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Abstract: Teacher education for sustainable development (ESD) is faced with continuing unsustain-
ability trends, which require deep and enduring social transformation. Transformative learning
is a possible solution to facilitating reflection on the cognitive and socio-emotional processes un-
derpinning students’ learning towards sustainability. The purpose of this paper is to investigate
students’ perceptions of, and experiences with, technology-enhanced self-directed learning and de-
sign thinking as possible moderators of transformative learning in order to advance the concept and
practice of teacher ESD. These perceptions and experiences are represented by 225 pedagogical and
non-pedagogical students from the University of Ljubljana, asked to respond anonymously to three
online questionnaires in May and June 2021. Findings indicate that strengthening the transformative
aspect of ESD in pre-service teachers requires the consideration of critical reflection, self-awareness,
risk propensity, holistic view and openness to diversity, and social support. Moreover, self-directed
learning was found to be a moderator for transformative learning among pre-service science teachers,
while design thinking was evenly developed among transformative learning for both low- and
high-ability students, no matter the study programme. The conditioning factors and explanatory
arguments for these results are also discussed.

Keywords: teacher education for sustainable development (ESD); transformative learning; self-
directed learning; design thinking; online learning; pre-service teachers

1. Introduction

Every education system, from primary school to university studies, faces the challenge
of equipping students with competitive knowledge and higher-order thinking, which are
skills needed for the 21st century [1], while having to design new learning spaces for ESD
to overcome planetary boundaries [2,3]. Higher education needs special attention because
its complex environment is directly related to the labour market, industry, society, and
sustainable development [1]. Thus, ESD “must play a central role in our unavoidable
commitment to build a sustainable future for the good of our society and the planet” [4].
Changing priorities and emerging technologies seem to be the driving change in pedagogy
and higher-education practices [5]. In the last two decades, higher education institutions
have made significant advancements in knowledge and digital skills, supported by rapidly
changing information-communication technology (ICT), but they do not seem to have
catalysed the necessary change to address today’s complex challenges [6], especially societal
changes towards sustainable development [3].

By merging physical space and cyberspace, we can use the Internet of Things, Big
Data, artificial intelligence, 3D technologies, and robotics to solve various social challenges
and balance economic development with environmental sustainability [7]. In this way, a
new kind of intelligence can reach every corner of society and people could find their daily
life more comfortable and sustainable [7]. The realisation of such a human-centred society,

Sustainability 2021, 13, 10443. https://doi.org/10.3390/su131810443 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-0487-8115
https://doi.org/10.3390/su131810443
https://doi.org/10.3390/su131810443
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su131810443
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su131810443?type=check_update&version=3


Sustainability 2021, 13, 10443 2 of 28

referred to as Society 5.0, requires highly-skilled, self-directed learners who are trained
and educated in different educational settings [8]. Thus, the need for pedagogical changes
cannot be overlooked [8,9], especially the inner dimensions of individuals, e.g., values,
beliefs, worldviews, mindfulness, self-awareness, compassion, empathy, and conscious-
ness [6,10,11]. Moreover, despite the prominence of sustainability as a concept, societies’
trajectories remain deeply unsustainable [12]. Sustainable development and education
about it are concepts used daily [2,13]. In this context, the 2030 Agenda for Sustainable
Development aims to achieve sustainable development in a balanced, integrated, and
indivisible manner in three dimensions: (1) economic, (2) social, and (3) environmental, as
proposed by the United Nations (UN) [14]. It is to be implemented through seventeen sus-
tainable development goals (SDGs). Thus, teacher education for ESD can be implemented
and advanced through SDG4 with six indicators that monitor and measure progress in
the education vertical, from initial education to life-long learning. The SDG4, according
to its target 4.4, aims to promote ESD by increasing the number of people with relevant
skills for labour market competitiveness including Society 5.0 ICT skills, while SDG4 in-
dicator 4.7, aims to promote ESD by acquiring knowledge and specific and transversal
skills in learners of all age groups through cognitive and non-cognitive pedagogies [15].
To achieve this, several authors [3,4,6,16,17] have argued that ESD should involve more
transformative learning “to encourage tomorrow’s leaders to be committed to developing
a sustainable behaviour in their relationships, inside every organization, at institutional
and public-management level” [16].

Many teachers and educators face this challenge in their fields since most lessons are
delivered through rote or assimilative learning, where students acquire new information
that can easily fit into their pre-existing knowledge structures, as in the field of sciences
and mathematics, while teacher education and economics are very familiar with active
approaches [17–20]. Despite various active learning approaches being included in teacher
education curricula, a lack of developed competencies for ESD has been identified [21].
Thus, to make a pedagogical change that enables the transition from traditional to transfor-
mative learning, several authors suggest introducing innovative ICT-enhanced pedagogies
based on metacognitive strategies [2,22–25], which establish self-directed learning as a
foundation of transformative learning, as argued by [26].

The approach that should be used for developing transformative learning in pre-
service teachers is still under debate since transformative learning might lead to the direc-
tion of ESD [6,16,25,27,28], where societal changes are needed [29,30]. While rote learning
might help identify SDGs, active learning methods are needed to develop students’ self-
awareness and evaluation of the merit of each goal and indicator [16]. Transformative
learning approaches in teacher ESD are seldom, but some efforts have been made toward
the creation and standardization of new learning spaces which bridge learning with action
and social transformation [25]. A common teaching challenge in pre-service teacher educa-
tion is designing curricula and running courses that help students unlearn common-sense
beliefs, make a paradigm shift while revising and not only augmenting previous knowl-
edge [17]. Thus, pre-service teachers could be aware of how and why their assumptions
have come to constrain the way they perceive, understand, feel, act and, finally, they will
be able to make important choices and act upon these new understandings [31] toward
sustainable development.

To bridge the gap between ESD and transformative learning, educators or instructors
must create learning environments that encourage intellectual openness and enhance extra-
rational processes and social critique [25,32]. Here, technology-enhanced teacher–student,
teacher–society, student–student, and student–society interactions are proposed as interac-
tions in traditional and virtual classrooms that can be synchronous or asynchronous [33].
It may be that the use of various student-centred approaches to active online learning,
such as self-directed learning and design thinking, develops both cognitive and affective
structures for transformative learning in pre-service teachers [8,34].
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1.1. Transformative Learning, Self-Directed Learning, and Design Thinking in Teacher Education

Mezirow defines transformative learning as “learning that transforms problematic
frames of reference—sets of fixed assumptions and expectations (habits of mind, meaning
perspectives, mindsets)—to make them more inclusive, discriminating, open, reflective,
and emotionally able to change” [35]. Transformative learning goes beyond knowledge ac-
quisition and the way we learn and integrate knowledge into our lives and worldviews [31].
There are different strands of transformative learning but all share an emphasis on expe-
rience, critical reflection, and dialogue in the learning process [36]. The transformational
learning experience can be facilitated when teachers or educators expose learners to other
perspectives within the context of a trusting environment and encourage them to move
beyond the safety of their worldviews [37,38] (pp. 284–328). Educators should also become
more socially responsible, independent, and rational, with a deeper self-awareness, more
open perspectives, and a wider worldview [39].

For pre-service teachers’ education, authors [17,40,41] have highlighted four perspec-
tives in transformative learning to improve pedagogical abilities: (1) consciousness-raising,
(2) critical reflection, (3) personal growth and change, and (4) individuation. When ap-
plying transformative learning theory to teachers’ development, transformation displays
enaction in the learner, which can be seen as pre-service teachers’ ability to reintegrate into
their life their new perspective [17]. Thus, learning and enactment of new perspectives
can occur by transforming meaning perspectives [42]. Social support in new collaborative
spaces and self-directed learning are crucial factors for dealing with various sustainability
challenges [25]. By providing conflicting perspectives in sustainability, pre-service teachers
may be motivated to examine their perspectives [20]. These new collaborative spaces
should also enable creative engagement in a series of interpretive acts that involve generat-
ing, experimenting, collaborating, reflecting, and acting on novel ideas [19]. Both creativity
and transformative learning can change the way of thinking, knowing, and shifting per-
spectives, and creativity could serve as a catalyst for transforming the ways in which a
teacher and students acquire knowledge in the reflective process of learning [19]. Reflective
learning can be seen as an active self-directed process, in which students determine the
information or skills they need and acquire them [43] Thus, it may bring students into a
cycle of responsibility [44].

