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ABSTRACT

Engineers can make a valuable contribution for a transformation towards a sustainable society.
The CDIO framework, where student-active and integrated learning is intrinsic to design-
implement activities, therefore also includes sustainability competencies. The purpose of this
paper is to evaluate alignment between specific student-centered (active) learning activities
used in digital learning environments with many students and engineering competencies for
sustainability. Examples of learning activities in two such online courses are presented and
evaluated in comparison to the UNESCO key competencies for sustainability. The courses are
two undergraduate courses at NTNU where sustainable engineering represents the discipline
knowledge. The learning activities were designed for scalability and to be operable within an
entirely digital learning environment. The student-centered learning activities that are used in
the courses are: i) project-based learning, ii) academic text with peer-review, iii) auto-graded
computational assignments, iv) massive online course module, v) flipped classroom. We
outline the design of the learning activities and map their alignment with abilities within key
sustainability competencies. We discuss the effects of scalability and digital format on learning
outcomes, and the student feedback and plans for further development.
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INTRODUCTION

There is an urgent need for transformation of society towards sustainable development.
Governments all over the world have adopted the UN 2030 Agenda and agreed on the
Sustainable Development Goals (SDGs) (UN, 2015). Engineers have a critical role and can
make a valuable contribution to such a transformation and therefore engineering education
must be designed to support learning of sustainability competencies. In line with these needs,
the CDIO framework for engineering education has been updated to include sustainability.
Sustainability is now explicit in most of the twelve core CDIO Standards 3.0 (Malmgqyvist,
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Edstrom, & Rosén, 2020a) and in addition there is an optional standard for sustainable
development (Malmqvist, Edstrom, Rosén, et al., 2020b). This makes an important difference
since these standards define the distinguishing features of a CDIO program, serve as
guidelines for educational reform, enable benchmarking with other CDIO programs and
provide a tool for self-evaluation-based continuous improvement. In line with this change of
the Standards, the CDIO Syllabus has been updated to version 3.0 and sustainability is now
integrated to a larger extent than before (Malmqvist et al., 2022). The CDIO Syllabus is a list
of topics that indicate desirable competences of graduating engineers that can be used as a
source of inspiration or as a frame of reference, for instance when selecting and formulating
learning outcomes for curricula and courses.

The update of the CDIO Syllabus 3.0 was preceded by an evaluation of the CDIO Syllabus 2.0
compared to the Unesco key competencies for sustainability (Rosén et al., 2019). The
integration of sustainability into the CDIO Syllabus 3.0 was then to large extent influenced by
these key competencies for sustainability but also by other key competency frameworks (EOP,
2020; Lozano et al., 2017; Wiek et al., 2011, 2016).

According to constructive alignment (Biggs & Tang, 2007), learning activities in a course should
be designed to activate students and support their learning of the intended learning outcomes
for the course, i.e., students should practice on what they should be able to do. Another way
to frame this intention is that the teaching should be student-centered. Student-centered
teaching places more of the learning responsibility to the student (Wright, 2011), allowing
students to take control of the learning by active participation, or self-education. Thus, a
challenge for teachers is how to design appropriate learning activities to support key
competencies for sustainability. Examples of appropriate learning activities can be found in
previous research on education for sustainable development within MPhil (Cruickshank &
Fenner, 2012) and engineering programs (Segalas et al., 2009).

Digital learning environments represent an additional challenge for student-centered learning.
The digitalization of education was accelerated due to the corona pandemic and online
teaching is still used occasionally also in campus located education and is promoted when the
pedagogical benefits are considered to dominate compared to classroom teaching. Another
constant pressure on universities, due to economic reasons, is to deliver education in a more
resource-efficient way, which can influence the number of students that are expected to take
a course at the same time. One benefit of online courses is that they can be scalable, i.e., have
many students. Hence, there is a need for good examples of appropriate learning activities for
key competencies for sustainability in the setting of online courses with many students.

