applied sciences” programme
contains sustainability and responsibility commitments for education, research and develop-
ment as well as management and personnel skills (Arene, 2020, 3). In terms of operational
sustainability, one of the current foci is climate impacts. Carbon neutrality or negativity are
very timely topics for any organization and the Universities of Applied Science have a com-
monly agreed commitment to becoming carbon neutral by 2030 (Arene, 2020, 3). To turn

this aim into action, the UASs have adopted a carbon calculator (Arene, 2021) taking into
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account greenhouse gas emissions from traveling, infrastructure and procurement. Many

UASs have not contented to these commitments but have set more ambitious aims.

3.2 Sustainable Development as a Strategic Goal at Finnish UASs

As legal entities, each UAS has an appointed board of directors (The UAS Act 932/2014),
with the tasks described in the Limited Liability Companies Act (624/2006). Often a CEO
is also appointed. UASs decide on their curricula for the scope of their educational respon-
sibilities, as stipulated in the authorization to provide education by the Government (the UAS
Act 932/2014 § 7, 14). All of the 22 UASs operating under the MoEC (OKM, n.d.a) demon-
strate commitment to sustainable development in their strategies, but there is variation in the
implementation as seen in Table 2. It should be noted that the Table only represents a brief
review of the information provided on the UAS websites, so the presented information

should be seen as some examples, not a thorough representation of the situation.

Table 2. Some examples of SD implementation in Finnish UASs as presented on their web-

sites and strategies

Examples of implementation Information sources

Centria information not available Centria
(n.d.a and n.d.b)

Diak University of Fair Trade Diak

Carbon footprint reduction (n.d.a and n.d.b)

Responsible employer
Haaga-Helia Principles for Responsible Management Education Haaga-Helia

FIBS ry's diversity charter (n.d.a and n.d.b)

WWF Green Office, ISO 14001(Vieruméki)
Humak information not available Humak

(n.d.a and n.d.b)

Hamk Sustainability perspective in thesis Hamk (n.d.a and n.d.b)
(Héame UAS) Operational sustainability
Jamk information not available Jamk
(Jyvaskyld UAS) (n.d.a and n.d.b)
Xamk Global Compact Xamk
(South-Eastern WWF Green Office (n.d.a and n.d.b)
Finland UAS) Carbon neutrality target 2030

Swan label
Kamk information not available Kamk
(Kajaani UAS) (2020 and n.d.)
Karelia Carbon neutrality target 2028 Karelia

ISO 14001 used as basis for EMS (2022a and 2022b)
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LAB UN Global Compact LAB
Societal Commitment 2050 (n.d.a and n.d.b.)
Systematic reporting from 2022
Lapin amk Commitment to Bio and Circular Economy Promotion | Lapland UAS (n.d.a and
(Lapland UAS) n.d.b.)
Laurea SD themes incorporated in all curricula Laurea
Operational sustainability promoted (2019 and n.d.)
Metropolia SD teams, integration in education and assessment Sup- | Metropolia
porting Immigrants in HE (2020a and 2020b)
SDG analysis tool
SD Roadmap
Oamk SD action plan Oamk
(Oulu UAS) SR reporting (n.d.a and n.d.b.)
Commitment to carbon neutrality
Sustainable procurement
Samk Environmental policy Samk
(Satakunta UAS) | Satakunta climate partnership (n.d.a and n.d.b.)
Savonia Great Place to Work -certificate Savonia
(2022 and n.d.)
Seamk Commitment to carbon neutrality by 2030 Seamk
(Seindjoki UAS) | SD working group (2019 and n.d.)
Tamk SD working group Tamk
(Tampere UAS) Fair trade universities (n.d.a and n.d.b.)
Climate partnership
Times HE Impact Ranking
SDG Accord
Climate Leadership Coalition
the UN SD Solutions Network
Nordic Sustainable Campus Network
Turku amk Commitment to be carbon neutral 2035 Turku amk
(Turku UAS) Fairtrade university (n.d.a and n.d.b)
Vamk SD working group, Vamk
(Vaasa UAS) Commitment to carbon neutrality 2030 (2022a and 2022b)
SD and responsibility programme
Arcada Ecological handprint Arcada
ESD (n.d.a. and n.d.b.)
WWF Green Office
SD in curricula
Novia SD linked to all course work Novia
SD measured in staff and student surveys (2020 and n.d.)

Student views on sustainability have been studied, as an example, at Jyviskyld University

of Applied Sciences (Jamk) focusing on ecological sustainability (Alppisara and Knuuttila,

2020). Based on the results, Jamk students feel ecological sustainability is important, which

might very well reflect the opinions of UAS students more generally, as implied also by

Cebrian and Junyent (2015) and Drayson et al. (2014). Knuuttila (2021) have listed action

to help UASs towards implementation of SD throughout their organizations. Commitment

to the programs and initiatives listed in Table 2 is likely to enhance the systematic
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sustainability performance of UASs in practice and some demonstrated implementing the
strategic goals in curricula and teaching activities also. A more thorough analysis would be
needed to fully understand how these commitments are reflected in students’ competencies.
Ideally, the increased competence and skillset offered to working life nurture the skills, atti-
tudes and competencies required for a true sustainability transition. Measuring KSCs and

knowledge of SD throughout the UAS field would make for an interesting further study.
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4 Sustainable Development Work at at the South-Eastern Finland
University of Applied Sciences School of Technology

Ideally higher education serves the society by providing students with the professional com-
petencies and abilities required by different organizations for their operations. The UAS Act
(932/2014) names providing education based on the working life requirements on expertise
one of the main missions for these Institutions of Higher Education. Technical higher edu-
cation is seen as elemental for building the sector specific competencies for the green tran-
sition (Wikman et al., 2022), so the expertise achieved by technical education enhance the
sustainability transition both via increasing the professional competencies required to enable
the technical development necessary, but also by imbedding sustainable development aware-

ness and the key competencies in the set of professional skills provided.

The South-Eastern Finland University of Applied Sciences (Xamk) operates on four cam-
puses in Kotka, Kouvola, Mikkeli and Savonlinna (Xamk, n.d.). The three focus areas, well-
being, technology and creative industries, are reflected in the organizational structure of ed-
ucational activities into schools of wellbeing, business and culture and technology. Xamk
School of Technology is organized into departments of Information Technology, Logistics
and Marine Technology, Forestry and Environmental Engineering, Construction and Energy
Engineering and Electrical Engineering, Building Services and Material Technology, each
lead by a Director of Education. The degrees offered in these five departments are mainly
technical degrees (Bachelor or Master of Engineering) with some exceptions. Some degrees
are offered in English and there is active cooperation with several other Institutions of Higher

Education both nationally and internationally. (Xamk, n.d.c.)

Incorporating sustainability into the educational activities of the technical degree pro-
grammes is guided through the overall guidance from the Ministry of Education and Culture,
influenced by the international and national policy guidance, the treaty between Xamk and
the MoEC as well as financial steering of Xamk. Sustainable development is mentioned as
one of the basis for operations (OKM, 2020c¢) in the 2021-2024 treaty and similarly to several
other UASs, Xamk is committed to the UAS carbon neutrality target of 2030 and demon-
strates operational sustainability action via, e.g. the Green Office system and the UN Global

Compact Sustainability Initiative (Xamk, n.d.a and n.d.b.). In addition to action aimed to
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ensure sustainability in the UAS operational activities, the Personnel- and educational plan

includes a mention on increasing staff skills on responsibility (Xamk, 2021b).

Contentual sustainability of any educational institution is achieved through increasing the
sustainability competencies of students as part of their education with the expectation that
they will make use of their skills for the good of their employers and this way benefit the
society as a whole (Figure 3). Building Key Sustainability Competencies (KSC) and increas-
ing awareness of the aspects of sustainability can be achieved by integrating these in teaching
activities. To ensure this, these topics should exist in each degree programme curricula as
learning objectives, and both the students and the teaching staff should have the motivation

to include these in educational activity implementation.

Practical training | 2w
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Thesis J 25
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. S 2
Degree Programme Course descriptions €3
Curriculum (learning objectives)
Course implementation Learning outcomes ]
[ Student motivation Teaching staff motivation
\ |
[ Pre-existing knowledge, ] Teaching staff SD
skills, values, predujices... knowledge and KSCs

Figure 3. Promoting sustainability competences and awareness of sustainable development
in society via higher education. Abbreviations used: SD: sustainable development, KSCs:
Key Sustainability Competencies, ESG: The Standards and Guidelines for Quality Assur-
ance in the European Higher Education Area (Xamk, n.d. and 2021a, UAS Act 932/2014)
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Each Institution for Higher Education has a procedure for establishing their degree pro-
gramme curricula taking into account the given requirements as well as expectations for the
educational content (Wikman et al, 2022; NFSA, 2019). Each degree programme curriculum
consists of a verified set of the degree structure and the descriptions of study modules made
up of individual courses set on the European Qualification Network and Finnish National
Framework for Qualifications and Other Competence Modules -frameworks and rely on the
ESG principles (Xamk, 2021a). At Xamk any updates to existing curricula, as well as any
suggestions for new degree programmes, are evaluated by the Pedagogical Management
Team to ensure compliance with these criteria and approved by the Vice Rector. (Xamk,

2021a.)

The teaching staff orientation towards sustainability plays an important role in the extent to
which such topics are included in educational activities. Teaching staff is consulted in writ-
ing the course descriptions and they have the opportunity to suggest changes to existing
curricula. Teaching activities are organized based on course teaching plans that are made by
each course teacher and give more detailed information on the contents and structure of the
course in question. Teaching planning is done annually on a fixed schedule (Xamk, 2021a).
Naturally the teaching plan and its implementation are based on the course description in-
cluded in the relevant degree programme curriculum; however, cooperation with working
life partners and Xamk Research and Development Projects are often integrated in course
contents. The occurrence of sustainable development in curricula has recently been studied
in hospitality management (Komonen and Tuikkanen, 2021) and social services and
healthcare (Eklof and Laanterd, 2021) and based on the results the aspects of sustainable
development are well demonstrated in the evaluated curricula. Similar studies have not yet

been conducted for the School of Technology at Xamk.