Self-directed learning is essential in 21st-century educational institutions, especially in
the field of higher education and in teacher education [45,46]. Moreover, it can be seen as a
possibility where a learner acts equally in the roles of transmitter and recipient of learning
measures [47,48]. Self-directed learning has gained visibility in these last decades, especially
when active student engagement was enabled through active learning [45]. Although
student-centred learning has been highly promoted and practised in pre-service teacher
education, especially when work is organised in different workshops and learning projects,
we are questioning the ability of self-directed learning to prepare future teachers for the
collective changes they face in real life. Some issues have arisen concerning the efficacy of
active learning approaches since Kirschner, Sweller, and Clark [49] have argued that any
active learning with minimal guidance leads to working memory overload. Apart from this,
when epistemological beliefs are presented to students out of the context of the particular
discipline, they tend to feel a deep state of disconcertedness and they lean on grades as the
measure of achievement [45]. Such top-down examination reinforces disempowerment [50],
including the study programmes that employ self-directed learning [51].

Moreover, ESD can be jeopardised due to emergencies in education, such as COVID-19.
Thus, Servant-Miklos and Noordegraaf-Eelens [45] have argued that self-directed learning
might not be able to prepare students for addressing societal challenges, which is why an
alternative rationale for higher education is urgently needed. Thus, the bridge between
learning and action is a core element of social transformation, as argued by [25]. Several
authors have found this perspective in design thinking, which requires a metacognitive
approach to cope with design, societal, or environmental challenges [8,52–57].



Sustainability 2021, 13, 10443 4 of 28

Design thinking has many perspectives, but the mainstream one has been established
by Stanford University researchers [58], which involves: (1) empathy, (2) problem defi-
nition, (3) ideation, (4) prototype, and (5) solutions testing and finalising with product
elaboration, communication, and identification of new or potential users and functionality
for product performance improvement. As argued by [8], design thinking “shows values
such as practicality, ingenuity, empathy, and appropriateness, as well as values rooted
in humanity, e.g., subjectivity, imagination, commitment, and justice, as human-centred
design is socially situated in values and sense making”, also argued by [59–61]. A design
thinker as a transformative learner is able to draw from multiple perspectives and see
beyond others, imagining novel solutions that are better than the existing alternatives.
Moreover, they should be able to explore constraints [62] and create and share team knowl-
edge in interdisciplinary interactions [63]. Benson and Dresdow [63] have provided a
rationale for design thinking as an approach for transformative learning since design
thinking: (1) supports focusing on the values and questions people really care about, (2) is
multidimensional and goes beyond disciplines, (3) is able to produce explicit purposes
for multiple stakeholders and learning outcomes that address these purposes, (4) enables
interdisciplinary reflective conversations to create transformation space where multiple
opportunities for different members of the educational community can be enriched, (5) en-
courages risk-taking, exploration, and creative trade-offs, and (6) enhances social critique
which helps strengthen the relationship between curriculum, learning experiences, and
the needs of students, business, and society. Moreover, Dorst [55] suggests the use of
abduction in combination with a disorienting dilemma in the design thinking process,
wherein students only know the value which users need, while the subject matter together
with conceptualisation are unknown, and this challenges what students believe [55] and
increases motivation since it sets students up for failure. Since the design thinkers tend
to learn from failure, which increases their motivation [64], it could also increase their
self-awareness when they realise that their current knowledge is insufficient to solve a
problem, thus, triggering transformative learning [32].

Transformative learning, supported by self-directed approaches to learning and design
thinking, can also improve pre-service teacher education and help educators be better
prepared to support student learning when they enter the field [17,46,65,66]. Moreover,
such framed learning activities might develop pre-service teachers’ critical consciousness
and increase reflection of social conditions, since pre-service teachers are more likely
to resist critical education practices that challenge their notions of the self, society, and
their interaction [65]. It seems that transformative learning results of pre-service teachers,
achieved through design thinking and self-directed learning and supported by active
learning methods, can enable teachers to cope with the biggest challenge in the classroom
today—learner variability [17,65].

1.2. Teacher Education at the University of Ljubljana

Teacher education at the Faculty of Education of the University of Ljubljana (UL) is
recognised worldwide with its quality of pedagogical work and research, while several
networks in international projects and the mobility of staff and students further strengthen
the role and position in the Slovenian academic space with its central position in the devel-
opment of competences of ESD [67]. The Faculty of Education UL offers study programmes
in pre-school and primary school education and some programmes for two-subject teachers
in lower secondary school, e.g., a science, mathematics, and technology teacher. Primary
teacher education aims to educate and train students for teaching in primary school grades
1–5, while a two-subject teacher education aims to train and educate future two-subject
teachers for teaching two subjects in grades 6–9 in lower secondary schools. Pre-service
teachers combine different study areas, such as chemistry–biology, mathematics–physics,
mathematics–technology, chemistry–physics, biology–home economics [67]. Pre-service
teachers of two-subject study programmes for teacher education acquire: (1) the funda-
mental professional knowledge from two subject areas, important for education in each
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subject area, (2) specialist didactic knowledge from the two selected subject areas of edu-
cation together with practical pedagogical training, and (3) the fundamental professional
knowledge from the areas of pedagogy, psychology, philosophy, and sociology, relevant for
working in education [67].

In recent years, an extensive effort has been made towards introducing ICT-supported
teaching and learning to provide a solution to contemporary issues in 21st-century edu-
cation, including establishing conditions for implementing SDGs in university teaching.
Through various projects during the last decade, a lot was invested in ICT equipment
and training to follow the trends of effective educational technology in teacher education
and provide the most effective learning experience possible. There is active ICT-enhanced
learning for primary and two-subject teachers’ programmes, especially in learning projects,
laboratory work, and other hands-on learning workshops [68]. In 2017, the University
of Ljubljana launched two projects to improve the use of ICT in the pedagogical process,
co-funded by the European Union (European Social Funds). The first one, called Digital
University of Ljubljana, targeted all twenty-six faculties as members of UL, with all study
programmes. The second project, called ICT in pedagogical study programmes at the
University of Ljubljana, targeted only nine faculties of UL to deliver pedagogical study
programmes. The second project aimed to train students and future primary and secondary
school teachers to use ICT in the learning process. In addition, the role of ICT is recognised
as crucial in enabling creativity and innovation in education, training, and learning in
general [69]. Some of the project outputs were quantified as follows: (1) sixty-five pilot
updates of study subjects intended for the training of future teachers in primary and
secondary schools in different subject areas; (2) organization of four international expert
conferences to deepen knowledge about the possibilities of using ICT in different content
areas, share best practices and experiences between teachers and colleagues, and present
partial results of the project; (3) organization of ten workshops on the use of ICT in the
pedagogical process (e.g., language systems, interactive learning materials, collaborative
learning environments, didactic games, Moodle, accessibility of virtual and augmented
reality technologies in teaching, creative laboratory in the pedagogical process, develop-
ment of multimedia learning materials (basic video production, tools and procedures for
video editing); (4) individual consulting (120 h) to support higher education teachers and
associates; (5) according to the needs expressed by teachers and associates developing sup-
porting instructional materials and video tutorials (fifty-three instructional materials/video
tutorials) available on the project website; (6) creation of professional bases for the didactic
use of ICT in the educational process in six content areas e.g., languages, social sciences
and humanities, mathematics–computer science–engineering, natural sciences, arts, and
interdisciplinary [69]. As a spin-off of the described projects, a Centre for Digital University
of Ljubljana was established in 2020 to support the use of ICT in the pedagogical process at
all twenty-six faculties of the University of Ljubljana proved to be very useful when the
COVID-19 pandemic broke out.

For effective and high-quality technology-enhanced teaching and learning, there is a
need for further studies and more insights, for example, to study how technology-enhanced
active learning can advance the concept and practise of teacher education ESD.

Studies on pre-service teacher ESD do not focus on the efficacy of self-directed learning
as the basis of transformative learning, considering that self-directed learning is not able to
adequately prepare pre-service teachers to address societal challenges, as argued by [25].
Moreover, an alternative to effective transformative learning in higher education can be
found in the design thinking approach [8,20], but we are lacking evidence for design-based
transformative learning in pre-service teachers in online education.

1.3. Research Objectives

We hypothesise that a lack of confidence in one’s self-directed and design thinking
capabilities will not matter if training content is delivered through a less active learning
approach, while the effect of active learning on learner confidence will depend on the
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level of self-directedness in learning and on the level of design thinking, such that pre-
service teacher study programmes with more active learning modalities will result in lower
transformative learning for those who feel less competent in their self-directed learning
and design thinking.

Our study investigated how students from teacher education and architecture study
programmes perceive and experience transformative learning on ESD and how it is influ-
enced by their online self-directed learning and design thinking. The following research
questions (RQs) guided this quantitative study:

RQ1: How do students across pedagogical and non-pedagogical study programmes perceive online
self-directed learning?