In this paper, we describe several student-centered learning activities that have been used in
courses to support key competencies for sustainability. The activities have been employed in
two undergraduate courses at the Norwegian University of Science and Technology (NTNU).
The courses cover sustainable engineering, have been given in a digital format, and serve 250
and 1000 students respectively. Our aim is to discuss the scalability of the individual learning
activities and to evaluate the extent to which the intended sustainability competencies can be
fulfilled with the portfolio of activities. To do this we conduct an initial, qualitative mapping of
the applied student-centered learning activities towards UNESCO’s key sustainability
competencies and affiliated abilities. We proceed to discuss the principal alignment of the
scalable activities towards abilities, based on qualitative considerations, literature and specific
student feedback. To aid any study program seeking to integrate competencies for
sustainability in activities and learning outcomes within a CDIO framework, we include a short
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description of the learning activities and how they relate to the CDIO Standards. Finally, we
summarize student feedback and potential further development of the activities.

BACKGROUND

The courses in our case are described in Table 1 and the course content can be described as
sustainable engineering. Both courses were conducted at NTNU entirely within a digital
learning environment in 2022, entailing primarily group work and activities suited for self-
guided and student-centered learning. The specific learning activities follow the table.

Table 1. The Courses
Course Brief context and description

TEP4295 An undergraduate course at 7.5 ECTS offered to 2" and 3" year students
Sustainable in 5-year integrated MSc programs, in total 200-250 students. The course
engineering | covers concepts, assessment methods and strategies for sustainability.
The course has been transformed from a teacher-oriented format last
lectured in spring 2020, to a fully online version in 2021 and 2022 as a
hybrid (streamed) course in 2023.

INGX2300 An undergraduate course at 10 ECTS offered in the final semester to all
Engineering | NTNU’s bachelor engineering programs, in total 1 000 students divided
systems between three campuses (Trondheim, Gjgvik, Alesund). The course
thinking covers innovation, entrepreneurship, economic management, and
sustainable engineering. The course has been conducted as one digital,
shared course across all study programs since spring of 2022.

Project-Based Learning (INGX2300), where students work in inter-disciplinary groups of 5-6
members to develop new business concepts within a given theme (Energy storage, Smart City,
etc.). The project requires creativity and strategic thinking to develop a business concept, and
discipline knowledge from the course to evaluate market and sustainability potential of their
concept. Scenario-thinking is specifically asked for in this assignment. The project assignment
includes several deliverables over the 8-week period, amongst them is a collaboration
agreement, midterm oral pitch, and final report.

Academic Text with Peer Review, where students write a short academic text (1000-1200
words) about definitions of sustainability and how the students consider sustainable
engineering to be relevant for their profession. They provide anonymous written feedback to
their peers on draft papers, before revising their own paper based on the rubric comments they
receive themselves. Peer assessment is facilitated by a commercial online education
management system (Eduflow), for the papers as well as in group assignments to correct and
comment on a rather strictly defined scenario model exercise (TEP4295). Direct peer feedback
is also applied, wherein the student groups comment orally on pitch presentations of their peer
groups’ business in the project-based learning activity (INGX2300).

Auto-graded Computational Assignments, made using nb-grader, a tool to make and grade
Jupyter Notebooks (Jupyter et al., 2019). Training notebooks are setup with local, instant
feedback and contain mimicked examples from the textbook, including video material and
textbook links. Assignment notebooks are graded on the central server with 60 min delay to
avoid overload. All assignments are identical with seed randomization and solving them
involves programming and linear algebra. Students are encouraged to work together to solve
the problems as no student will share the same numerical solution.
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Massive Online Course Content holds the non-computational curriculum. Built using Eduflow,
it contains reading and video material for self-paced individual and group study. The format
allows a combination of ways to illustrate and teach core sustainability concepts and strategies,
through reflection questions, discussion boards, quizzes, etc.