Higher Education students already have a pre-existing set of skills and knowledge when they
enter the educational institution. Their personal values and motivation influence their learn-
ing outcome, so the ability of an Institution of Higher Education to enhance societal sustain-
ability transition is not solely dependent on their own activities. Ideally the elements of a
degree programme enhance student motivation to improve sustainability competencies and
increase their knowledge on the aspects of sustainability allowing them to achieve the em-

powerment and engagement of the highest degree of ESD. (Sterling, 2015, 98.)
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5 Materials and Methods

This research focused on the operations that allow the case example educational organization
to enhance sustainability transition by determining the current level of sustainability contents
and identifying improvement potential. The research consisted of identifying elements of
contentual sustainability in the policy guidance, curricula and educational contents that pro-
mote sustainability transition by providing students with the required key competencies and
knowledge on sustainable development. The UN SDG target 4.7. indicators 4.7.1a-c (Statis-
tics Finland, 2022) were used to lay a base for the research phases, which are presented in
Figure 4. These indicators are designed to measure, e.g., the degree of mainstreaming sus-
tainable development contents in educational policy, curricula, teacher education and student
assessment (Statistics Finland, 2022). The stages of Education for Sustainable Development
(Sterling, 2015, 98) and the Learning for Sustainability Core Competence Framework (Pacis
and VanWynsberghe, 2020, 583) were used to aid in the identification of contentual sustain-
ability and competence areas as examples. The theoretical background presented in previous
chapters laid the base for the research by establishing the overall role of higher education in

the sustainability transition.

Thearetical background (literature review)

Guidance for contentual SD at Xamk School of Technology

Interview of School of Technology

Literature review on educational guidance Directors of Education

\ £

Manifestation of contentual SD and KSCs

Curricula analysis

Teaching staff interviews Student survey
(ESD and LfS Frameworks)

N

Baseline for SD and KSCs at Xamk School of Technology

Identified improvement potential

Figure 4. The research phases
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The guidance for including sustainable development contents in educational activities and
the degree in which it is demonstrated in educational policy were studied by a literature
review and a staff interview. The manifestation of sustainable development in curricula was
examined by an analysis of the selected degree programme curricula of the case organization
Xamk School of Technology. The curricula analysis was completed by studying the process
of how these trickle into teaching activities, including the elements of staff skills and student
assessment, using staff interviews and a student survey as data collection methods. All
phases were carried out iteratively. The methodology used in each research phase is ex-

plained in more detail in this chapter.

5.1 Sustainable Development in Educational Guidance

The guidance to incorporate sustainable development contents and key competencies in de-
gree programme curricula and teaching was studied via a literature review on the provided
guidance focusing on the case example organization, and by a thematic group interview of
the Directors of Education of the five departments of the School of Technology presented in
chapter 4. A semi-structured group interview was seen to be likely to reveal aspects that
individual interviews might not (Eskola and Suoranta, 2014). The interview focused on three
separate themes (Table 3) and the interviewees were invited to elaborate on these themes
using guiding questions as basis for the conversation. The interview was initiated by a brief
introduction to the topic to explain the wider context of the interview themes and aims. This
background included a reference to the UN SDG 4 and the indicators set for target 4.7. as
well as the Ministry of Education and Culture commitment to promoting sustainable devel-
opment but did not give a specific definition for sustainable development so avoid directing

the conversation.

The guiding questions listed in Table 3 were designed to help the interviewees to identify
examples of sustainable development as well as the competencies students in their depart-
ments should gain or improve during their studies. Staff competencies and awareness in SD
topics were included in the guiding questions in order to establish the degree and type of

guidance for integrating SD content in teaching and curricula development.
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Table 3. The group interview themes.

Theme Guiding questions
e  What types of skills are, in your opinion, essential for future
Sustainable development in the de- working life on this field?
partment study field e  What concrete example would indicate the importance of SD
in the study programmes of the department and the filed in
general?

e Are department teachers advised to take into account SD in
their work?
e Do teachers bring up initiatives for incorporating SD in their

work?
Department staff skills and aware- e Is awareness or SD skills taken into account in recruiting?
ness on sustainable development e Are teachers encouraged to increase their own SD awareness
or skills?

e How would you evaluate the teaching staff SD skills and
awareness (scale 1-5)?

Incorporating sustainable develop- e Have study programmes been updated in your department and

ment in study programme planning if so, has SD been discussed as a potential theme to incorpo-
rate in study programme planning?

e  What, in your opinion, would be the best way to incorporate
SD in teaching?

Data gathered in the interview was analyzed using qualitative content analysis (Puusa and
Juuti, 2020). The interview themes were used as basis of data grouping and reduction to
allow for more detailed analysis of the meanings represented. These were then listed and

discussed together with the findings of the later phases of the research.

5.2 Sustainable Development and Sustainability Competencies in Technical De-

gree Curricula at Xamk

Xamk degree regulation (2022) identifies Bachelor of Engineering and Master of Engineer-
ing as technical field degrees offered by Xamk, so the evaluated curricula were narrowed to
cover the study programmes resulting in these degrees (Table 4). Double degree programmes
and study programmes not leading to a complete degree were excluded, as were study pro-
grammes in marine technology, as their curricula contains several elements required by leg-
islation and are thus structurally quite different from a typical engineering degree. The de-
gree programmes included in the analyses were grouped by the department and by the degree

programme level and language.
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Table 4. The degree programmes included in the scope of the study. The English translation

of Finnish degree programme names are presented in parentheses.

Finnish degree programmes Finnish degree programmes | English degree programmes

(BEni, 240 CU) (MEni, 60 CU) (MEni/BEni, 60/240CU)

Kyberturvallisuus (Cybersecu- | Information Technology

Kyberturvallisuus (Cybersecurity) rity)

Ohjelmistotekniikka (Software En-
gineering)

Peliohjelmointi (Game programming
Tieto- ja viestintdtekniikka (Informa-
tion technolog)

Logistiikka (Logistics) Logistiikka (Logistics) _

Ympdristoteknologia Ympdristoteknologia (Environ- | Environmental Engineering

iEnvironmental technoloii mental technoloii

Projekti — ja myyntijohtaminen
(Project and sales manage-
ment)

Energiatekniikka (Energy engineer-
ing)

Rakennustekniikka (Construction en-
gineering)

Robotiikka ja tekodly (Robotics and
Artificial Intelligence)

Teollinen puurakentaminen (Industrial
Wood Construction

Biotuotetekniikka (Bioproduct tech- | Talotekniikka (Building ser-
nology) vices engineering)

Sahko- ja automaatiotekniikka (Elect-
rical and automation engineering)
Talotekniikka (Building services engi-

neerinii

The selected degree programme curricula was mapped to identify the courses to include in

the analysis. This was narrowed to cover curricula for students who have begun their studies
between 2018-2021, as these students were expected not to have graduated at the time of the
research and were not in the very beginning of their studies either. In total 20 different degree
programmes (15 Bachelor level and 5 Master level) were included in the analyses. According
to Xamk Peppi (2022), there are currently 2145 students enrolled in these degree pro-

grammes.
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Bachelor’ degree programme of 240 credit units (CU) of the European Credit Transfer Sys-
tem (ECTS) consist of core competence courses and supplementary competence courses
along with a practical training and thesis. As part of the supplementary competence courses,
students are able to select optional study courses based on their personal preferences. These
may be selected from the courses offered by Xamk, but also from the UAS joint portal (Cam-
pusonline, 2022). For Master level engineering studies, 60 CU, students generally have 4-5
core competence courses, and the remaining optional courses are selected from Xamk Mas-
ter School. The analysis was therefore narrowed only to include core competence courses,
and for Bachelor’s degrees further narrowed to only include professional competence
courses, excluding language studies, mathematics, physics and other generic topics (Xamk,
2021a). A total of 572 individual course descriptions were included in the analyses. The
analyses only covered course descriptions, so an interesting topic for a future study would
be to establish how sustainable development is demonstrated as part of students’ practical

training periods or theses.

Qualitative content analysis, as described e.g. by Puusa and Juuti (2020) was used to identify
sustainable development and sustainability competence contents from the analyzed course
descriptions. Key phrases (Table 5) selected based on the stages of Education for Sustainable
Development (Sterling, 2015, 98) and the Learning for Sustainability Core Competence
Framework (Pacis and VanWynsberghe, 2020, 583) were used to aid in the identification of
relevant contents. The key phrase listing was iteratively completed during the analysis. In
absence of an artificial intelligence tool, such as the one used by Metropolia UAS (2021),
the study programme curricula were analyzed manually. This allowed identification of rele-
vant contents, even when it was not expressed using specific terminology, by analyzing the
contentual meanings of the text. The Pappas et al. (2013) application of the Bloom’s taxon-
omy of educational objectives, excluding technical sustainability, was used to help catego-
rize the findings into social and cultural, economic and environmental or overall sustainabil-
ity aspects and the KSC categories used by Wiek et al. (2011, 213) aided categorization of
the identified sustainability competencies, although the competence listing was iteratively
modified to cover problem solving, strategic thinking, systems-thinking and interpersonal
skills, excluding normative and anticipatory competencies, since these proved particularly
difficult to identify from course descriptions. Due to the large variation in describing the
evaluation criteria in the course descriptions the evaluation part was excluded to avoid po-

tential biases caused by this variation.
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Table 5. Key phrase matrix based on the ESD and the LfS Core Competence Framework
(Sterling, 2015, 98; Pacis and VanWynsberghe, 2020, 583).