RQ2: What is the level of design thinking in students across online pedagogical and non-pedagogical
study programmes?

RQ3: Which abilities for transformative learning in pre-service teachers are useful in giving
concreteness to teacher ESD?

Hypotheses (H) created against the theoretical background are:

Hypothesis 1 (H1). Self-directed learning will moderate the effect of the teacher education study
programme on transformative learning.

Hypothesis 2 (H2). Design thinking will moderate the effect of the teacher education study
programme on transformative learning.

Hypothesis 3 (H3). Pre-service teachers have higher social skills, self-awareness, and critical
thinking and reflection skills than their non-pedagogical counterparts.

2. Materials and Methods

Technology-enhanced learning can expand opportunities in many areas of learn-
ing [33]. For example, it can be very sensitive to transformative learning because the nature
and direction of synchronous and asynchronous online learning can affect the modelling
of the cognitive system [32,33]. For effective learning, sensory memory, working memory,
and long-term memory must be activated before new information is conveyed. Thus, if the
instructor or organiser fails in designing the tasks, too much information can interfere with
both knowledge and skill acquisition [54]. Consequently, this may lead to outcome bias.
Therefore, research design plays a crucial role in valid results [70].

The present empirical study was carried out through a quantitative approach. In
particular, a survey was conducted to understand the transformative learning in pre-service
teacher online education needed for education and training for sustainable development.

2.1. Online Teaching and Learning Context

Online teaching and learning were used in both pedagogical and non-pedagogical
study programmes after the COVID-19 pandemic started in March 2020, and the proportion
of synchronous learning was similar for all. The teachers who delivered the online courses
had varying levels of ICT skills and had taught entirely online for three semesters since the
pandemic outbreak (Table 1). Teachers of architecture study programmes were found to be
advanced ICT users at the University of Ljubljana [71].
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Table 1. Description of the study process at the University of Ljubljana related to ICT use prior to and during the COVID-19
pandemic.

Study Process in Academic Years 2017 and
2018

Study Process in the Academic Year
2019/20

Study Process in the Academic Year
2020/21

Higher education teachers and associates
implemented face-to-face teaching at the
Faculty of Education UL during the whole
academic year, thereby using the support of
ICT in their teaching. In the state-of-the-art
report at the Faculty of Education UL,
Radovan et al. state that “Most of the
educators do a lot of research into the
possibilities offered by ICT. They show
interest, participate in several projects related
to innovative didactic approaches supported
by ICT. Innovative didactic approaches are
more widely used by the pedagogues in
comparison to colleagues from other
faculties, so they are also more critical of the
use of ICT and use it where it is considered
pedagogical process added value” [71].

Winter semester (1 October 2019–17
January 2020). Higher education
teachers and associates implemented
face-to-face teaching on all faculties of
the University of Ljubljana, thereby
using the support of ICT in their
teaching similarly to previous years.
Summer semester (17 February 2020–29
May 2020). The teaching started
face-to-face in all faculties of the
University of Ljubljana. It shifted to
online teaching according to the request
by the authorities of the University of
Ljubljana on 12 March 2020 [72]. In
order to support distance learning, the
University of Ljubljana provided, to all
higher education teachers and
associates, MS Teams and Zoom
licences. The Centre Digital UL [73]
provided the training and support to
educators in distance teaching also.
Between 3 May 2020 and 29 May 2020,
the recommendation was to combine
online teaching with face-to-face
hands-on activities in smaller groups of
students wherever possible [74].

Winter semester (1 October 2020–18
January 2021) and Summer semester
(15 February 2021–28 May 2021).
For the whole academic year, all
faculties of the University of Ljubljana
recommended combining online
teaching with face-to-face and
hands-on activities in smaller student
groups wherever possible.
Furthermore, the Ministry of Education
and Sports of the Republic of Slovenia
[75] and the University of Ljubljana
addressed the issue [76].
In order to support distance learning,
the University of Ljubljana provided
MS Teams and Zoom licences to all
higher education teachers and
associates. The Centre Digital UL [73]
provided the training and support to
educators in distance teaching also.

Higher education teachers and associates
implemented face-to-face teaching at the
Faculty of Architecture UL during the whole
academic year, thereby using the support of
ICT. The state-of-the-art report of the Faculty
of Architecture UL states as follows: “Most of
the educators in relation to other members of
the UL more often use ICT to find general
information, study procedures,
entertainment, and social networks. They
often use ICT in specific introductory
presentations, presentations of the results,
provide different kinds of feedback, motivate
students, support the research work with
students, implement problem- and
project-based learning, check students’ prior
knowledge, as well as in the assessment of
students’ knowledge. More often than
associates from other UL faculties, they use
the online collaboration environment, lecture
recordings, tools for
capturing/processing/storing and
publishing images in video” [71].

2.2. Sample

Participants for this study (n = 296) were recruited via an online classroom, Moodle,
where a link to questionnaires in Google Forms was provided. Exclusion criteria included
cases of missing data, those who completed the study in under fifteen minutes, and those
who failed an instructed response attention check. Three instructed-response attention
check items were included in the survey to detect inattentive respondents and improve data
quality [70]. There were 225 participants who successfully completed the study and met
all inclusion criteria. Participants were undergraduate students from pre-service teacher
education, and students from the Faculty of Architecture were included as a control group,
all at the University of Ljubljana, Slovenia, during the academic year 2020–2021. The
sample included more female (n = 201, 89.33%) than male participants (n = 24, 10.67%).
The distribution of students among different study programmes was as follows: 49 pre-
service two-subject science teachers, e.g., biology–chemistry, biology–home economics,
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chemistry–home economics, chemistry–physics; 55 pre-service two-subject technology
teachers, e.g., technology–mathematics and technology–physics; 54 pre-service primary
school teachers, and 67 architecture students were taken as a reference group. The chosen
pedagogical study programmes were derived from SDG4, according to its target 4.7, which
aims to promote ESD. Acquiring knowledge and specific and transversal skills is especially
important in pre-service teachers through cognitive and non-cognitive pedagogies [15]
to be able to transfer the competencies in their future pedagogical work. Primary school
pre-service teachers should be able to enhance transformative learning in students in the
early stages of education (ages 6–11), which continues in lower secondary school (ages
11–15), where two-subject science and technology teachers play a crucial role in ESD, as
argued by [1,68].

For this article, a shortened annotation of pedagogical students is as follows: Pre-
service science teachers, pre-service technology teachers, and primary school pre-service
teachers. The authors selected the architecture study programmes as an example of a
non-pedagogical study programme, where self-directed learning and design thinking are
well-articulated and developed in students towards sustainable development goals and
thoroughly used in teaching practice as an active learning approach [8]. Moreover, gender
distribution is very similar to that of pre-service teacher education.

At the end of the educational work with the students, they were informed about the
purpose of the study and were given instructions on how to fill in the questionnaires. As
this was a voluntary activity, students were free to withdraw from the study at any time
and were not incentivised to obtain responses.

The final sample of this study consisted of 225 students with a mean age of 21.08 years
(SD = 4.64).

2.3. Instruments
2.3.1. Self-Directed Learning

In our previous studies, we have successfully used Williamson’s questionnaire of self-
directed learning, which was proven as valid and reliable in detecting the skills required
for undergraduate architecture students [77]. Considering the above characteristics of
ESD, Williamson’s survey seems the most appropriate in detecting the skills required for
pre-service teachers [77].

The self-directed learning 60-item questionnaire was adapted with themes of sus-
tainable development and used to survey students’ perception of their ability in online
self-directed learning. The questionnaire, with five subscales, is well-explained in our
previous study [8]. These subscales are as follows: (1) Awareness, (2) Learning strategies,
(3) Learning activities, (4) Evaluation, and (5) Interpersonal skills.

Williamson’s original response scale as a 5-point Likert scale ranges from 5 (always)
to 1 (never). The Cronbach’s alpha tests show whether the scales are reliable, considering
the acceptable values suggested by [78], which should be greater than 0.70.