Flipped Classroom Problems, in-class activity (Ak¢ayir & Akcayir, 2018) and spaces to discuss
and reflect contents of the online course module and computational materials. Each session is
described in the course learning platform outlining i) preparatory video and reading material,
ii) problem description, and iii) digital tools, iv) digital channels for audio/video and written
communication. Both tailor-made (simplistic databases for life cycle assessment and input-
output analysis) and third-party tools (climate policy simulator) are used in the flipped
classrooms. The problems include simplified life cycle assessment (plastic and natural
Christmas trees), allocation in life cycle assessment (milk farm), material flow analysis (clothes
in Norway), carbon footprint (of a student), energy assessment (windfarm concept), industrial
symbiosis (for a specific industry cluster), and global climate policy (how to stay under 1.5
degrees). The flipped classrooms have been conducted in purely online formats (INGX2300)
and hybrid streams (e.g., TEP4295 in 2023). Online video communication platforms are used
to initiate the session, provide the online workspace (Zoom), and communication channel
(discussion board).

METHOD

Qualitative mapping was conducted to evaluate alignment between the learning activities
towards the intended sustainability competencies and affiliated abilities in Table 2. We use the
UNESCO key competencies for sustainability. These have largely influenced how
sustainability is integrated in the CDIO Syllabus 3.0, and have beenderived by synthesis of
published sustainability education research (Haan, 2010; Rieckmann, 2012; Wiek et al., 2011).

We aim to discuss the scalability of the learning outcomes, i.e., how well the outcomes can be
supported when conducting the activity for many students. The discussion is based on theory
from literature and qualitative considerations from the teacher’s own observations, using for
review and interpretation student feedback received from the last two years. There has been
written feedback from the students in completed surveys as well as oral feedback in dialogue
with the class and class representatives during course evaluation. Large variation in exam
format over the last three years hamper a more quantitative assessment of learning outcomes.

Finally, in the evaluation of the alignment of the learning activities to the CDIO Standards 3.0,
the focus is on the content in the Standards about competencies and learning activities as well
as sustainability.

Table 2. The UNESCO Key Competencies for Sustainability (Unesco, 2017)

No. Competency Related abilities
1 Systems thinking a. recognize and understand relationships;
competency b. analyse complex systems;

c. think of how systems are embedded within different domains and
different scales;
d. deal with uncertainty.
2 Anticipatory a. understand and evaluate multiple futures — possible, probable
competency and desirable;
b. create one’s own visions for the future;
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c. apply the precautionary principle;

d. assess the consequences of actions;

e. deal with risks and changes.

Normative a. understand and reflect on the norms and values that underlie
competency one’s actions;

b. negotiate sustainability values, principles, goals, and targets, in a
context of conflicts of interests and trade-offs, uncertain
knowledge and contradictions.

Strategic a. collectively develop and implement innovative actions that further

competency sustainability at the local level and further afield.

Collaboration a. learn from others;

competency b. understand and respect the needs, perspectives and actions of
others (empathy);

c. understand, relate to and be sensitive to others (empathic
leadership);

d. deal with conflicts in a group;

e. facilitate collaborative and participatory problem solving.

Critical thinking a. question norms, practices and opinions;
competency b. reflect on own one’s values, perceptions and actions;

c. take a position in the sustainability discourse.

Self-awareness a. reflect on one’s own role in the local community and (global)
competency society;

b. continually evaluate and further motivate one’s actions;

c. deal with one’s feelings and desires.

8 Integrated a. apply different problem-solving frameworks to complex

problem-solving

competency

sustainability problems and develop viable, inclusive and
equitable solution options that promote sustainable development,
integrating the abovementioned competences.

RESULTS

Learning Activities and Alignment to Key Competencies for Sustainability

An evaluation of the learning activities and their contribution to key competencies for
sustainability is presented in Table 3. Before a further description of the mapping, we make
the observation that, looking across all learning activities, every individual ability is answered
by at least one activity and most abilities align with more than one activity.

Table 3. Alignment of Learning Activity and UNESCO Key Sustainability Competencies

Learning activity
Letters refer to related abilities under each competency. Abilities not aligned with
the specific learning activity is marked in strike-through, red letters.