ESD LfS CCF SD Phrases used to aid analysis
ESD I CONTENTS: VALUES AND COM- LEVEL 1: AWARENESS
SD subject matter, such as eco- MITMENTS: Environmental, social and cultural
logical, economic and socio-cul- | Common good, affinity of | or economic awareness/im-
tural challenges or how they are | life. pacts/risks, safety, security, health,
addressed. Care for self and others. energy efficiency, resource effi-
ciency

ESD II UNDERSTANDING: KNOWLEDGE AND LEVEL 2: UNDERSTANDING

Critical reflection regarding SD | UNDERSTANDING: Economic and political instru-
subject matter, expansion of Systems thinking and fu- ments/decision making
thinking towards systemic un- ture thinking. Responsibility
derstanding. Engagement. Awareness of the state of | Circular economy

the planet. Life cycle thinking

ESD III EMPOWERMENT: SOCIAL SKILLS AND | LEVEL 3: EMPOWERMENT

Capacity building, holistic con- | AGENCY: Sustainability,
tent view, creative engagement. | Modeling of sustainable Leadership for global citizenship
behavior and SD

Implementing change.
Wise, compassionate deci-
sion making

The identified sustainable development of sustainability competence contents for each study
programme were listed and coded to be able to identify the degree programme curriculum
they appeared in. The qualitative content analysis consisted of steps of grouping the listed
content according to the aspect of sustainable development or the key competence they rep-
resented while excluding irrelevant findings, such as the iteratively excluded evaluation cri-
teria, and reducing the data to a listing of relevant key expressions. This allowed for presen-
tation of the number of occurrences in relation to the number of analysed courses for each
study programme curricula as well as further analysis of the types of contents found. Courses
with the highest numbers of related content occurrences were used to identify teaching staff
to be invited to be interviewed in the next research phase, since it was seen most likely

teachers of such courses would have insights on including sustainability topics in teaching.
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5.3 Sustainable Development Actualization in Teaching and Learning

According to Koskinen et al. (2005), interviews allow gathering data on the meanings and
interpretations people have on the studied phenomenon. Lecturer interviews were used to
gather data about how sustainable development topics and competencies are taken into ac-
count in formulation of teaching plans and actualized in teaching, how teacher education
facilitated teaching related topics and how teachers are guided to incorporate sustainable
development and sustainability competencies in their teaching. The interviewees were se-
lected from those lecturers appointed to teach courses with content occurrences identified in
the previous research phase, since they were expected to have insights on the topic. The aim
was to interview teaching staff from all the of the included degree programmes. Typically,
a lecturer in involved in teaching students of all the relevant degree programmes in their
department, so the number of interviews isn’t the same as the number of degree programmes.
Not all those invited were able or willing to be interviewed, so a total of eight teaching staff
interviews were carried out with at least one lecturer from each of the departments inter-

viewed.

The interviews were carried out as semi-structured thematic interviews around themes of
sustainable development in the study field, teacher skills and awareness on sustainable de-
velopment and incorporating sustainable development in teaching and teaching planning.
The guiding questions used under the themes were designed to reveal the interviewees
thoughts on the concept of sustainable development and their perceptions on the guidance
they have received in integrating SD content in their teaching. Teaching staff was also en-
couraged to share examples of how sustainable development is manifested as part of the

topics they teach.

Similarly, to the interview of the Directors of Education, the data was analysed using quali-
tative content analysis (Puusa and Juuti, 2020) to reveal the key findings. Limitations of
interviews as data gathering method include possibility of the interviewee giving responses
they feel are expected (Puusa and Juuti, 2020). This possibility is emphasized, when the
interviewees were discussing topics that may also be seen as criticizing their employer or
colleagues. The interviews were therefore analysed in a manner that allowed presenting the

results anonymously. Data was reduced using the presented themes and interviewee
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responses grouped under these themes. Quotes representing the most interesting findings

with regard to the research question were listed and contextualized (Brinkman, 2013).

The student viewpoints on the manifestation of sustainable development contents and sus-
tainability competencies were studied using a digital survey as a data collection method. The
survey link was delivered to the students in the degree programmes included in the curricula
analyses that had begun their studies in years 2018 - 2021. The survey used three different
forms to allow for both Finnish and English language versions as well as differentiating
between Bachelor’s and Master’s degree programme students of the degrees offered in Finn-
ish. A total of 65 Finnish Bachelor’s degree programme student groups and 9 groups study-
ing in the English Bachelor’s degree programmes as well as 13 groups in the Finnish Mas-
ter’s degree programmes were sent the link to the survey. Since students complete their de-
grees at very variable paces, the group sizes varied significantly, which was one of the rea-
sons for not utilizing statistical analysis methods. Survey questions (Appendix 1) were de-
signed to reveal student perceptions on the development of the Key Sustainability Compe-
tencies during their studies, the occurrence of the aspects of sustainability in the courses they
has completed and the importance of such topics in relation to their careers. An open-ended
question allowed students to express their thoughts on how sustainable development related
content could be increased in their study field education. The main aim was to identify ex-
amples of relevant contents and student perception on the importance of sustainable devel-
opment on their study field, so the data was analysed qualitatively. This allowed the respond-
ents a higher degree of anonymity since there was no need to gather data on background
variables that may have resulted in identification of respondents. The quantitative data from
the digital survey platform was used to discuss the degree of perceived importance and the

open-ended question results were subjected to a qualitative content analysis.
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6 Results and Analysis

The different research phases were designed to reveal the current situation on how sustaina-
ble development contents, including both the content directly increasing awareness on the
aspects of sustainability and content promoting the development of the Key Sustainability
Competencies, are manifested in the educational guidance, curricula, teaching and learning
at Xamk School of Technology. The findings from the literature review, degree programme
curricula analyses, staff interviews and student survey results are presented in more detail in
this chapter, along with some recommendations based on the results and some discussion on

the research limitations.

6.1 Sustainable Development in Educational Guidance at Xamk

The literature review allowed to establish the factors considered when updating or creating
curricula content. The frameworks used to describe and evaluate educational content at
Xamk are the European Qualification Framework and the Finnish National Framework for
Qualification and Other Competence Modules (Xamk, 2020, 4). The guidelines for creating
curricula specify certain courses to be included in all Bachelor’s degree curricula (e.g., re-
search and development skills, communication, and language studies) and refer to the rec-
ommendations for competencies set by Arene (Xamk, 2020). This indicates that sustainable
development will be one of the content areas of future curricula development work once the
updated recommendations (Arene, 2022, 5) are integrated in the guidance. This development
confirms the multi-level perspective view of education for sustainable development, as the
landscape level policy guidance is under pressure by the identified regime changes (Geels,

2002, 1260) and vice versa.

Each department Director of Education was convinced aspects of sustainable development
are included in teaching in their department, although the primary aim of the educational
activities was seen to be increasing professional competencies. Since sustainable develop-
ment was not a guiding theme in the latest curriculum revision, it was not expected to be
strongly included in the degree programme curricula. The occurrences were expected to be

included thanks to the staff members that were enthusiastic about the topic and motivated to
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include it in the course descriptions when they were last updated. This could also be seen as
a niche level activity (Geels, 2002, 1260) that might eventually cause a more widespread
change. The urgency for advancing in the transition; however, suggests a more active ap-

proach should be taken.

The interviewees perceived the teaching staff skills and awareness on sustainable develop-
ment to be on a fairly good level in all departments of the School of Technology, indicating
both recognition of existing skills on one hand and potential for improvement on the other.
The most often referred to individual topics were environmental issues, particularly climate
change related themes, but also other aspects of sustainability were identified after some
discussion on the meaning and extent of the concept. This reflects how sustainable develop-
ment is still communicated mainly as an environmental issue. The polarization of the exper-
tise on sustainability topics was seen as a potential risk by the interviewees. Staff members
who are interested and motivated will increase such topics further, whereas those not partic-
ularly interested will justify not including them at all by someone else already covering them
sufficiently. This contradicts the idea of all technical professions requiring some degree of
sustainability competencies as well as awareness on sustainable development and particu-
larly sustainability challenges and risks the equal treatment of students. Even if polarization
of expertise was seen as a risk, teaching staff isn’t systematically guided to include sustain-

ability aspects in their work, which is a clear improvement area.

A repeating theme during the Director of Education interview was if sustainable develop-
ment and sustainability competencies really are a separate skillset, or something that should
be imbedded in every staff member’s professional competency and provided to students as
such also. This is in line with how Pacis and VanWynsberghe (2020) call for a large-scale
habit change simultaneously on several fronts. This theme was reflected in the discussion
about the best method for measuring the degree of sustainable development and sustainabil-
ity competence manifestation in degree programme curricula contents. The idea of measur-
ing sustainable development or sustainability competencies independently from other as-
pects of educational activity performance evaluation was seen as a step in the wrong direc-
tion, as this may result in mere adding of a sufficient amount of suitable terminology in
curricula, not actual enhancement of education for sustainable development. The key in the
actual enhancement is in teaching staff motivation, skills and competencies, so they may

identify themselves as agents of the sustainability transition (Koistinen, 2019, 27).
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It was commonly agreed that promoting education for sustainable development would call
for clarification of the used terminology within the organization. The commissioning organ-
ization should consider establishing a sustainability policy, that includes definitions for the
key terminology in the Xamk organizational context. Each department could then use the
same definitions as a basis of the guidance given for curricula updates and each staff member
would easily identify the organizational commitment to the enhancement of sustainable de-
velopment. The importance of documenting uniformly defined terminology was underlined
by the idea of considering sustainable development awareness and competences in recruit-
ing. Currently they are only considered, when these are a clear part of the new employee’s
course tray. It was agreed that including sustainable development awareness in recruitment

criteria would call for commonly agreed on indicators and definitions.

Sustainable development topics are increasingly presented in the development of each field,
and percolate from working life requirements to the teaching contents, but a question was
risen about if teaching staff should be encouraged to give it more emphasis. The best way to
achieve this was seen to be through increasing teaching staff understanding and awareness
of sustainability challenges and potential solutions to them, ideally as part of the professional
competencies of the field. Career and study planning, one of the courses mandated to be
included in all Bachelor’s degree programmes, could include discussion of how sustainable
development is manifested in the types of tasks the students are likely to work with during
their careers, but leaving the topic to be part of the generic course was seen to cause a risk
of inflation of importance also. The competency recommendations made by Arene (2022)

should be manifested throughout studies, not left as disconnected content.

The transition to a sustainable society calls for professionals with the competencies to en-
hance adaptation of sustainable technologies and awareness of the consequences of the de-
cisions they make. Currently guidance to include sustainability topics in teaching at Xamk
school of technology is relatively weak, as the inclusion of such topics is not presently re-
quired in the documented guidance for curricula development or teaching implementation,
and the teaching staff is left to freely decide if they wish to include such contents in teaching.
Rather than mandating sustainability contents in all teaching, teaching staff should be moti-
vated to identify the aspects of sustainable development related to the topics (i.e., the pro-
fessional competences) they teach. The updated competence recommendations (Arene,

2022) are likely to cause a need to include sustainable development more systematically in
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curricula, however, teaching staff should be provided with the means to adequately increase
their own skills for the update to be truly effective and actualized in teaching and, through

teaching, student competencies.