2.3.2. Design Thinking

Forty-five items were included to assess participants’ design thinking. We deliberately
chose adapted the Avsec and Jagiełło-Kowalczyk [8] metacognitive design thinking scale
with 13 subscales, which is based on Dosi et al.’s [64] questionnaire. A 6-point Likert
scale, ranging from 6 (strongly agree) to 1 (strongly disagree), used for self-assessment
of design thinking as a very complex and multi-faceted skill proved accurate enough, as
students were forced to avoid a central tendency or neutral position in the scale, as already
argued by [79–81]. For the purpose of this study, we have chosen only constructs which
support a model for developing effective design thinking processes “to overcome existing
shortcomings while improving interpersonal skills, creativity and digital skills, make
pedagogical changes, and enhance redesign of learning outcomes towards sustainable
development,” as argued by [8]. Moreover, the questionnaire can be suitable, given the
nature of ESD towards SDGs’ achievement in different learning spaces.
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The adapted design thinking questionnaire’s items used in the present study were
divided into the following 13 constructs, well-described in the study by Dossi et al. [64]
and explained in our recent study [8]. These constructs are as follows: (1) Embracing risk,
(2) Human centeredness, (3) Empathy, (4) Mindfulness and awareness of the process, (5) Problem
reframing, (6) Team knowledge, (7) Multi-/inter-/cross-disciplinary collaboration, (8) Open to dif-
ferent perspectives/diversity (9) Learning-oriented, (10) Experimentation, (11) Abductive thinking,
(12) Envisioning new things, and (13) Creative confidence.

2.3.3. Transformative Learning

The authors of the present study have measured transformative learning and its
phases using an adapted form of subscales from several valid and reliable surveys, e.g.,
Stuckey et al. [32], Cox [82], Madsen and Cook [83], and the LAS [84]. Romano [85] suggests
using a combination of surveys since such a composite allows “defining transformative
learning on several dimensions, considering the individual and the social dimension of
change and both the internal and the behavioural dimension of transformation “.

When developing the survey for transformative learning measurement, we had to
focus on different transformative learning outcomes, such as acting differently, having a
deeper self-awareness, more open perspectives, and experiencing a deep shift in world-
views, as suggested by [32]. Moreover, all outcomes cover the processes developed in
transformative learning on three levels: (1) cognitive (critical reflection, action, experiences,
disorienting dilemma), (2) extrarational (emotional, imaginal, creative), and (3) social sup-
port (social action, empowerment). These three levels are well-documented and explained
in the studies by [32,82–84,86] and successfully cover all ten phases of transformative
learning, as proposed by [38].

Original questionnaires by the aforementioned authors have either a 4-point or a
5-point Likert scale, while we used a 6-point Likert scale. We have chosen this scale because
the ultimate purpose of the instrument was to track the development of metacognitive
awareness for purposes of either self-assessment or research. A 6-point Likert scale used
for the self-assessment of transformative learning as a very complex and multi-faceted
process proved accurate enough, as students were forced to avoid a central tendency or
neutral position in the scale, as already argued by [79–81].

The newly generated 31-item instrument for transformative learning measurement
used in the present study was divided into the following 8 constructs:

1. Attitudes toward uncertainty. Three items were used from the Cox (2017) survey,
aiming to explore a level at which participants are comfortable with uncertainty
and suspending their judgement, to “view a solution as an imprecise and often
inconclusive concept, to engage in a process where the outcome, the amount of
knowledge, and the time needed for achieving the result are unknown” [8]. A
learner’s perception of uncertainty serves as a disruptive experience, whereby the
learner experiences a gap between expectation and observation. Thus, uncertainty
might encourage deeper reflection [82].

2. Criticality and reflection. Five items were used from the Cox survey [82]. Criticality,
or critical reflection, centres on the identification, critique, and reformulation of
underlying beliefs or assumptions [31]. Criticality may be prompted by a sense of
uncertainty or doubt regarding beliefs, which places a thought back into motion
through a learner’s re-examination of a belief [82].

3. Social support. Four items were used from the Cox survey [82]. Social support can
be seen through discourse or through experiencing other learners’ perspectives as a
means to frame and re-frame one’s own understanding [38]. Using teamwork and
social interactions, learners develop the necessary openness and confidence to deal
with learning by experiencing, reflecting on, and exploring uncertainty [87], both on a
cognitive and an affective level [88].

4. Considering and making changes in thought and action. Four items were reworded from
the Madsen and Cook survey [83], based on the LAS [84]. Acting differently refers
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to the consideration of past actions or behaviours, which results in a new set of
expectations guiding further action [37]. Transformative learning outcomes represent
the results of a reconstructive process, which is propelled at least in part by the
learner [82].

5. Awareness of the benefits of change and prediction of future behaviour. Four reworded
items were used from Madsen and Cook [83]. Having a deeper self-awareness might
help learners bring the unconscious to consciousness [32]. Thus, their capacity for
transformative learning enhances the transformation of sociocultural reality by acting
upon it [38,82].

6. Holistic view and openness to diversity. Four items were reworded from the Stuckey
et al. survey [32] and Cox survey [82]. Transformative learning outcomes, such as an
increased holistic view and openness, considering many factors, e.g., socio-economic
patterns, relationships, interdependencies, including people’s needs, organizational
constraints, and regulatory impact. Diversity can be seen for the purpose of the
present study as “working together in different teams and integrating various per-
spectives” [8]. Changes, as a consequence of transformative learning, can be seen as
not only what we know but also how we know [89].

7. Beyond rational/extrarational. Four items were used, reworded from the surveys
of [32,82–84], involving emotional level, creative confidence, desire to make a dif-
ference, and optimism. The development of extra-rational processes in students
could play a central role in empowering and motivating students towards ESD by
stimulating emotions, creativity, social dialogue, and imaginative learning, as claimed
by [32]. In addition, this ability can be a driver that moves students forward even
when they are unable to see a final image or have failed at a task [8]. It could be
that students with a strong transformative learning ability “have a desire to develop
the skills, structures, and processes to generate value from valuable insights, and
they are determined to convince someone of their idea and justify it if they find it
valuable” [8], which is also confirmed by [64]. Since creativity and transformative
learning embody strong cognitive and affective dimensions [90], a learner with greater
creative confidence will make the transformation of knowledge, skills, and attitudes
easier [19].

8. Disorienting dilemma. Three items were used and reworded from the Stuckey sur-
vey [32]. The disorienting dilemma is an important phase of Mezirow’s transformative
learning [38] and it leads to a sense of deep uncertainty, spurring critical reflection
of assumptions [82] and increasing the motivation to learn [20]. It can trigger events
occurring in a specific domain that initiates a transformative learning process [82].

The transformative learning items were subjected first to Exploratory Factor Analysis
(EFA), using IBM SPSS statistical software (v.25), confirming eight constructs. Evidence of
construct validity was provided with EFA. Kaiser–Meyer–Olkin (KMO) sampling adequacy
of the transformative learning measurement was 0.91, and Bartlett’s test of sphericity was
significant (p = 0.00 < 0.05). When Principle Component Analysis (PCA) was carried out,
the total variance of transformative learning factors was 72.9%; this means that at least 50%
of the variance could be explained by common factors and considered reasonable [91]. The
communalities h2 (variance of the variables) on the transformative learning questionnaire
were greater than 0.5, indicating that the extracted factors explained a more significant
proportion of the variance in a single item [78]. Therefore, measures are acceptable and
valid for further analysis as they are all above a cut-off of 0.3 [78].

In addition, we calculated the factor loadings using Oblimin rotation, where the
pattern matrix revealed that all the survey items had significant loadings greater than the
threshold of 0.5 (0.7) [78]. Finally, a pattern matrix was used to assess the EFA convergent
validity and the Confirmatory Factor Analysis (CFA). The CFA was carried out using the
IBM SPSS Amos (v.24) software programme.

The result of CFA of the transformative learning model indicated good fit (mini-
mum discrepancy per degree of freedom (CMIN/df) = 684.2/398 = 1.719, the index of
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comparative adjustment (CFI) = 0.956, the Tucker–Lewis index (TLI) = 0.931). However, pre-
vious studies demonstrated that the Chi-Square test is sensitive to sample size and model
complexity [92,93]. Therefore, more parsimonious models are preferred to complicated
models [92]. The parsimonious fit measure indexes used in this study were: the parsimony
comparative fit index (PCFI) = 0.81; parsimonious normed fit index (PNFI) = 0.78; and
parsimonious goodness of fit index (PGFI) = 0.71. Overall, according to Hair et al. [93]
these model fit indexes indicated that the model in this research was acceptable. The root
mean square error of approximation (RMSEA) value was less than the threshold value
of 0.08 (0.048). Thus, there was a good fit in each construct [94]. The probability of close
fit (PCLOSE) was greater than 0.05 (0.15), which indicates a good model fit [95]. All the
model-fit indices met a satisfactory range for a good model fit. All the CR values were
above 0.9, which surpassed the suggested threshold value of 0.7 [93], establishing the
constructs’ composite reliability (CR). Second, the convergent validity in this study verified
the following: (1) whether the average variance extracted (AVE) values were greater than
0.5 [96]; and (2) whether the factor loadings of all the items were significant and greater
than 0.5. If all the conditions were met, acceptable construct validity was indicated [93].