Sustainability Project- Academic Auto-graded Massive online | Flipped

competencies based text with computational | course material | classroom
learning peer review | assignments problems

1.Systems thinking

competency a,b,c,d |abce a, b, ed abe4d a, b, cd

2.Anticipatory

competency a,b,c,d;e|aDb,c éde |abede abe-de a, b,¢; d-e

3.Normative

competency a5 b a, b ab a, b a, b

4.Strategic a 5 5 5 a

competency
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5.Collaboration
competency

6.Critical thinking

a,b,c,d e | abede |abede &be—de a,b,cde
competency 8576

a,b,c a,b,c —b; a; b,¢ a,b,c

7.Self-awareness

competency a,b,c a, ;¢ b6 a, b a, b c

8.Integrated
problem-solving a a a a a
competency

From Table 3 is appears the massive online course module and the auto-graded assignments
add only marginally to the competencies. The massive online course module does contain
questions and tasks that require normative and critical thinking, and self-reflection. Student
participation in these supplements their learning towards the affiliated competencies. Still, the
online course material and the computational assignments are mainly discipline oriented and
only to a very limited extent allow for competency integration. They may therefore be defined
as pre-requisites for the other, more experiential activity. Still, the online format maximizes
accessibility to the material and self-regulation of learning is supported when students can
revisit the material multiple times, both in preparation of class and after (Jovanovic et al., 2019).

The format of the computational assignments allows for auto-grading and resource benefits. It
facilitates grading of computational assignments in large courses, with an instantaneous or
relatively fast response that is formative in nature and supports self-paced learning. The
computational assignments include analysis of systems and system relations at different
scales (systems thinking competency), including models of consequences of actions
(anticipatory competence). The format of the assignments is similar to the many small
programs-concept that has been found to be able to improve course experience, reduce stress
and improve fulfillment of learning outcomes (Allen et al., 2018).

Integrated problem-solving competency, i.e., the opportunity to combine and develop all
specific competence areas, is only represented in the problem-based activities, thus in the
project work and the flipped classroom sessions. Besides supporting the key competencies,
problem-based learning can benefit content knowledge, learning strategies, skills and
motivation (Guo et al., 2020). The project-based activity is intended to allow students to apply
integrated learning in a concrete case, with emphasis on innovation and entrepreneurial efforts.
The groups are asked to evaluate and negotiate sustainability and market aspects, thereby
also reflecting on values and perceptions and take a position (i.e., critical thinking competency).
The project-based approach has been proposed as particularly relevant for sustainable
development in engineering education (Lehmann et al., 2008). The project activity includes
midterm presentations wherein groups present their concepts to each other and the teacher
for feedback, supporting the ability to continually evaluate and further motivate one’s actions.

Peer assessments can provide resource savings for the teacher. Few studies apply peer
assessment in comprehensive learning environments such as collaborative work and problem-
based learning (Ashenafi, 2017), which is unfortunate as peer feedback can increase student
engagement in a task (Barroso & Morgan, 2011). It can make students think longer about the
input they receive (and give), which is found to facilitate deep learning on the discipline
concepts (Filius et al., 2018). Moreover, it gives experience in review as part of the systems
engineering protocol. Peer assessment is also applied in the academic text that students write,
which — although anonymous - allows learning from each other (i.e., collaboration
competency). Peer review also requires engaging in normative and critical considerations and
reflection on own roles and perspectives, thus supporting many key competencies.
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The flipped classroom sessions allow for integrated problem solving and therefore link with
most of the competence abilities. In one of the flipped classrooms the student groups are
assigned a random country. They should then gather sustainability information about the
country, such as human development index, gross domestic product, energy and health
statistics, after which they are asked to negotiate within their group a global policy for achieving
the Paris target of 1.5 degrees considering these other ‘national’ sustainability interests and
needs. Policy strategies are tested and validated using a global climate policy simulator (En-
ROADS). Finally, groups present their policies in open plenary and discuss them from the
perspective of the countries present. The climate policy example, as well as the other flipped
classroom activity, involves applying a holistic perspective and considers system effects of
element changes (i.e., systems thinking competency). Moreover, it requires understanding and
negotiating views and values, i.e., normative competency. The flipped classroom sessions
should provide a critical and integrated dimension (problem solving competency) to the
curriculum through peer-assisted, collaborative, and cooperative learning activities (which
should develop their collaboration competency). Although many complete the tasks individually,
the activity is designed as group work to think strategically about sustainable development (i.e.,
strategic competency). The design of the activity allows them to question norms and opinions
(normative competency). Two of the flipped classroom problems involve the role of citizens
and consumers, offering a venue to reflect on the role of local and global communities (i.e.,
self-awareness competency). The flipped classroom sessions thereby answer to most of the
key engineering competencies, where the full list of alignments towards the UNESCO
competency abilities is outlined in Table 3. The flipped classroom sessions require
development of relatively simple system representations or use of predefined simulation
models. These are to a lesser extent linked with anticipatory competency; given that they do
not consider precautionary measures and risks, and in self-awareness competency; given that
their policies concern other citizens.