6.2 Sustainable Development and Sustainability Competencies in Technical De-

gree Curricula at Xamk

The course description analysis indicated that topics of sustainable development and sus-
tainability competencies are included in curricula even if seldomly titled “sustainable devel-
opment” or even any directly linked term (Table 6). Approximately 28% (161/572) of the
analysed course descriptions included occurrences of one or several of the contents mani-
festing sustainability as one of the aspects of sustainability or a sustainability competence.
The majority (85%) of these were characterised as level 1 findings on the three-level scale
from awareness to empowerment (Sterling, 2015, 98; Pacis and VanWynsberghe, 2020,
583), so technical degree programme curricula still have improvement potential in support-
ing overall sustainability transition and providing those planning and implementing educa-
tion according to the course descriptions tools to help students build their sustainability com-

petencies towards understanding (level 2) and empowerment (level 3).

Table 6. Categorization of the sustainability contents identified in the analyzed course de-

scriptions. NOTE: some aspects listed under more than one category.

Social and cul- | Ecological Economic Overall sustaina-
tural (35 occurrences) (43 occurrences) bility (listed un-
(72 occurrences) der several cate-
gories)
LEVEL 1: AWARE- | security, energy efficiency, | revenue logics, sustainability
NESS safety, waste, business responsi-
(85% of the findings) | information se- | environmental as- | bility, responsible | aspects of sustain-
curity, pects, business prac- ability
privacy, environmental tices,
data integrity sustainability, economic effi- principles of SD
and availability, | resource effi- ciency,
cultural aspects, | ciency, cost level impacts,
occupational environmental im- | resource effi-
safety/health, pact, ciency,
public health, climate change, economic and en-
environmental environmental vironmental as-
and health haz- | know-how in pects,
ards, business,
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health risks
caused by pollu-
tion,
environmental
and health risks,
operational
safety

emission reduc-
tion,
environmental
monitoring,
environmental
concerns,
environmental
problems,
environmental
risks/hazards,
contaminants in
the environment,

environmental
know-how in
business,
economic aspects
of emission re-
duction,
profitability of re-
newable energy

ment,
environmental
awareness,
environmental
policy and eco-
nomic guidance
mechanisms

management as
part of organiza-
tional manage-
ment,
environmental
policy and eco-
nomic guidance
mechanisms,
economic feasibil-
ity/aspects,

life cycle costs,
safety and eco-
nomic perfor-
mance

environmental

safety
LEVEL 2: UNDER- safety and eco- | environmental product LC re- sustainable re-
STANDING nomic perfor- management as sponsibility, source use via CE
(14 % of the findings) | mance part of organiza- financing models,

tional manage- environmental changed require-

ments due to SD

responsibility

LEVEL 3: EMPOW-
ERMENT
(1% of the findings)

responsible self-
management

Koistinen (2019, 12) claims the role change agents play in the sustainability transition should
be put more emphasis on. The agency can only be formed through awareness, increased
understanding and empowerment, so designing education in a way that enhances these is
incremental. Engaging and empowering students allows them to see beyond the direct per-
sonal benefits (Geels, 2011, 25) and become actors in the overall societal changes (van der
Leeuw, 2018), so the mere occurrence of some sustainable development content or compe-
tence is not a satisfactory achievement. The curricula changes should be actively guided to
include more content aiming at elevating education to providing level 2 (understanding) and

level 3 (empowerment) contents.

Figure 5 presents the number of different sustainability content occurrences as a percentage
of the total findings for each department. The findings for each department are presented in

more detail in Appendix 2. It should be noted that the total occurrences also include key
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competence occurrences, which explains why the percentual fractions for each aspect do not
add up to a 100%. There was some variation in how elaborately course descriptions were
presented, which naturally influences the results. Comparisons between departments and de-
gree programmes should be avoided, since there is a large variation in the number of courses
analysed and naturally the aims of degree programmes vary also. It should also be noted that
some of the mentions were categorized to more than one category, as they did not represent
only one aspect of sustainability, e.g. “principles of sustainable development” was catego-

rized to all three categories.

Social & Cultural 5D Environmental SD  =———Economic 5D

Information Technology
45 Saocial and cultural 35%
0 Environmental 4%
Economic 2%
35

Electrical Engineering, Building
Services and Material 15 Logistics and Marine Technology

Technology Social and cultural 29%

Environmental 24%

Social and cultural 25% Economic 35%

Environmental 18%
Economic 35%

Construction and Energy Forestry and Environmental
Engineering Engineering

Social and cultural 45%

Environmental 7%

Economic 24%

Social and cultural 45%
Environmental 32%
Economic 20%

Figure 5. Number of SD occurrences in the analysed course descriptions as a percentage of
total occurrences in each department. Note: the total occurrences include both KSCs and SD

aspects, only SD are presented here.

As seen in Figure 5 the social and cultural aspect of sustainability was most often (72 in 572
courses) mentioned in the analysed course descriptions. There was variation between depart-

ments on the emphasis of different SD content, but social and cultural SD content was the
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most often mentioned in three of the five departments. The total number of sustainable de-
velopment content, 150 in 572 courses, reflects the potential to increase sustainable devel-
opment content in curricula; however, course descriptions only reveal what the planned con-
tents and study objectives for each course are. Measuring the degree of sustainable develop-
ment in education should therefore not be left solely to calculating the number of occurrences
of selected terminology or even contentual meanings in curricula. This concurs with the
finding of Korhonen-Kurki et al. (2020, 23) on mere curricula SDG mapping not revealing

the actualization of SD themes.

The selected Key Sustainability Competencies occurred in the analyzed course descriptions
49 times, which seems very low for the total number of course descriptions analyzed (572).
This may reflect poor selection of key phrases more than low occurrence of the competen-
cies, but also the fact that many of the competencies may not be included in the course de-
scriptions simply because they are perceived too obviously included to be specifically men-
tioned. For example engineering typically involves problem solving, and UAS studies com-
monly seek to enhance interpersonal skills. The most often demonstrated key sustainability
competence was interpersonal skills (24/49 occurrences) followed by problem solving skills

(18/49 occurrences) as presented in Figure 6.

problem solving
37 %

interpersonal skills
49 %

Strategic thinking
8 %
systems thinking
6 %

Figure 6. The fractions of the key sustainability competence occurrences in the analysed

course descriptions as a percentage of total KSC occurrences.
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A potential improvement to consider in the next curricula development would be to investi-
gate the possibility of including aspects of sustainability in the course description evaluation
process, similarly as the quality evaluation. The Pappas et al. (2013, 56) application of the
Bloom’s Taxonomy of Educational Objectives could provide a good reference for curricula
development and facilitate more content on levels 2 (understanding) and 3 (empowerment)

in the future.

6.2.1 Department of Information Technology

The Department of Information Technology degree programmes included in the curricula
analysis were the Finnish and English Master’s degree programmes on Cybersecurity, the
English Bachelor’s degree programme in Information technology and the Finnish Bachelor’s
degree programmes in Cybersecurity, Software engineering, Game programming and Infor-
mation technology. SD or KSCs mentions were made in 22% (43/194) of the analysed
courses with social and cultural aspects of sustainability being mentioned most often (16/43
mentions) and the most commonly occurring KSC being interpersonal skills (13/43 men-

tions). A few examples are listed in Text box 1.

“What are the components of a modern energy-efficient data center?”
“What are the security needs in a modern society?”’

“You learn teamworking skills”

Text box 1. Some examples of the course description contents identified to manifest aspects

of sustainability or KSCs in the Department of Information Technology

Cybersecurity is offered as Bachelor’s and Master’s level degree programmes. According to
Xamk (n.d.d.) the foci is on information security from a strategic viewpoint, which was
clearly reflected on the identified KSCs (strategic thinking, interpersonal skills) as well as
the occurrence of social and cultural aspects of sustainable development (e.g., security, in-

formation security). Similar findings on SD aspects was made also in turn of the software
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engineering degree, but the emphasis in KSCs was on problem solving and interpersonal
skills. Information technology degree programme offers themes of networking, data centers
and Internet of Things (IoT). The competencies developed in this degree programme, in
addition to the technical field specific skills, include project management and networking
(Xamk, n.d.d.), which are clearly reflected in the occurrence of problem solving and inter-
personal skills in the curricula. Energy efficiency and security were the dominant of sustain-
able development topics mentioned. Game programming degree programme curricula
demonstrated emphasis on problem solving skills, systems-thinking and interpersonal skills.
In addition to information security, the course descriptions also contained aspects of cultural

and economic sustainability.

6.2.2 Department of Logistics and Marine Technology

The logistics degree programmes (Master and Bachelor level) were included in the analysis
since degree programmes in Marine technology were excluded from the scope of the study.
Including these would make an interesting topic for a further study. Some examples are pre-
sented in Text box 2. The types of mentions in these degree programme curricula manifested

not only level 1 (awareness), but also level 2 (understanding) and 3 (empowerment) contents.

“What are the environmental effects of logistic functions?”
“You are familiar with the key principles of business management and corporate responsibility.”

“How ITS systems can support logistics processes and society,
particularly sustainability?”

Text box 2. Some examples of the course description contents identified to manifest aspects

of sustainability or KSCs in the Department of Logistics and Marine Technology

The results confirm the information given about logistics engineering degree programmes
(Xamk, n.d.d.), as these degrees programmes provide students with a wider perspective on
processes and the contextual process requirements and are in line with the requirements of

technical sustainability as presented by Pappas et al. (2013, 55).
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6.2.3 Department of Forestry and Environmental Engineering

The degree programmes in Forestry were excluded from the scope, as they are do not result
in technical degrees, so only the English Bachelor’s degree programme in Environmental
Engineering and the Finnish degree programmes in Environmental Technology (Bachelor
and Master levels) were analyzed in part of the Department of Forestry and Environmental

Engineering. Some examples of SD content are given in Text box 3.

“You know the current state of the environment...”

“You’ll study means to describe, estimate and minimize environmental health burden and costs...”

“You understand circular economy as a tool for achieving sustainability...”