The AVE values ranged from 0.56 to 0.64, indicating suitable convergent validity. We
found that the CR values ranged from 0.78 to 0.88, which suggested internal consistency,
and that the other indicators of the model’s construct validity were good. Cronbach’s alpha
estimates ranged from 0.77 to 0.90, indicating appropriate internal consistency (Table 2).
All the Cronbach’s alpha values were higher than 0.60, presenting an acceptable level of
reliability [78].

Table 2. Summary for measurement model of the transformative learning questionnaire.

Subscale AVE SQRT(AVE) CR Cronbach’s
Alpha

Attitudes toward uncertainty 0.60 0.77 0.81 0.82
Criticality and reflection 0.56 0.75 0.86 0.87

Social support 0.62 0.79 0.87 0.84
Considering and making changes in thought

and action 0.64 0.80 0.78 0.83

Awareness of the benefits of change and
prediction of future behaviour 0.58 0.76 0.85 0.84

Holistic view and openness to diversity 0.56 0.75 0.83 0.81
Beyond rational/extrarational 0.64 0.80 0.88 0.90

Disorienting dilemma 0.58 0.76 0.80 0.77

Note. AVE = average variance extracted. SQRT(AVE) = square root of the average variance extracted. CR = com-
posite reliabilities.

It is necessary to determine the square root of every AVE value to establish discrim-
inant validity. The square root of the AVE of each construct should be greater than the
correlation of that construct with any other constructs [78]. Thus, it is first necessary to
obtain a component correlation matrix to observe the correlation of each construct with the
other constructs.

Table 3 shows the factor correlation matrix, with very low correlations among the eight
factors, i.e., the correlations did not exceed 0.43 (the upper limit was 0.7). The factors were
distinct and uncorrelated, which indicates high discriminant validity of those factors [78].
In addition, we calculated the factor loadings using Oblimin rotation, where the pattern
matrix revealed that all the survey items had significant loadings greater than the threshold
of 0.5 (0.7). This provided evidence for high validity; thus, high concurrent and predictive
validity of the results were verified [97].

The transformative learning measurement demonstrated adequate validity and relia-
bility for the dataset used in this study.
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Table 3. Factor correlation matrix.

Component 1 2 3 4 5 6 7 8

1 1.00 0.21 0.27 −0.43 0.30 0.32 0.24 0.39
2 1.00 0.13 −0.19 0.35 0.29 0.12 0.14
3 1.00 −0.23 0.09 0.23 0.05 0.19
4 1.00 −0.23 −0.36 −0.29 −0.39
5 1.00 0.28 0.22 0.17
6 1.00 0.25 0.34
7 1.00 0.24
8 1.00

Note. PCA extraction method and rotation using Oblimin with Kaiser Normalisation.

2.4. Procedure and Data Analysis

All three questionnaires were distributed online to the pre-service teachers and archi-
tecture students’ email addresses, with a link to the questionnaires. Students participated
in the study during online distance learning sessions at the end of the semester in May and
June 2021 throughout a study day. A high response rate was achieved because students
participating in the study spent time responding to the questionnaires during their peda-
gogical work. Ethical considerations were taken into account during data collection and
analysis, as well as privacy protection.

The data were analysed using SPSS Statistics, a software package commonly used for
statistical analysis in the social sciences. A descriptive analysis of the data was carried
out to describe and summarise the characteristics of a sample, expressed by the mean
and standard deviations. Due to the violation of normality of the distributions and the
nature of ordinal variables, the nonparametric test, Kruskal–Wallis, was used to detect
statistically significant differences between the different groups of students. An ε2 was
used as a measure of effect size, as proposed by [98]. Cronbach’s alpha coefficient was
used to estimate the reliability of the scales and subscales of the questionnaires used in this
study.

For a nuanced investigation of whether self-directed learning and design thinking
would moderate the effect of pre-service teachers’ education, overall trends were examined,
with participants divided into “higher” and “lower” self-directed learning and design
thinking groups, using a median split. After reviewing these mean trends, we conducted a
2 × 4 factorial analysis of variance (ANOVA), which included condition and self-directed
learning (design thinking) (lower vs. higher) as independent variables, and transformative
learning as the dependent variable. For a more nuanced investigation, we examined a
full range of self-directed learning (design thinking) as a continuous variable. To facili-
tate a multiple regression analysis, we created dummy variables for pre-service teachers’
education, where the architecture education group was the reference group.

2.5. Ethical Considerations

The Head of the Department of Physics and Technology at the Faculty of Education,
University of Ljubljana, asked students to participate in the research. The students were
informed about the purpose of this research, which aimed to improve teaching and learning
in teacher education for ESD, especially when it came to ICT-supported teaching in remote
and online environments. The concept of SDGs was introduced to students in various
courses of their studies, with particular attention to SDG4, as the ESD is an integral part of
this goal.

Participation in this study was completely voluntary, and students were given an
informed consent form, which also explained the necessary precautions to protect the
privacy of participating students. Students were also informed of the time it would take
them to complete the survey and the importance of answering as they thought and not as
they thought others expected them to. It was also pointed out that responses will be analysed
and presented in groups. Their identity would not be revealed under any circumstances.
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As we collected personal data, e.g., gender, age, year of study, course of study, students
were asked for informed consent to proceed with the survey. Students were also given the
opportunity to be informed about data collection, analysis, and storage details in this study,
which complied with the General Data Protection Regulation (GDPR) of the University of
Ljubljana. Upon enrollment, all students at the University of Ljubljana were informed that
the authorised person at the University of Ljubljana is responsible for protecting personal
data, monitoring and supervision counselling, and education at the University of Ljubljana
as per the GDPR.

3. Results

Prior to hypothesis testing, data were cleaned and coded, and each scale and cor-
responding subscales were tested for internal consistency. As suggested by [78], all
scales/subscales demonstrated sufficient internal consistency for basic research via Cron-
bach’s alpha scores above 0.70.

3.1. Perceived Ability for Self-Directed Learning

Means (M), standard deviations (SD), and differences in the subscales across the
pedagogical and non-pedagogical students can be found in Table 4.

Table 4. Comparative inferential analysis. Students’ mean scores on self-directed learning, and differences in the question-
naire subscales depending on the study programme of the participants.

Subscale

Non-Pedagogical
Study Programme

Pre-Service
Science Teachers

Pre-Service
Technology

Teachers

Pre-Service
Primary School

Teachers
Test Kruskal–Wallis Effect

Size

M SD M SD M SD M SD Value H Sig. p ε2

Awareness 4.01 0.38 4.09 0.48 4.26 0.50 4.15 0.48 12.89 ** 0.005 0.06
Learning strategies 3.79 0.48 3.89 0.54 4.13 0.54 3.99 0.47 16.83 *** 0.000 0.08
Learning activities 3.87 0.49 3.61 0.62 3.95 0.52 3.85 0.62 10.21 * 0.017 0.05

Evaluation 4.02 0.54 3.91 0.58 4.00 0.54 3.93 0.65 1.59 0.661 0.01
Interpersonal skills 3.76 0.46 4.01 0.53 4.20 0.58 4.16 0.53 27.65 *** 0.000 0.12

Total score 3.89 0.38 3.90 0.46 4.11 0.47 4.01 0.50

Significance level: * p < 0.05, ** p < 0.01, *** p < 0.001.

The reliability of the self-directed learning questionnaire was very high both in the total
scale and in the subscales measured by Cronbach’s α (0.96; from 0.82 to 0.87, respectively).
Therefore, the self-directed learning questionnaire proved to be a reliable and valid data
collection instrument suitable for use in teacher education [78].

The test for normality, Shapiro–Wilk, revealed a violation of normality assumption
across the study programmes (p < 0.05), suggesting the use of non-parametric tests. Students’
self-evaluated mean scores of the subscale items are shown in Table 4 and contrasted (using
Kruskal–Wallis test) based on the study programme group as the differentiating factor.

In the case of the study programme variable, we have significant differences in the
subscales of self-directed learning that appear in Table 4, although it must also be stated
that an effect size of ε2 is moderate, as calculated and interpreted by [98].