Generally, the use of problem-based assignments can enhance capacity for flexible knowledge
with new information acquired through self-directed learning (Bishop & Verleger, 2013).
Flipped classroom can help build a positive social learning environment (Steen-Utheim &
Foldnes, 2018). This is highly useful in a course such as the ones we describe here since it
brings together multiple student groups, but experience also shows that it is more difficult to
conduct in purely digital settings (Kim et al., 2014). Concrete feedback from the students was
that they would strongly prefer to have a physical venue for the flipped classroom. They also
pointed to success factors reported by others for flipped classroom (Gilboy et al., 2015; Rotellar
& Cain, 2016): more clear and concise pre-class preparations (what should be known, not what
should be done), use of check-in assessment (quiz or checklist), and a suitable work effort
within the given time window, and effective digital and other in-class learning materials.

CDIO Standards

This section references first the alignment between the learning activities and the CDIO
Standards 3.0, followed by a short discussion of relevance for Optional Standards 3.0.

The discipline knowledge in the courses is in support of environmental, social and economic
sustainability knowledge in the context of engineering education (Standard 1: The context),
supporting the rational that for engineers to contribute to develop appropriate technical
solutions they need to understand the implications technology has on sustainability factors
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(Standard 2: Learning outcomes). The student-centered learning activities are particularly
relevant for personal skills, and through collaborative and peer-to-peer evaluation to develop
concepts, competencies, and interpersonal skills (Standard 3: Integrated curriculum).

Learning workspaces, especially the digital learning environment, is intrinsic to the cases that
we describe (Standard 6: Engineering learning workspaces). Activities are conducted within
digital environments and use various digital tools, with problem-based cases providing
integrated learning experiences (Standard 7: Integrated learning experiences). The open,
interdisciplinary problem-based assignments are student-centered and experiential (Standard
8: Active learning). The experience from conducting these exercises in the course is that the
non-disciplinary learning is more challenging to achieve and leading to most of the practical
obstacles (peer feedback, group formation, role clarification, collaboration agreements, fair
distribution of workload, etc). According to Standard 8, teaching and learning should be based
on active and experiential learning methods to engage students directly in thinking and
problem-solving activities. A variety of learning assessment methods is applied, including
formative sense peer-to-peer evaluation, quizzes, auto-grading and oral feedback, and as
summative the final exam and the final report (Standard 11: Learning assessment).

The learning activities can contribute significantly to the fulfilment of CDIO Optional Standards
3.0, as they allow students to meet a course rich with sustainability learning experiences
(Optional 1), apply simulation mathematics (Optional 2), and work with engineering
entrepreneurship (Optional 3), all of which are competencies required to address sustainable
engineering.

DISCUSSION
Scalability of Student-centered Activity and Key Abilities

Rather than one-way communication from an active teacher to passive students, student-
centered learning practices shall engage students in autonomous learning and active
participants in the learning process, as individuals and groups (Jones, 2007). Scalable student-
centered learning activities are operable also with large student numbers and should
encourage durable and deeper learning through promotion of important life-long learning
competence such as growth mindsets, self-efficacy, and self-regulation, all of which also
increase student retention and success (Hempel et al., 2020). We can easily confirm that these
outcomes align with the sustainability competencies in Table 2, including collaboration
competency (learn from others) and self-awareness (deal with one’s feelings and desires).