Text box 3. Some examples of the course description contents identified to manifest aspects

of sustainability or KSCs in the Department of Forestry and Environmental Engineering

Over half (42/71) of the analysed courses contained mentions of SD or KSCs. Interestingly
enough, social and cultural aspects of sustainability dominated in these degree programme
course descriptions also, even if the topic would suggest more emphasis on environmental
sustainability contents. This may be due to the environmental health emphasis of the Envi-
ronmental Technology degree programmes (Xamk, n.d.d.). Some course descriptions con-
tained level 2 (understanding) sustainability content, such as sustainable resource use via

circular economy

6.2.4 Department of Construction and Energy Engineering

The Bachelor’s degree programmes of Energy Engineering, Construction Engineering, Ro-
botics and Artificial Intelligence and Industrial Wood Construction as well as the Master’s
degree programme in Project and Sales Management were analysed from the department of
Construction and Energy Engineering, and 20% (28/140) of the analysed courses contained
mentions of SD or KSCs, with social and cultural sustainability once more being the most

often mentioned (Text box 4.).
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...”analyze the energy efficiency of renewable sources.”
“What is the practical implementation of the occupational safety organization”...
“Life-cycle costs”

“You know how to act as both a member of a project team and a responsible project manager.”

Text box 4. Some examples of the course description contents identified to manifest aspects

of sustainability or KSCs in the Department of Construction and Energy Engineering

According to Wikman et al (2022, 22), there is a clear increase in skills of life cycle thinking,
carbon balance calculations and environmental certification in the construction sector. In the
energy sector requirements for systems-thinking skills are increasing (Wikman et al. 2022,
24). These were quite well represented in the analysed course descriptions, with mentions of
life-cycle costs, energy efficiency perspective and the changed requirements caused by sus-
tainable development being mentioned. Problem solving, systems-thinking and interpersonal

skills were identified as the KSCs promoted in these degree programmes.

6.2.5 Department of Electrical Engineering, Building Services and Material Tech-
nology

The department of Electrical Engineering, Building Services and Material Technology de-
gree programmes in Bioproduct Technology, Electrical and Automation Engineering and
Building Services Engineering (Bachelor’s and Master’s levels) were included in the anal-
yses. 25% (32/129) of the analysed courses contained mentions of SD or KSCs, economic
aspects being the most often mentioned. Some examples are presented in Text box 5. Oc-
currences of all the named key competencies were found in the course descriptions analysed

for this department.
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“You take sustainable development principles and client objectives into account.”

“What are the safety requirements for handling chemicals, considering their harmful chemical and physi-
cal properties to health and environment?”’

...”you can balance heat distribution to meet the requirements of good thermal comfort and energy effi-
ciency in buildings.”

Text box 5. Some examples of the course description contents identified to manifest aspects
of sustainability or KSCs in the Department of Electrical Engineering, Building Services and

Material Technology

Bioproduct technology course descriptions included a versatile tray of sustainable develop-
ment topic ranging from environmental impacts and awareness to safety, resource efficiency
and economic aspects. This complies well with the degree programme description empha-
sizing the sustainable use of natural resources (Xamk, n.d.d.). Electrical and automation en-
gineering degree programme description (Xamk, n.d.d.) emphasizes energy efficiency and
planning, which are presented in the analysed course descriptions as safety and economic

aspects, as well as the systems-thinking and interpersonal skills.

Interpersonal skills were also emphasized in the building services engineering course de-
scriptions along with the theme of energy efficiency. Principles of sustainable development
were also mentioned giving a rare example of the term being used in course descriptions.

Energy efficiency and carbon neutrality are at the core of the degree programme descriptions
also (Xamk, n.d.d.).

6.3 Sustainable Development Actualization in Teaching

The teaching staff was asked to give an example of how sustainable development is mani-
fested in their field, without specifying any aspect of sustainability or giving the interviewees
a definition for sustainable development. The responses (see examples in Text box 6) indi-
cate that field specific sustainability topics are identifiable in enough detail for them to be

utilized as a basis for curricula development and teaching implementation.
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“Energy efficiency is taken into account in everything.”

“Climate change mitigation, but also other emission control.”

“Social inclusion.” “Zero tolerance on inappropriate behaviour.” “Code of conduct.”
“Holistic planning, taking into account all aspects of sustainability.”

“Circular economy, resource efficiency, zero waste and cradle to cradle -thinking are becoming more and
more widely discussed topics.”

“Operational “code of conduct”, e.g., waste separation practises.”

“Product recyclability and resource efficient production are getting more attention.”

“Energy efficiency in a manner that does not cause health risks.”

“Changes in the energy system increase pressures for energy efficiency and renewable energy”
“Carbon neutrality commitments cause need to change behaviour”

“The costs of changes caused by sustainability transformation”

“The trade-off between economic and ecological sustainability driven decisions.”

Text box 6. Some field specific examples of sustainable development revealed in teaching

staff interviews

Including these field specific sustainability issues in degree programme learning objectives
in the context of overall sustainability would allow students to understand their role in the
sustainability transition more tangibly and potentially empower them to develop their sus-
tainability competencies further:

“Sustainable development awareness is a side product of technical content

teaching, not the main objective.” (An interviewed teaching staff representa-
tive, 2022)

This concurs with the recommendation already made about not adding sustainability as a
disconnected topic, possibly in a generic course, but helping each course teacher identify the
sustainability content as an integral part of each course content and as part of the professional
competencies each course aims to build. Connecting such examples to the wider context of
sustainability (e.g., with the help of the SDG matrix), would allow students to develop their
sense of empowerment by developing their understanding and allowing the type of mind-set

change (Koistinen, 2019, 27) called for sustainability agency formation.
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The most often mentioned sustainability issue (Figure 7) was related to the energy system
and the intensifying energy efficiency requirements, which was to be expected as fields of
construction, building services and energy technology are all exposed to significant pres-
sures for increased energy efficiency and logistics as a field is similarly going through an
energy transformation. More generally resource efficiency is a timely topic, especially since
the limitedness of resources has been made so tangible by the supply chain disruptions
caused by the Covid-19 pandemic, so it is not surprising this was the second most commonly

mentioned topic.

ENERGY EFFICIENCY AND RENEWABLE ENERGY
CIRCULAR ECONOMY AND RESOURCE EFFICIENCY
HOLISTICAPPROACH

WORKING LIFE REQUIREMENTS

WASTE REDUCTION, EMISSION CONTROL

SOCIAL ASPECTS OF SD

LEGAL REQUIREMENTS AND INSTRUMENTS

CLIMATE IMPACTS

NEW TECHNOLOGIES AND PRODUCT REQUIREMENTS

COSTS OF SD DRIVEN CHANGES

Figure 7. Aspects of sustainable development most often included in teaching staff examples

(number of mentions in § interviews)

The interviewed teaching staff was not given information about the identified Key Sustain-
ability Competencies used as a basis of the curricula analyses, so the extent to which these
arose during the interviews is likely to represent their perceptions on their importance. Ho-
listic approach, systems-thinking and a life-cycle approach were all mentioned while the
interviewees explained the field specific sustainability examples, which would underline the

true importance of such competencies in technical fields and confirm the importance of
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adopting the comprehensive approach framework of generalism, holism and holarchism sug-
gested by Willamo et al. (2018, 2). The necessity of incorporating sustainability competen-
cies in education (Rieckmann, 2012, 129) was also echoed in how the initiatives for sustain-
able development projects arise most often from working life partners, although some inter-
viewees also mentioned student motivation and interest as the initiator for course assign-
ments, projects or theses related to sustainable development. Many interviewees shared the
opinion of the best way of increasing student awareness on sustainable development being
though a working life related assignment or project, particularly the type that would be
closely related to their personal experiences. These were seen the most effective way of
engaging students into realizing the influencing potential they possess as future professionals
and reflects the highest level of the LfS Core Competence Framework (Pacis and
VanWynsberghe, 2020, 583) as well as the empowerment (ESD III) level described by Ster-

ling (2015, 98), which were used as the basis for the curricula analyses.

As established by Alm et al. (2021), work-integrated learning projects enhance learning and
deepen understanding about SDGs, so increasing the opportunities for these, as the results
suggest, is likely to enhance both meeting the societal expectations and needs of sustainabil-
ity competencies as well as enhancing student learning and understanding on the importance
of sustainability as part of their professional competencies. The existing model of develop-
ment forums organized to address student concerns about teaching could be extended to
cover working life partners also, and the aspects of sustainable development and sustaina-
bility competencies included in such development forums. Periodical events for regional
cooperation partners might provide a forum for a more systematic review on the current
working life competence requirements and open a new platform to create contacts between
teaching staff and working life representatives. Along with helping teaching staff to identify
field specific sustainability issues, these events might act as drivers for the cooperation part-

ners to enhance their action towards more sustainable practices.

Personal interest was the most common driver for seeking to increase teaching staff sustain-
ability skills and knowledge. It should be noted that the interviews were based on personal
decisions, so it is likely that there was a stronger than average interest in sustainability topics
among the interviewees. Coupled with the question of what type of support lecturers have
had, or would have wished for, in improving their personal sustainable development

knowledge and in integrating sustainable development topics in their teaching, the results
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indicate that those members of the teaching staff that are interested in sustainable develop-
ment topics have found ways to increase their own knowledge and skills on the topic without
organizational guidance. From a Multi-Level Perspective (Geels, 2002, 1260) viewpoint this
indicates that the landscape level guidance does not automatically translate into regime
changes, even if individual actors are motivated to drive the change. Once again, the large-
scale habitual change calls for large scale action on all levels, which can only be achieved if
enough actors are involved. Thus, leaving the decision up to individual actors, is not likely

to promote the transition.

The use appropriate terminology in the correct meaning was a concern for many of the in-
terviewees, as highlighted by the following quote:
“It’s likely that many teachers actually do include sustainable development
themes in teaching, not realizing that that is what they do. Use of terminology

makes one of the challenges.” (An interviewed teaching staff representative,
2022)

This confirms the findings of the previous research phase and highlights the importance of
documented, commonly defined terminology. Understanding and using correct terminology
was seen as a common improvement area, and access to more formal training on the topic
was seen as a possibility to alleviate this concern. Participating seminars, courses, or work-
shops as well as conversations with colleagues were mentioned as the most efficient methods

for increasing sustainable development awareness among teachers.