After Bonferroni-adjusted significance tests for pairwise comparison, we found signif-
icant differences at subscales of (1) Awareness between pre-service technology teachers and
the control group (H = 41.669, p = 0.003, relatively strong effect size ε2 = 0.19), (2) Learn-
ing strategies between pre-service technology teachers and the control group (H = 47.447,
p = 0.000, relatively strong effect size ε2 = 0.22) and between pre-service technology teach-
ers and pre-service science teachers (H = 33.837, p = 0.048, moderate effect size ε2 = 0.15),
(3) Learning activities between pre-service technology teachers and pre-service science teach-
ers (H = 38.837, p = 0.018, relatively strong effect size ε2 = 0.18), and at (4) Interpersonal
skills between pre-service technology teachers and the control group (H = 58.332, p = 0.000,
relatively strong effect size ε2 = 0.26) and between pre-service primary school teachers and
control group (H = 45.562, p = 0.000, relatively strong effect size ε2 = 0.21).
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Since the items of the self-directed learning questionnaire were focused on the subjects
of ESD, it was found that pre-service technology teachers had the most developed compe-
tencies of ESD, while architecture students as non-pedagogical students had difficulties
in some of the subscales of self-directed learning. This indicates a proper development
of initial design and technology education towards ESD using the self-directed learning
approach in the implementation of the SDGs, while other pedagogical study programmes
and architectural education still seem to have an insufficient implementation of ESD. Fig-
ure 1 shows the students’ average scores on each subscale of self-directed learning across
the groups of students or study programmes.

Figure 1. Students’ self-directed learning scores on questionnaire subscales with 95% confidence
intervals.

The differences between different constructs of self-directed learning were calculated
to find whether the constructs are evenly developed in students or some constructs are
underdeveloped against others. It might be helpful to provide more insights into the model
of self-directed learning as a dynamic, non-linear, and cyclic multi-step process [47]. The
resulting mean values of participants were compared. The differences observed between
these items are significant, with p < 0.001 (Friedman test: Chi-square value = 89.22; p = 0.000;
small effect size: Kendall’s W = 0.099). These significant differences also indicate that the
majority of students have the required level of self-awareness, are able to use basic learning
strategies and approaches, assess and monitor their knowledge and skill acquisition, and
have been involved in creating collaborative learning spaces and resources.

Wilcoxon’s rank test revealed the most underdeveloped subscale of Learning activities,
the most developed Awareness and Interpersonal skills (p < 0.001), while Learning strategies
and Evaluation can be treated as similar and moderately developed (p > 0.05).

3.2. Perceived Ability for Design Thinking

Students’ design thinking ability was assessed on a 6-point Likert scale against 13 sub-
scales of the questionnaire. Means (M), standard deviations (SD), and differences in the
subscales across the pedagogical and non-pedagogical students can be found in Table 5.

The reliability of the design thinking questionnaire was very high both in the total
scale and in the subscales measured by Cronbach’s α (0.96; from 0.75 to 0.88, respectively).
Therefore, the design thinking questionnaire proved to be a reliable and valid data collection
instrument suitable for use in teacher education settings [78].

Figure 2 shows students’ average scores expressed with a mean, where an equal
distance was assumed between ordinal values on the scale. Students, in general, have
evaluated themselves as above the average on all subscales of design thinking.
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Table 5. Comparative inferential analysis. Students’ mean scores on design thinking, and differences in the questionnaire
subscales depending on the study programme of the participants.

Subscale

Non-Pedagogical
Study Programme

Pre-Service
Science Teachers

Pre-Service
Technology

Teachers

Pre-Service
Primary School

Teachers
Test Kruskal–Wallis Effect

Size

M SD M SD M SD M SD Value H Sig. p ε2

Embracing risk 3.61 1.14 3.89 1.30 4.34 0.93 3.79 1.06 12.53 ** 0.006 0.06
Human centeredness 4.64 0.89 4.22 0.91 4.73 0.74 4.47 0.84 10.29 * 0.016 0.05

Empathy 5.00 0.84 4.96 0.81 5.21 0.75 5.00 0.75 3.15 0.371 0.02
Mindfulness and

awareness of process 4.29 0.75 4.50 0.72 4.75 0.80 4.46 0.72 11.98 ** 0.007 0.06

Problem reframing 5.20 0.72 4.69 0.89 4.78 0.86 4.71 0.90 15.57 *** 0.000 0.07
Team knowledge 4.62 0.71 4.83 0.69 5.05 0.71 5.03 0.65 16.83 *** 0.000 0.08

Multi-/inter-/cross-
disciplinary collaboration 5.26 0.65 5.16 0.71 5.18 0.72 5.06 0.71 3.03 0.391 0.02

Open to different
perspectives/diversity 5.04 0.67 5.27 0.69 5.30 0.67 5.21 0.66 7.66 0.054 0.04

Learning oriented 5.19 0.63 5.13 0.70 5.32 0.59 4.93 0.67 10.56 * 0.014 0.05
Experimentation 4.53 0.93 4.61 1.03 4.89 0.74 4.36 1.04 8.25 * 0.041 0.04

Abductive thinking 4.56 0.74 4.31 0.91 4.66 0.73 4.41 0.91 4.51 0.212 0.02
Envisioning new things 4.81 0.75 4.51 0.93 4.69 0.71 4.52 0.77 6.423 0.093 0.03

Creative confidence 4.59 0.92 4.66 0.93 5.07 0.82 4.47 0.82 14.97 ** 0.002 0.07
Total score 4.78 0.53 4.74 0.54 4.98 0.55 4.72 0.61

Significance level: * p < 0.05, ** p < 0.01, *** p < 0.001.

Figure 2. Students’ perceived ability for design thinking on 13 subscales with 95% confidence intervals.

A mean value of 5 was exceeded on subscales of (a) Empathy, (b) Multi-/inter-/cross-
disciplinary collaborative teams, (c) Open to different perspectives/diversity, and (d) Learning-
oriented, while it seems that Embracing risk is just above the average, as one less developed.

The test for normality, Shapiro–Wilk, revealed a violation of normality assumption
across the study programmes (p < 0.05), suggesting the use of non-parametric tests.

Students’ mean scores on the subscale items are contrasted (using Kruskal–Wallis)
based on the study programme as the differentiating factor. In the case of the study
programme variable, we have significant differences in the subscales of design thinking
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that appear in Table 5, although it must also be stated that an effect size of ε2 is weak to
moderate, as calculated and interpreted by [98].

After Bonferroni-adjusted significance tests for pairwise comparison, we found signif-
icant differences at subscales of (1) Embracing risk between pre-service technology teachers
and the control group (H = 40.141, p = 0.004, relatively strong effect size ε2 = 0.18), (2) Hu-
man centeredness between pre-service technology teachers and pre-service science teachers
(H = 34.669, p = 0.036, moderate effect size ε2= 0.15) and between pre-service science
teachers and pre-service primary school teachers (H = 32.643, p = 0.043, moderate effect size
ε2 = 0.14), (3) Mindfulness and awareness of process between pre-service technology teachers
and the control group (H = 39.591, p = 0.004, relatively strong effect size ε2 = 0.18), (4) Prob-
lem reframing between pre-service technology teachers and the control group (H = 32.761,
p = 0.032, moderate effect size ε2 = 0.14), between pre-service science teachers and the
control group (H = 39.121, p = 0.008, relatively strong effect size ε2 = 0.17), and between
pre-service primary school teachers and the control group (H = 38.667, p = 0.006, moderate
effect size ε2 = 0.15), (5) Team knowledge between pre-service technology teachers and the
control group (H = 44.715, p = 0.001, relatively strong effect size ε2 = 0.20) and between
pre-service primary school teachers and the control group (H = 35.428, p = 0.017, relatively
strong effect size ε2 = 0.17), (6) Learning-oriented between pre-service technology teachers
and pre-service primary school teachers (H = 39.461, p = 0.009, relatively strong effect size
ε2 = 0.18), (7) Experimentation between pre-service technology teachers and pre-service pri-
mary school teachers (H = 33.957, p = 0.037, moderate effect size ε2 = 0.15), and (8) Creative
confidence between pre-service technology teachers and pre-service primary school teachers
(H = 45.651, p = 0.001, relatively strong effect size ε2 = 0.20) and between pre-service tech-
nology teachers and the control group (H = 34.183, p = 0.023, moderate effect size ε2 = 0.15).
Epsilon square effect size was calculated and interpreted, as proposed by [98].

3.3. Perceived Ability for Transformative Learning

Students’ transformative learning ability was assessed on a 6-point Likert scale against
8 subscales of the questionnaire. Means (M), standard deviations (SD), and differences in
the subscales across the pedagogical and non-pedagogical students can be found in Table 6.

Table 6. Comparative inferential analysis. Students’ mean scores on transformative learning, and differences in the
questionnaire subscales depending on the study programme of the participants.