The activities in Table 3 are designed for scale, i.e., they should facilitate close to endless
number of students. With the online platform, peer review is highly scalable, while also
enhancing active, reflective, and participatory learning (Colbert & Arboleda, 2016). Similarly,
the massive online course material and the auto-graded computation assignments have no
limitation except for managing and communicating registration and acceptance (and remind
those that do not pass). This leaves the two project-oriented activities: the project-based
assignment and the flipped classroom sessions. We start with the latter.

High-quality learning materials, experiential training workshops, and ongoing classroom-based

and online support is key for success in scaling education programs, yet must also be followed
by positive interaction and social participation in the learning activity (Colbert & Arboleda, 2016).
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There are challenges with achieving active participation in digital learning environments.
Enforcing mechanisms, or positive alignment, may be used to improve participation, such as
improving the pre-class and preparatory material (Han & Klein, 2019; Rotellar & Cain, 2016).
Certain trades are made between the scalability of the online format and the benefits of
physical meeting rooms, as described by Kim et al. (2014). In physical flipped classrooms,
upscaling requires venues, as well as an increase in support form lecture assistants or
conducting course parallels to handle the large student numbers. This is especially required
INGX2300 which distribute across campuses.

The project-based assignment includes a final report that is graded. The student activity itself
scales well and can be supported using digital platforms. Peer-review and collective evaluation
is used for the midterm presentation, both are scalable, formative evaluations. The major limit
for scaling the project-based assignment is the summative grading and project support.

Synthesizing Table 3 we find that excluding the problem-based activities, i.e., project-based
learning and the flipped classrooms, all the abilities under systems thinking competency will
be met by one of the other three activity types. Within anticipatory competency, ability 2a and
2e are only met by the project-based activities, and the same is seen for the normative
competency 3b (negotiate values). To support understanding of various futures (2a) and to
deal with risks (2e) and trade-offs requires the involvement in the two less scalable activities.
The same concerns strategic competency (4a), and most of the abilities under collaborative
competencies (5b, 5c, 5d, 5e) except for learning from others. The three abilities within critical
thinking competency are answered by the scalable activities in concert, as well as by the two
problem-based activities. One of the abilities under self-awareness competency, 7b (evaluate
and motivate one’s action), and the integrated problem-solving ability (8a), is not answered by
any of the scalable activities and requires either project-based activity or flipped classroom
activity.

The TEP4295 course has been provided also as an online self-study course using the same
learning materials. This implies that all parts of the course, including the flipped classroom
sessions, can be conducted without synchronous and limited guidance. Students that follow
the self-study version report lower motivation to complete the course. The grade outcomes are
comparable in the online self-study and the conventional course formats, even if student
numbers in the self-study course are too low to allow fair comparison. However, the lack of
guidance and teacher attention is frequently pointed out by the students that feel that the
outcome is limited by the digital format.

Student Feedback and Changes for Next Year

Student feedback provides a valuable input to further develop the activities and ensure
alignment. This section summarizes the student feedback, as interpreted by the course
administrator.

Students respond positively to the text assignment with peer review. They are frequently
surprised by the request to write a subjective text in an engineering course, which many say
they have not done since high school. In other words, the engineering students consider their
field a technical and science-oriented one and extend this also to sustainable engineering. This
emphasizes the need to integrate non-technical and organizational aspects into engineering
education to better the competencies for sustainability (Segalas et al., 2009). Another
unexpected, yet more frustrating observation, is made by the students for the auto-graded
computation assignments, when they realize they need to program in a course on sustainability.
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Arguably some of the assignments were in development into the course period and were also
updated several times due to errors in the problems or solutions, causing students to question
the correctness of the assignments and grader. We note here that self-efficacy may be specific
to discipline, so that efficacy in one discipline does not necessarily transfer to another (Hempel
et al., 2020). Having a growth mindset and self-reliance is important for life-long learning, and
particularly so for sustainable engineering where future solutions must be different from those
we see today. The need to learn technical skills, such as programming, to work with less
technical problems, such as sustainability, makes for a very integrative learning experience.
Changes to the computational assignments involve connecting them to the flipped classroom
sessions, and these are described further below.