Organizing a “benchmarking club” around the theme of sustainable development might offer
teachers a channel for sharing their views and experiences on teaching sustainability topics,
especially if coupled with a platform for sharing educational contents, such as assignment
examples and lecture material, and good information sources. A similar model already works
for enhancing digital pedagogic skills. This would allow for all the good practises to be more
widely adopted in teaching and provide a forum for establishing a uniform level of under-
standing throughout the School of Technology teaching staff. Naturally the successful im-
plementation of such a model would also require allocation of resources for this type of
work. The “sustainability benchmarking club” could even be extended to allowing teachers
to participate courses on entirely different fields of study to expand their viewpoints on the
versatility and multidimensionality of sustainability challenges and exposing oneself to the

role of a student would also help improve pedagogical skills more generally. The idea of a



55

holistic, multidimensional approach was a frequently mentioned theme in the interviews and
well condensed in the following quote:
“Sustainable development as a concept is multidimensional, so one should not

expect to be able to teach it one-dimensionally.” (An interviewed teaching staff
representative, 2022)

An important aspect of increasing teaching staff skills is the measurement of the efficiency
of the action taken. A systematic baseline evaluation on the competence needs in relation to
the teaching contents would reveal the competence gaps and another review after the selected
action is taken to fill the gap would reveal the effectiveness of the action and potential need
for alterations. This would also be an interesting topic for further research.
“Xamk should take a stronger role in ensuring sustainable development is in-
corporated in teaching, beginning from educating the teaching staff and testing

effectiveness of the action taken.” (An interviewed teaching staff representa-
tive, 2022)

According to several interviewees, an important aspect of education for sustainable devel-
opment is providing students with tools to influence the current operational models:
“What is the overall importance of buildings on climate change and how is the

studied topic linked to this big picture?”” (An interviewed teaching staff repre-
sentative, 2022)

“Giving students a larger perspective and allowing them to understand how
their actions as individuals or professionals influence the big picture.” (An in-
terviewed teaching staff representative, 2022)

Ideally providing students the tools for influencing sustainability challenges as part of their
professional competencies will empower them to take action not only during their studies,
but throughout their professional careers. This could be achieved if more empowerment en-
hancing content (Sterling, 2015, 98; Pacis and VanWynsberghe, 2020, 583) was included in
their studies. The problem of measuring learning outcomes and the competence formation
can only be solved after there is consensus on the terminology used to describe the concepts
and instruments for competence development are developed (AdomBent et al., 2014, 5). The
effectiveness of competence building teaching activities can truly be measured once the
graduates put these in use in working life. The manifestation of sustainable development
topics and competencies in working life activities should be studied to truly establish how

successfully these have been promoted in their studies.
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Another interesting topic for further research would be to interview the staff members that
participated writing the course descriptions to better understand their motivation for includ-
ing the sustainable development and Key Sustainability Competencies mentions that were

identified in the curricula analysis.

6.4 Student Perceptions on Sustainable Development Contents in Their Studies

The aim of the student survey was to identify potential instruments for including sustaina-
bility aspects in the technical degree programme curricula and teaching implementation as
well as to better understand the perceived importance and current level of addressing sus-
tainability topics in teaching. A total of 169 responses were given by the students in the
selected student groups leaving the response rate very low (about 8%). This can indicate that
students don’t perceive the topic interesting or important enough to take the time to respond
to a survey, but a more likely reason is that the number of surveys students are exposed to
has diminished their appeal. For more reliable results, selected student groups should also
be interviewed, or some other data collection method used to gather more representative data
on their perceptions. The numbers of respondents for each degree programme are listed in
Appendix 1. Even with the low response rate, the number of responses can be seen sufficient

for a qualitative analysis and for the purposes of this study.

The respondents felt their studies have increased their problem-solving competencies
(97/169 respondents) as presented in Figure 8, and problem-solving competence was also
selected as one of the most important competencies for the respondents’ future careers (Table
7). Ecological sustainability was perceived the most often manifested aspect of sustainability
(Figure 9), which contradicts the finding of social and cultural sustainability being the most
often included in the course descriptions. The main aim of the survey was to identify student
views on the ways in which aspects of sustainable development are included in their studies,
or how they could be included in them more, and the open-ended questions provided some

insights on these. The responses were analysed using qualitative content analysis.
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0% 10% 20% 30% 40% 50% 60% 70% 80%

SYSTEMS-THINKING

NORMATIVE SKILLS

ANTICIPATORY SKILLS

STRATEGIC SKILLS

INTERPERSONAL SKILLS

PROBLEM-SOLVING COMPETENCIES

NONE OF THE ABOVE

SOME OTHER SKILL (WHICH?)

I DON'T KNOW

® English programmes (n=15) ® Finnish Master's degree students (n= 24)
® Finnish Bachelor degree students (n=130)

Figure 8. Respondents’ views on the competencies and skills developed during the studies
(Question 3.) presented as a percentage of respondents in each response group. Other skills
and competencies mentioned were self -direction and management, creative thinking, re-

porting skills, computer skills, mathematical skills, and logical thinking.

Table 7. Median values (scale 1-5, with 1 very low and 5 very high importance) for the

perceived importance of the listed skills in terms of future careers (Questions 10 and 11).

English degree pro- | Finnish Master's Finnish Bachelor’s
gramme students (n= | degree students degree students
15) (n=24) (n=130)

Problem solving skills

Systems thinking

Interaction and teamworking skills
Strategic thinking
Language skills
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Occupational health and safety 4 4 5
Environmental awareness 5 4 5
Economic efficiency 4 4 4
Cultural aspects 4 3 3
Energy efficiency 4 4 5
Life cycle costs 4 5 5
Management skills
Well-being at work
Self-appreciation
Resource and mate-
rial efficiency
work planning,
avoiding unnecessary
travel.
Risk assessment | “Life-cycle costs not
Other than the listed (Q 11) Creative thinking Management skills included at all”

FINNISH BACHELOR DEGREE STUDENTS (N=130)

FINNISH MASTER'S DEGREE STUDENTS (N=24)

ENGLISH PROGRAMMES (N=15)

0 0,5 1 15 2 25 3 3,5 4 4,5

m Economic Social and Cultural  m Ecological

Figure 9. The median value of the respondents’ views on how much (scale 1-5, with 1 very
little and 5 very much) the aspects of sustainability have been included in their studies pre-

sented as the median answer for each respondents group.

6.4.1 Finnish Bachelor’s Degree Students’ Views

Examples of ecological sustainability were the most frequently mentioned by the Finnish
Bachelor’s degree respondents (Figure 10) including mentions of specific courses or lectur-
ers and topics. Some mentioned the examples were from optional course they had selected

based on their own interest and several mentioned that sustainability had not been included
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in their studies at all, or only mentioned briefly. The examples included many similar topics
as highlighted in the previous study phases, namely energy efficiency and the use of renew-
able energy, climate change, material efficiency and resource efficiency. For social and cul-
tural aspects, the examples expressed the importance of international cooperation and how
social sustainability is put in practise by equal treatment of students. Economic aspects in
construction, material selection, energy system selection, energy efficiency, use of natural
resources, business perspective, and procurement were given as specific examples of eco-

nomic sustainability included in the respondents’ studies.

SPECIFIC EXAMPLE TOPICGIVEN

SOME MENTIONS AS PART OF STUDIES

MOST OF THE STUDIES

ON A PARTICULAR COURSE/COURSES/BY SOME
TEACHER

ON OPTIONALSTUDIES

NOT AT ALL/ ONLY A FEW MENTIONS

0 5 10 15 20 25

® Economic (n=35) Social and cultural (n=25) ® Ecological (n=62)

Figure 10. Grouping of the examples of the aspects of sustainability included in the respond-

ent’s studies by the Finnish Bachelor’s degree programme students.

The respondents were asked to give examples of how they would increase sustainable de-
velopment topics in their studies. A total of 47 responses were given, ranging from naming
some specific aspect of sustainability to increase (e.g., “more information about environ-

mental impacts”) to the manner in which these should be included in studies (e.g., “integrated
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in all courses™). Some respondents (7/47 responses) were content with the current level of
sustainable development discussion in their studies and felt no need to increase it. An equal
number of respondents (7/47) wished for a specific course on sustainable development, pos-
sibly as optional studies. Some respondents (4/47) suggested integrating sustainable devel-
opment topics to some existing course and some respondents felt the topic should be inte-

grated in all courses somehow.

The methods mentioned as effective ones included increasing working life cooperation (e.g.,
company visits and commissioned assignments), taking a more holistic view on the course
contents (e.g., increasing life cycle thinking and the possibilities provided by circular econ-
omy) and suggestions on specific content topics to cover more extensively (e.g., carbon bal-
ance, resource efficiency, or a specific aspect of sustainable development). This suggests
that even the awareness level (Sterling, 2015, 98; Pacis and VanWynsberghe, 2020, 583)
content identified in the curricula analyses is not sufficiently included in degree programmes

form the respondents’ perspective.

The survey link was sent to the Bachelor’s degree programme student groups who had begun
their studies between 2018 and 2021. According to the enrolment data in Xamk Peppi
(2022), 1641 students are enrolled in these groups in total and 130 responses were given. No
responses were given by Information technology students, so the survey may not have
reached them. The very low response rate naturally means the results can’t be generalised to
represent the entire student body very reliably; however, the results give an indication of the

overall situation.

6.4.2 English Bachelor’s Degree and Finnish Master’s Degree Students’ Views

The English degree programme students in groups of Information Technology and Environ-
mental Engineering were sent a link to an English version of the survey. According to the
enrolment data in Xamk Peppi (2022) 185 students are enrolled in these groups and only 15
responses were given. The low response rate (about 8%) naturally means the results should
not be interpreted to represent the overall perceptions of the international students. The Mas-
ter’s degree programme student groups the survey link was sent to were Cybersecurity, Lo-
gistics, Environmental Technology, Project and Sales Management, and Building Services

Engineering. According to the enrolment data in Xamk Peppi (2022), 225 students are
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enrolled in these groups in total, so the 24 responses collected, again, leave the response rate
very low (about 11 %). Due to the small number of responses in these respondent groups,

the results are discussed together.

The Master’s degree programme students and the English degree programme students’ ex-
amples on how ecological, social and cultural, and economic aspects of sustainability have
been included in their studies mostly gave examples of specific courses with some of these
contents. Some mentions about these topics not being discussed, or being discussed very
little, were made, similarly to the responses given by Finnish Bachelor’s degree students.
The methods for increasing sustainable development topics in studies were also quite similar
to those suggested by the Finnish Bachelor’s degree students, namely adding more working
life contacts and tangible, practical examples, as well as taking a more holistic view on dis-

cussing the topic.