Subscale

Non-Pedagogical
Study Programme

Pre-Service
Science Teachers

Pre-Service
Technology

Teachers

Pre-Service
Primary School

Teachers

Test
Kruskal–Wallis

Effect
Size

M SD M SD M SD M SD Value H Sig. p ε2

Attitudes towards uncertainty 3.72 0.74 3.92 0.75 4.57 0.77 3.96 0.97 30.77 *** 0.000 0.14
Criticality and reflection 4.92 0.87 4.86 0.89 5.15 0.62 4.45 0.90 18.11 *** 0.000 0.09

Social support 4.98 0.71 5.15 0.75 5.33 0.79 5.17 0.65 10.77 * 0.013 0.05
Considering and making

changes in thought and action 4.82 0.62 4.57 0.82 4.83 0.69 4.63 0.71 4.86 0.183 0.02

Awareness of the benefits of
change and prediction of

future behaviour
4.55 0.64 4.85 0.57 5.00 0.71 4.73 0.65 18.11 *** 0.000 0.09

Holistic view and openness to
diversity 4.94 0.60 5.02 0.62 5.14 0.62 4.95 0.61 5.01 0.171 0.02

Beyond rational/ extrarational 4.79 0.72 4.73 0.72 5.05 0.68 4.62 0.74 12.99 ** 0.005 0.06
Disorienting dilemma 4.85 0.89 4.67 0.85 4.94 0.76 4.50 0.80 10.81 * 0.013 0.05

Total score 4.69 0.56 4.70 0.56 4.99 0.57 4.63 0.62

Significance level: * p < 0.05, ** p < 0.01, *** p < 0.001.

The reliability of the transformative learning questionnaire was very high both in
the total scale and in the subscales measured by Cronbach’s α (0.95, from 0.77 to 0.90,
respectively).

Therefore, the transformative learning questionnaire proved to be a reliable and valid
data collection instrument suitable for use in teacher education settings [66].
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The test for normality, Shapiro–Wilk, revealed the violation of normality assumption
across the study programmes (p < 0.05), suggesting the use of non-parametric tests.

Students’ mean scores on the subscale items are contrasted (using Kruskal–Wallis)
based on the study programme as the differentiating factor. In the case of the study
programme variable, we have significant differences in the subscales of design thinking
that appear in Table 2, although it must also be stated that an effect size of ε2 is weak to
relatively strong, calculated and interpreted as proposed by [98].

After Bonferroni-adjusted significance tests for pairwise comparison, we found sig-
nificant differences at subscales of (1) Attitudes towards uncertainty between pre-service
technology teachers and the control group (H = 63.383, p = 0.000, relatively strong effect
size ε2 = 0.28), between pre-service technology teachers and pre-service science teachers
(H = 47.715, p = 0.001, relatively strong effect size ε2 = 0.21), and between pre-service technol-
ogy teachers and pre-service primary school teachers (H = 46.456, p = 0.001, relatively strong
effect size ε2 = 0.20), (2) Criticality and reflection between pre-service technology teachers
and pre-service primary school teachers (H = 50.911, p = 0.000, relatively strong effect size
ε2 = 0.22) and between pre-service primary school teachers and the control group (H = 35.961,
p = 0.014, relatively strong effect size ε2 = 0.16), (3) Social support between pre-service tech-
nology teachers and the control group (H = 38.715, p = 0.006, relatively strong effect size
ε2 = 0.17), (4) Awareness of the benefits of change and prediction of future behaviour between
pre-service technology teachers and the control group (H = 48.874, p = 0.000, relatively
strong effect size ε2 = 0.22) and between pre-service technology teachers and pre-service
primary school teachers (H = 33.321, p = 0.046, moderate effect size ε2 = 0.15), (5) Beyond
rational/extrarational between pre-service technology teachers and pre-service primary school
teachers (H = 42.667, p = 0.004, relatively strong effect size ε2 = 0.19), and (6) Disorienting
dilemma between pre-service technology teachers and pre-service primary school teachers
(H = 35.981, p = 0.022, relatively strong effect size ε2 = 0.16) and between pre-service primary
school teachers and the control group (H = 32.441, p = 0.036, moderate effect size ε2 = 0.14).

Students, in general, have evaluated themselves as above the average on all subscales
of transformative learning (Figure 3). A mean value of 5 was exceeded on subscales of
Social support and Holistic view and openness to diversity, while it seems that Attitudes towards
uncertainty is just above the average, as one less developed.

Figure 3. Students’ perceived ability for transformative learning on 8 subscales with 95% confidence
intervals.
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3.4. Relationships between Self-Directed Learning, Design Thinking, Transformative Learning, and
Pre-Service Teacher Education

This study’s hypothesis predicted that self-directed learning and design thinking
would moderate the effect of pre-service teacher education on transformative learning.
First, we conducted a median split of self-directed learning and design thinking to divide
participants into “higher” and “lower” self-directed learning and design thinking groups.
This enabled the visualization of the transformative learning reported by those lower
vs. higher in self-directed learning and design thinking, per study programme condition
(Figure 4).

Figure 4. Relationship between self-directed learning, transformative learning, and study programme,
with 95% confidence intervals.

As shown in Figure 4, those higher on self-directed learning reported similar levels of
transformative learning across the four study programmes, with a modest trend toward
greater transformative learning reported by pre-service technology teachers. For those
lower on self-directed learning, the trends looked similar.

After reviewing these mean trends, we conducted a 2 × 4 factorial analysis of variance
(ANOVA), which included condition (study programme) and self-directed learning (lower
vs. higher) as independent variables and transformative learning as the dependent variable
(Table 7).

Table 7. Transformative learning by self-directed learning (lower vs. higher) and different study programmes.

Source Type III Sum
of Squares Df Mean Square F Sig.

p Partial η2

Corrected Model 32.50 a 7 4.65 22.32 0.000 0.42
Intercept 4777.55 1 4777.55 2,2961.90 0.000 0.99

Self-directed learning 27.62 1 27.62 132.74 0.000 0.38
Group 1.17 3 0.39 1.87 0.135 0.03

Self-directed learning * Group 0.21 3 0.07 0.34 0.797 0.01
Error 45.15 217 0.21
Total 5157.81 225

a Adjusted R2 = 0.40.

Results indicated a significant main effect for self-directed learning, F (1, 217) = 132.74,
p < 0.001, while a non-significant interaction term was detected, F (3, 217) = 0.34, p > 0.05.

For a more nuanced investigation, we examined the full range of self-directed learning,
as a continuous variable. To facilitate a multiple regression analysis, we created dummy
variables for the study programme, with the non-pedagogical study programme as the
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reference group. We conducted a multiple linear regression (Table 8), regressing transfor-
mative learning onto self-directed learning, dummy condition variables, and interaction
terms, which explained a significant 61% of the variance in transformative learning, F (7,
217) = 50.81, p < 0.001. We calculated the explained variances using R2 from the model,
where R2 = 0.02 signifies a small impact, R2 = 0.13 a medium effect size, and R2 = 0.26 a
large effect size [78].

Table 8. The interactive effect of self-directed learning and pre-service teachers’ study programme on transformative
learning.

Unstandardized Coefficients
t

Sig.
pβ Std. Error β

Constant 0.10 0.46 0.23 0.822
Pre-service science teachers 1.53 0.65 2.36 0.019

Pre-service technology teachers 0.89 0.64 1.40 0.162
Pre-service primary school teachers 0.59 0.62 0.97 0.336

Self-directed learning 1.18 0.19 9.98 0.000
Pre-service science teachers * Self-directed learning –0.39 0.17 –2.37 0.019

Pre-service technology teachers * Self-directed learning –0.21 0.16 –1.30 0.196
Pre-service primary school teachers * Self-directed learning –0.20 0.16 –1.28 0.202

Note. Adjusted R2 = 0.61.

As detailed in Table 8, self-directed learning, pre-service science teachers, and the
interaction between the two were significant predictors in the model. Thus, our hypothesis
was partially supported: self-directed learning moderated some but not all effects of pre-
service teacher education on transformative learning. As expected, the biggest differences
among the conditions were at the high end of self-directed learning. Pre-service science
teachers high in self-directed learning reacted with the least confidence about being capable
of transformative learning, whereas other pre-service teachers appeared to react evenly at
both ends of self-directed learning, lower and higher.

Figure 5 shows the transformative learning ability reported by students with low and
high design thinking ability according to the study programme.

Figure 5. Relationship between design thinking, transformative learning, and study programme,
with 95% confidence intervals.

As shown in Figure 5, those higher on design thinking reported similar levels of
transformative learning across the four study programmes, with a modest trend toward
greater transformative learning reported by pre-service technology teachers. For those
lower on design thinking, the trends looked similar.
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After reviewing these mean trends, we conducted a 2 × 4 factorial analysis of variance
(ANOVA), which included condition (study programme) and design thinking (lower vs.
higher) as independent variables and transformative learning as the dependent variable
(Table 9).