The massive online course material is generally received with positive feedback. It appears
many students speed their way through the material and consider it a replacement rather than
supplement for the textbook. The module contains also questions for reflection and discussion,
discussion boards and quizzes, and many of these are not completed or the pedagogical effect
of them is missed, indicating improvement potentials in the design, and perhaps also in the on-
boarding of students. This observation supports what we stated earlier that the online course
material rather can be considered a pre-requisite for the other learning activities rather than an
independent activity.

The most appreciated activity is the project-based assignment. It offers the students freedom
to pursue their own interest within the bounds of the problem and build an integrated and
collaborative learning experience. Surveys confirm it is the assignment they invest most time
in. It forms part of their summative grade, which for many of the students is highly motivating.
A physical start-up was recommended after the first year in 2022, to initiate group formation
and start the concept development.

The most challenging activity is the flipped classroom. The students are not provided with
solutions for the problems presented in these sessions, although students generally ask for
them. Active group formation is rather low, where few students end up working in groups and
many do not complete the problems. The importance of alignment between the elements of a
learning activity, and for flipped classroom also preparatory material, digital tools, problem
description etc, is a recurring issue and has been reported by many (Gilboy et al., 2015;
Reeves, 2006; Rotellar & Cain, 2016). Improvements to these will add to the value of the
flipped classroom sessions. Many students reported frustration with not learning much from
these sessions, and that they had to learn for themselves afterwards. It is well known that
flipped classroom does not suit everyone and tends to polarize a class of students (Stéhr et
al., 2020). On-boarding and building a consensus on the outcomes of flipped classroom is vital
for it to activate students and support the intended learning outcome (Gilboy et al., 2015). A
core conclusion from the feedback is to ensure buy-in and explain the connections between
the integrated learning experience and sustainability competencies (Davidson et al., 2021). A
very concrete opportunity to increase the perceived value of the flipped classrooms is to
connect them to the computation assignments, principally making the computational
assignments part of the preparatory material for the flipped classroom sessions. This can be
seen as constructing a stricter alignment between the computational assignments (which
involve the mathematics of sustainability assessment), and the flipped classroom activities
(which focus on the concepts and theoretical aspects of the assessment methodology).
Another concrete opportunity is to develop a form of check-in assessment to motivate
preparation and reveal gaps. Both check-in quiz and integration with computational
assignments were implemented for 2023. Feedback from the (hybrid) revised flipped
classroom sessions in TEP4295 included the need to more concretely integrate anticipatory,
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normative and critical thinking, and allow more collaborative activity. As outlined above, the
ultimate development of these competencies is hampered by the digital format. Further
development should seek formats that involve increased dialogue and collaboration.

CONCLUSIONS

We identify many alignments between the student-centered learning activities and the full list
of key sustainability competencies and related abilities in education for sustainable
development. There are multiple connections between the activities, meaning that several
activities match each ability. This can be seen as a strength in the courses, that the courses
offer a portfolio of activities to support a multitude of sustainability competencies.

The major competence building is offered by the two activities that are more difficult to scale
to many students, i.e., the project-based assignment and the flipped classrooms. Successful
scaling of these will rely on better on-boarding students to the intention of the activities to let
them take more active ownership of their education. Increasing the resource effectivity of
education is a general challenge. Scaling higher education therefore is not a challenge specific
to sustainability education, however, it is an area that is not well researched. The examples
that we describe in this paper highlight that measures for successful scaling exist, e.g., auto-
grading assignments and peer review. These measures also closely resemble what has been
proposed elsewhere as measures to improve student success. Scalable student-centered
learning activities should promote important life-long learning competence: growth mindsets,
self-efficacy, and self-regulation (Hempel et al., 2020), which would also add to the resource
efficiency of the activities. To revert to the idea of student-centered learning, it should involve
practices to engage students in autonomous learning and active participation (Jones, 2007).
Successful scaling of the activity require changes in both teaching and learning activities.
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