The clearest differences between English and Finnish Bachelor’s degree students’ responses
was in which aspect of sustainability was most included in their studies (Figure 10). This
can reflect the degree programme contents, as the majority of these respondents were envi-
ronmental engineering students. The Finnish Master’s degree students’ responses were quite
well aligned with the other respondent groups’ answers, so the idea of Master level studies

offering students a wider perspective on their study field wasn’t reflected in the responses.

6.5 Research Limitations in Light of the Key Results

Based on the findings of the curricula analysis the current level of sustainable development
content can be stated to promote awareness (level I) of sustainability topics with some indi-
cations of understanding (level I1) and empowerment (level III) level contents. The relatively
low occurrence (about 28%) of such contents indicates improvement potential. The method
of curricula analysis based on predetermined key words holds the potential for biases and
poor selection of key words will return inaccurate results. This may have been the case in
identifying KSCs in curricula analysis. It is also quite difficult to identify some competencies
from the course descriptions, as the subject described is unfamiliar to the analyser. To de-
crease false interpretations of the curricula analyses, another research using similar method-
ology but by several different analysts could increase the reliability of results by providing

a wider tray of interpretations for the selected wordings. Some course descriptions contained
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wording, such as “operating environment”, that would potentially return a false result if the
analysis was solely conducted by counting the occurrence of specific words. This puts even

more emphasis on contentual analysis, rather than focusing on the wording only.

The literature review and staff interviews revealed that the guidance for including contents
to promote sustainable development awareness and Key Sustainability Competencies in cur-
ricula and in teaching could be increased. Qualitative data analysis holds a relatively high
risk of false interpretations, as people perceive wordings and meanings differently. To de-
crease this risk, the interviewees were given an opportunity to review the results prior to
their publication. Interviewing a higher number of teaching staff representatives would be
likely to reveal more details about how sustainable development is approached in teaching
at Xamk School of Technology. Selecting the interviewees randomly, rather than based on
their motivation towards sustainability topics, would be likely to give a more accurate over-
view of the extent to which sustainability topics are included in teaching. Observing teaching
on selected courses could provide more in-depth information on the different methods of
how sustainability aspects are, and could be, included in teaching. This would allow identi-
fication of how the concept of sustainable development is broken down into pragmatic ped-

agogical content.

The student survey indicated ecological sustainability content to be most familiar to students,
and potential to increase sustainability contents overall. Surveys typically return only a sam-
ple of the overall data, and in the case of this research the number of responses given reflects
this phenomenon. Results can’t be interpreted as the overall student perception; however,
some generalisations can be made since responses were given by students of nearly all of
the degree programmes included in the study scope. The responses to open-ended questions
revealed some possible methods for promoting SD awareness, but for more elaboration, stu-

dents could also be interviewed, or some other data collection method utilized.

The results (Figure 11) are used to identify improvement potential in mainstreaming sustain-
able development contents in the degree programme curricula and teaching at the case ex-
ample organization. The student survey and the staff interviews indicated some potentially
efficient methods for this, while highlighting the necessity of uniformly defined terminol-
ogy. The importance of sustainable development is reflected mostly via certain contentual

topics, such as energy efficiency, climate change and resource efficiency.
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Figure 11. The key results from research phases.

Both students and teaching staff mention the need for more working life connections and
working life related examples of how sustainable development is manifested specifically on
their field, so a more systematic method for collecting information from working life should
be established. Ideally this would increase staff awareness on working life sustainable de-
velopment competence expectations and provide a cooperation platform benefitting both the

UAS and regional development.
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7 Conclusions

The changes aiming at a socio-technical transition towards sustainability are not likely to
deliver immediate and personal benefits, so engaging a sufficiently large number of change
agents calls for a widespread understanding of the necessity of the change and a sense of
empowerment to maintain it (Geels, 2011, 25). Significant potential for enhancing the sus-
tainability transition exists in higher education, as it provides students and their future em-
ployers the skills and operational models that, for their part, drive the transition. This is also
reflected in including the degree of mainstreaming education for sustainable development in
educational policy, curricula, teacher education and student assessment (UN, 2022) in the
indicators for UN SDG target 4.7. The methods for measuring the “degree of mainstreaming”
(OKM, 2020) are under development. The aim of this research was to establish the current
sustainable development awareness and sustainability competencies content in the case ex-
ample organization curricula and teaching, set on a three level framework from awareness
(level I) to understanding (level IT) and empowerment (level III). Based on the results the
majority of sustainable development content included in curricula and implemented in teach-

ing promotes awareness (level I) and clear potential to increase sustainability contents exists.

The results indicate that the guidance for including sustainable development awareness or
Key Sustainability Competencies in higher education should be actively established and
communicated if the aim is to reach empowerment (Sterling, 2015, 98) and agency (Pacis
and VanWynsberghe, 2020, 583) that are they keys for a large-scale habitual change. Using
the multi-level perspective terminology (Geels, 2005, 682) to describe the issue, a transition
throughout the nested hierarchies of niches, regimes and the landscape of educational activ-
ities succeeds by mainstreaming the activities and contents that promote sustainability
awareness and competencies. The current landscape already provides a platform for the topic
to be an elemental part of educational policy, both international and national, and the educa-
tional content innovated by motivated teachers influences the niche level. While these are
important elements of the overall transition, regime change is needed for a full scale main-
streaming and the action of each educational institution is a vital part of the regime change.
Based on the results, Institutions of Higher Education may not have assumed their role in
this. The results show that the guidance for including sustainability content in curricula or

teaching is weak, even if the importance of these is acknowledged. Leaving the decision of
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the extent and type of sustainable development contents to depend on the individual motiva-
tion of those writing the course descriptions and implementing educational activities can
deliver some sustainability awareness (level I), but for more thorough understanding (level
IT) and empowerment (level III) active guidance should be employed. This guidance should
be based on a systematic procedure of setting aims and measuring the achieved results to
evaluate the effectiveness of the defined procedure. Coupled with providing the staff the
resources to increase their personal sustainability competencies and knowledge this could

prove an effective method of integrating sustainability contents in higher education.

Mainstreaming education for sustainable development in curricula also calls for a systematic
procedure with aim setting and result measurement. Having been set as one of the indicators
for UN SDG Target 4.7. (Statistics Finland, 2022) getting comparable and reliable measure-
ment results is vital for the monitoring of how well the set goals have been reached. The
curricula analysis methodology used in this research identified some potential difficulties.
Measuring sustainable development contents in curricula should not be left to counting the
occurrence of certain phrases but include contentual analysis also, and more research is
needed to identify the framework best suitable for identifying the key contents. In terms of
measuring the promotion of Key Sustainability Competencies (Wiek et al., 2011, 207) a
curricula analysis can reveal a very limited view. The development of KSCs during studies

could be better identified by a longitudinal study of selected student groups.

The curricula development procedure should include instructions for inclusion of sustaina-
bility contents both in curricula creation or updating and during the acceptance of changes
(i.e., the curricula assessment and acceptance procedure). Staff members responsible for cur-
ricula development should have access to information about the aspects of sustainability and
Key Sustainability Competencies relevant to the professional field in question. Rather than
attempting to cover the entire sphere of sustainability topics all at once, focusing on certain
field specific examples could become an effective method of increasing sustainability con-
tents in higher education. An elemental part of the guidance is documented mapping the
sustainability contents to cover in each degree programme curriculum and measurement of
how these are included, in light of the field specific focus areas. The results also show that
the teaching staff already finds ways to explain the connection between a professional com-
petence topic and overall sustainability. This is not likely to represent the overall situation

in the case example organization, as the interviewees were selected from those teaching
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courses with existing SD content and their motivation to participate an interview also re-
flected their interest on the topic. This still represents a potentially effective method for
teaching SD content, so effort should be put in activating more teaching staff to become
involved in identifying sustainability content in their area of expertise. To enhance identifi-
cation of SD aspects as part of the professional competencies, teaching staff should have
sufficient resources to develop their own knowledge on the topic and tools for identifying
professional field specific examples of sustainability. These vary depending on the field and
focusing on the field specific examples would be likely to help motivate students as well as

providing teaching staff with suitable pedagogical content to facilitate empowered agency.

Increasing working life connections to educational activities could be an effective method
for enhancing identification of the field specific sustainability actions and linking them to
the grand challenges of sustainability. This should be extended to a systematic cooperation
model between working life partners and regional development drivers, to facilitate a review
of working life expectations for institutions of higher education. Increasing teaching staff
Key Sustainability Competencies should also be a more systematically managed activity,
including establishment of the baseline level, the desired level and measuring the efficiency
of the action taken to fill the gap between these. As established in this research, reliable
measurement of competencies requires more than counting the occurrence of selected
phrases, especially since sustainability terminology is ambiguously used. Clear definitions
of the terminology used would help in demonstrating commitment to both operational and
contentual sustainability action in an Institution of Higher Education, and the model used for
describing an organizational policy in international management system standards could
prove usable for establishing an organizational sustainable development policy. Such a pol-
icy is only effective if sufficiently communicated to staff and students to demonstrate that

sustainable development is an elemental part of the organizational culture.

All students, not only those motivated to study sustainability topics, should be provided with
a basic level education on the concepts of sustainability to ease their understanding of how
sustainable development awareness and Key Sustainability Competencies are an integral
part of their professional competencies. Rather than adding this as a separate content of a
generic course, it could be a requirement for a degree programme element that requires in-
dividual work, such as the reporting of their practical training periods. This could also benefit

the practical training employer, as it would help identify sustainable development aspects of
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their operations. Including sustainability in course evaluation criteria, could also help moti-
vate students, but would most likely be more effective if included in thesis evaluation crite-
ria. Student perceptions on sustainable development topics included in their studies reflect
their study fields and the current public discussion on, e.g., the energy system transition,
resource efficiency and climate change. Presenting students the linkage between grand chal-
lenges of sustainability and the profession they study for will not only allow them to become
aware of the challenges but help them understand the different aspects and consequences
and, most importantly, empower them to see themselves as the future sustainability agents
they are. Facilitating the formation of such empowerment is the responsibility and privilege

of Institutions of Higher Education, and this role should be assumed more actively.
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Appendix 1. Student Survey Questions and Number of Respondents

The survey questions are listed below and the numbers of respondents to the student survey

are presented in Tables A1-1, A1-2 and A1-3.

THE SURVEY QUESTIONS:

1. When did you begin your studies?

e 2018
e 2019
e 2020
o 2021

e other (initiates command “end survey’’)
2. Which study programme do you study in?
e form I: (listing of Bachelor’s degree programmes included in scope)
e form 2: (listing of English degree programmes included in scope)
e form 3: (listing of Master’s degree programmes included in scope)
e Some other degree programme (initiates command “end survey’’)

The aim of questions 1 and 2 was to ensure responses from students excluded from the re-

search scope would not be included in the results.

3. In your opinion, which of the following skills and competencies have been enhanced in

your studies (you may select several)?
e systems-thinking
e normative skills
e anticipatory skills

e strategic skills



e interpersonal skills

e integrative problem-solving competencies
e none of the above

e some other skill (which?)

e [ don't know

The following additional information was provided for the respondents to ease answering

questions 4.-9.:

Sustainable development means ensuring that future generations have the same access to
ecological, social, cultural and economic opportunities as the current generations enjoy in
pursuit of their well-being. Ecological sustainability includes aspects such as environmen-
tal protection, nature preservation and emission reduction. Social and cultural sustainability
can be, for example, inclusion and ensuring equal rights to everyone. Economic sustaina-
bility is, for example, steady economic growth within the planetary boundaries and access

to responsible financing instruments, like loans or investments.

Next you are asked to evaluate how these aspects of sustainable development have been in-

cluded in your studies. Please give examples (e.g., course names, assignment types etc)

4. To what extent has ecological sustainability been included in the courses you have stud-

ied? (0 is not at all, 5 is very much)
5. Please give examples

6. To what extent have social and cultural sustainability been included in the courses you

have studied? (0 is not at all, 5 is very much)
7. Please give examples

8. To what extent has economic sustainability been included in the courses you have stud-

ied? (0 is not at all, 5 is very much)

9. Please give examples



10. How important, in your opinion, are the following for your future career?

(1 is not very, 5 is extremely important)

e Problem solving skills
e Systems thinking
e Interaction and teamworking skills
e Strategic thinking
e Language skills
e Occupational health and safety
e Environmental awareness
e Economic efficiency
e Cultural aspects
e Energy efficiency
e Life cycle costs

11. If you feel something important was missing from the list, please add it here.

12. How would you increase sustainable development awareness in your study field and

study programme?
13. If you wish to take part in the pin raffle, please add your contact information.

Thank you for your participation!

RESPONDENTS

Table A1-1. Respondents in Finnish Bachelor’s Degree Programmes

Degree programme Responses
Bioproduct technology 7
Energy engineering 8
Cyersecurity 3
Logistics 9
Software engineering 2




Game programming

Construction engineering 18
Robotics and artificial intelligence 1
Electrical and automation engineering 20
Building services engineering 14
Industial wood contruction 23
Information technology 0
Environmental technology 22
Some other 0
TOTAL 130
Table A1-2. Respondents in Finnish Master’s Degree Programmes
Degree programme Responses
Cybersecurity 2
Logistics 0
Project and sales management 12
Environmental technology 7
Building services engineering 0
Some other 3
TOTAL 24
Table A1-3. Respondents in English Degree Programmes
Degree programme Responses
Cybersecurity 0
Environmental Engineering 11
Information Technology 4
Some other 0
TOTAL 15




Appendix 2. Degree Programme Curricula Contents Analysis Results by Department

Table A2-1. Department of Information Technology

Number of core compe-

Number of courses in-

tence courses* ana- cluding SD or KSC oc-
lyzed currences
i o Not
E}g“”“‘e“t of Information Techno- 1,41 5019 2020 | 2021 | 2018 | 2019 | 2020 | 2021 | Examples ores
Cybersecurity (MEng, 60 CU) - 5 - - - 1 - - | information security
Kyberturvallisuus (Cybersecurity) i i 5 i i | information security 2020 and 2021 curriculum the same
(MEng, 60)
Master level courses total 5 5 1 1

security, energy efficiency, data integrity and 2018 and 2019 curricula the same;
Information Technology (BEng, 240 23 2 5 7 availability. 2020 and 2021 curricula the same
CU) problem solving skills, interpersonal skills
Kyberturvallisuus (Cybersecurity) ] ’ 2 ; 5 security, strategic thinking, interpersonal skills. 2019 and 2020 curriculum the same
(BEng, 240 CU)
Ohjelmistotekniikka (Sofiware Enginee- i i i 29 i i i 4 information security, problem solving skills, in-
ring) (BEng, 240 CU) terpersonal skills

financing models, revenue logics, cultural as- 2020 and 2021 curricula the same.
Peliohjelmointi (Game programming) i 71 71 i 7 4 pects, information security and privacy, problem | Course ”Johdatus pelituotantoon” 10
(BEng, 240 CU) solving skills, systems thinking, interpersonal CU

skills
Tieto- ja viestintétekniikka (/nformation 30 i i i 3 i i _ | information security, problem solving skills, in-
technology) (BEng, 240 CU) terpersonal skills

Bachelor level courses total| 53 | 43 | 43 | 45 8 13 | 11 9
TOTAL| 53 | 48 | 48 | 45 8 14 | 12 9

*generic courses, thesis and practical training excluded. Typically a course is 5 CU




Table A2-2. Department of Logistics and Marine Technology

Number of core compe-

Number of courses in-

tence courses ana- cluding SD or KSC oc-
lyzed* currences
2018|2019 (2020 | 2021 | 2018 | 2019 | 2020 | 2021 | Examples Notes
Logistiikka (Logistics) (MEng) 4 - - - 1 - - _ | Strategic thinking
Master level courses total | 4 1
business responsibility, environmental im- 2018 and 2019 curricula the same;
pacts, economic efficiency, waste manage- 2020 and 2021 curricula the same
- o ment, sustainability
Logistiikka (Logistics) (BEng) 16 18 6 9 responsible business practices, product LC re-
sponsibility, occupational safety, cost level
impacts, responsible self-management, safety,
security
Bachelor level courses total | 16 18 6 9
TOTAL| 20 18 7 9

*generic courses, thesis and practical training excluded. Typically a course is 5 CU




Table A2-3. Department of Forestry and Environmental Technology

Number of core compe-
tence courses* ana-
lyzed

Number of courses in-
cluding SD or KSC oc-
currences

2018

2019

2020

2021

2018

2019

2020

2021

Examples

Notes

Ympiéristoteknologia (Environmental
technology) (MEng 60 CU)

environmental policy and economic guid-
ance mechanisms, environmental and
health risks, energy efficiency, environ-
mental safety

2019 and 2021 curricula the same

Master level courses total

Environmental Engineering (BEng, 240
CU)

20

17

14

11

aspects of sustainability, climate change,
contaminants in the environment, eco-
nomic and environmental aspects, emission
reduction, environmental and health risks,
environmental impact assessment, environ-
mental management, environmental moni-
toring, environmental problems, environ-
mental sustainability, health risks caused
by pollution, occupational health and
safety, profitability of renewable energy,
resource efficiency

2018 and 2019 curricula the same;
2020 and 2021 curricula the same

Ympiéristoteknologia (Environmental
Technology) (BEng, 240 CU)

11

19

Sustainable resource use, environmental
safety, environmental health risks, occupa-
tional safety, environmental awareness, en-
ergy efficiency, environmental safety.

2018 and 2019 curricula the same;
2020 and 2021 curricula the same

Bachelor level courses total

31

36

20

17

TOTAL

31

4

36

20

4

17

*generic courses, thesis and practical training excluded. Typically a course is 5 CU

Table A2-4. Department of Construction and Energy Engineering




Number of core compe-

Number of courses in-

tence courses* ana- cluding SD or KSC oc-
lyzed currences
20182019 | 2020 | 2021 | 2018 | 2019 | 2020 | 2021 | F¥A™PIeS Notes
Projekti — ja myyntijohtaminen (Pro- interpersonal skills Only one course change in 2018 and
Jject and sales management) (MEng, 5 1 1 1 2020 curricula
60 CU)
Master level courses total | 5 1 1 1

Energiatckniikka (Energy enginee- safety, occupational safety, economic 2018 and 2019 curricula the same;

NeTE &y eng 20 19 6 5 feasibility, energy efficiency, changed re- | 2020 and 2021 curricula the same
ring) (BEng, 240 CU) . .

quirements due to SD, operational safety

Rakennustekniikka (Construction en- Life cycle costs, energy gfﬁmency, health | 2018 and 2019 curqcula the same;

. . 16 22 3 3 and safety, problem solving, systems 2020 and 2021 curricula the same
gineering) (BEng, 240 CU) thinking
Robotiikka ja tekodly (Robotics and Occupational safety, responsibility inter-
Artificial Intelligence) (BEng, 240 - - - 19 - - - 3 | personal skills,
CU)
Teollinen puurakentaminen (Industrial 17 71 3 3 Life cycle costs, health and safety, prob- | 2018 and 2019 curricula the same;
Wood Construction) (BEng, 240 CU) lem solving 2020 and 2021 curricula the same

Bachelor level courses total | S3 62 | 19 | 12 11 3
TOTAL| 58 63 19 | 13 11 3

*generic courses, thesis and practical training excluded. Typically a course is 5 CU




Table A2-5. Department of Electrical Engineering, Building Services and Material Technology

Number of core competence
courses* analyzed

Number of courses including
SD or KSC occurrences

2018 | 2019 | 2020 | 2021 2018 | 2019 | 2020 |2021 Examples Notes
Talotekniikka (MEng, 60 CU) i 5 i i 5 i Er}ergy efficiency, LC costs, 2019 and 2021 curricula the same
principles of SD, safety
Master level courses total 5 5
Environmental and health haz- | 2018 and 2019 curricula the same;
ards, safety, energy efficiency, |2020 and 2021 curricula the same
Biotuotetekniikka (BEng, 240 CU) | 18 5 4 environmental, safety and eco-
nomic performance, problem
18 solving, strategic thinking
Sahko- ja automaatiotekniikka 24 24 4 4 systems thinking, interpersonal | 2018 and 2019 curricula the same;
(BEng, 240 CU) skills, economic aspects, safety | 2020 and 2021 curricula the same
.. interpersonal skills, principles | 2018 and 2019 curricula the same;
Talotekniikka (BEng, 240 CU) 21 19 > > of SD, energy efficiency 2020 and 2021 curricula the same
Bachelor level courses total | 63 61 14 13
TOTAL | 63 5 61 14 5 13

*generic courses, thesis and practical training excluded. Typically a course is 5 CU
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