Table 9. Transformative learning by design thinking (lower vs. higher) and different study programmes.

Source Type III Sum
of Squares df Mean Square F Sig.

p Partial η2

Corrected Model 48.87 a 7 6.98 52.63 0.000 0.63
Intercept 4923.31 1 4923.31 3,7117.36 0.000 0.99

Design thinking 1.63 3 0.54 4.09 0.007 0.05
Group 43.96 1 43.96 331.38 0.000 0.60

Design thinking * Group 0.30 3 0.10 0.76 0.519 0.01
Error 28.78 217 0.13
Total 5157.81 225

a Adjusted R2 = 0.62.

Results indicated a significant main effect for design thinking, F (3, 217) = 4.09, p = 0.007
and the type of group of students F (1, 217) = 331.38, p < 0.001, while a non-significant
interaction term was detected, F (3, 217) = 0.76, p > 0.05.

We also conducted a multiple linear regression (Table 10), regressing transformative
learning onto design thinking, dummy condition variables, and interaction terms, which
explained a significant 93% of the variance in transformative learning, F (7, 217) = 469.35,
p < 0.001.

Table 10. The interactive effect of design thinking and pre-service teachers’ study programme on transformative learning.

Unstandardized Coefficients
t

Sig.
pβ Std. Error β

Constant –0.07 0.16 –0.44 0.661
Pre-service science teachers 0.08 0.25 0.31 0.759

Pre-service technology teachers 0.03 0.25 0.13 0.895
Pre-service primary school teachers 0.12 0.23 0.51 0.609

Design thinking 1.00 0.03 29.27 0.000
Pre-service science teachers * Design thinking –0.01 0.05 –0.12 0.908

Pre-service technology teachers * Design thinking 0.01 0.05 0.29 0.773
Pre-service primary school teachers * Design thinking –0.02 0.05 –0.52 0.606

Note. Adjusted R2 = 0.93.

As detailed in Table 10, only design thinking was a significant predictor in the model.
Thus, our hypothesis was not supported: design thinking did not moderate the effects of
pre-service teacher education on transformative learning. According to the reference group,
it seems that design thinking is a direct predictor of student transformative learning, not
the student’s study major.

4. Discussion

The ESD can be organised for a range of courses, and some courses involve more
active and didactically optimised delivery methods and approaches than others. This study
explores the circumstances wherein different pedagogical programmes of study reduce or
increase individuals’ confidence in their ability to engage in transformative learning for
sustainable development.
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4.1. Undergraduate Students’ Characteristics of Self-Directed Learning, Design Thinking, and
Transformative Learning Experience

Regarding the results obtained, we can argue that students in both pedagogical
and non-pedagogical programmes engaged in this study have an above-average level of
(1) reflective process control, (2) reflective process knowledge, and (3) reflective process
monitoring, which confirms the findings by [8]. Although self-directed learning is generally
well-developed, we ranked constructs from the most developed (Awareness, Interpersonal
skills) to the least developed (Learning activities). It seems that students need more scaffold
learning [99], especially when ICT-enhanced learning is engaged towards ESD, as argued
by [45]. Moreover, less guidance in active learning can lead to working memory overload
and students feeling tired and less motivated, especially when failing during active ICT-
supported learning [49].

We also contrasted average scores across the study programmes and found differences
in four subscales of self-directed learning. Pre-service technology teachers significantly
outperformed the control group as non-pedagogical students in Awareness, Learning strate-
gies, and Interpersonal skills, where a relatively strong effect size was detected. Smaller
differences were found between pedagogical study programmes; thus, we can point to
better self-directed learning in pre-service teachers except for Evaluation, where no differ-
ences were found. Pre-service teachers performed significantly better on feedback-seeking,
experimentalism, interactions, diversity of contents, use of ICT, decision-making items,
as a part of the Learning strategies subscale, and on integrative thinking, collaboration,
communication, emotional intelligence, negotiation, social awareness, conflict resolution,
and mediation items, as a part of the Interpersonal skills subscale. These results are aligned
with the findings by [4,8,17] and [46].

Some highlights can be made on pre-service technology teachers, which outper-
formed all others on all scales. We need to mention that pre-service technology teachers
were the only ones out of all the study participants to have taken an extensive creativity
course named Creative Technical Workshop (60 periods), and they are fully engaged in
design thinking, a relatively new approach to learning in teacher education, where more
guidance/scaffolding is offered. Since we showed, in our previous study, that design
thinking may enhance self-directed learning [8], it seems that activities conducted in this
programme’s utilised design thinking as well as a student-centred method based on socio-
constructivists theory, and students showed significant progress in self-directed learning,
also by didactical and goal-oriented use of ICT [9]. Moreover, they use failure as a trigger
for the use of meta-cognitive design thinking as an innovative approach to teaching and
learning, which can be seen as a means of improving the quality of education towards
sustainability, as argued by [8,32,64,99].

As shown in Figure 2, students’ design thinking was above the average, expressed
with self-assessment scores on 13 subscales. Results from a non-parametric test show
over-performance of pre-service technology teachers on most scales. Such a result was
expected, since pre-service technology teachers used design thinking in their learning
projects in several subjects, and they have absorbed the course of creative thinking, while
other groups have not. Here, we also confirm findings by [19], where creativity was found
to be a driver towards effective transformative learning founded on self-directed learning,
where creative and collaborative learning spaces created in the courses of pre-service
technology teachers can bridge transformative learning and ESD, since the success of
self-directed learning depends on both students and educators, interactively, as argued
by [25,43]. Moreover, at Embracing risk, Mindfulness and awareness of process, Team knowledge,
and Open to diversity, it was found that pre-service teachers outperformed non-pedagogical
students, which points to enhancing transformative learning through failure, disorienting
dilemmas, and collaborative cross-disciplinary learning projects, where their realisation is
under risk or the results are unknown [25,32,55,56]. Involving these opportunities in design
thinking, students became more aware, act differently, are more open to diversity, and
make informed decisions after reflection, as argued by [56,59,63], and indirectly promote
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self-directed learning and transformative learning, as argued by [20,27]. Moreover, the
translation of cognitive and affective empathy in design thinking into conative (inclination
for action) might have been realised, as stated by [8,60].

The most critical subscale of Problem reframing was discovered in pre-service teachers.
It seems that learning and developing skills for the reformulation of the initial problem in
a meaningful and holistic way points to fewer opportunities given to pre-service teachers,
while architecture students practise on real-world cases and get motivated and interested
to better understand a given problem. It seems they want to ensure that there is no, or less,
risk for failure when learning by doing, which is in line with the findings by [8,55,64]. As
Dorst [55] has argued, the key elements of design practise is that paradoxes and design
thinkers must oppose conflict and satisfy potentially conflicting considerations. When
designers meet novel situations or problems, they start searching for a central paradox,
and, when the nature of that paradox is satisfactorily established, then they start working
toward the solution [55]. This paradigm in architecture and design education can be
transferred, developed, and applied to pre-service teachers’ courses to improve pre-service
teachers’ design and transformative learning [32,41]. This is carried out since dealing with
conflicting values was found as a success factor of transformative learning [18,25].

The pre-service teacher transformative learning experience was especially highlighted
at Social support since teacher education programmes focus on collaborative teamwork,
many social interactions with teachers and pupils in schools and other social institutions.
Thus, learners develop the openness and confidence necessary to deal with learning by
experiencing, reflecting on, and exploring uncertainty, as argued by [87], and pre-service
teachers can make progress both on a cognitive and affective level, as argued by [88].
Moreover, pre-service teachers also developed a higher level of awareness of the benefits of
changes when acting differently, which might help them predict future behaviour. Deeper
self-awareness can, thus, boost transformative learning by bringing the unconsciousness
to consciousness and acting upon social–cultural reality, as argued by [32,41], in which
pre-service teachers are engaged during internships in schools and other educational
institutions where social–emotional communication can be enhanced as an important
success factor for transformative learning, confirming arguments by [25,40].

Pre-service teachers have outperformed non-pedagogical students in a less developed
category of Attitudes towards uncertainty. It seems that pre-service teachers learned and
trained in study programs wherein didactical strategies, methods, and approaches to
learning differ depending on the study situation, thus, having a better perception of the
gap in what they want to learn and what they have actually learned. Feeling uncertainty
might encourage deeper reflection, as argued by [82], and help change the belief system in
a positive manner, as argued by [18].

As an overview, we have found that pre-service teachers have significantly outper-
formed their non-pedagogical counterparts in Interpersonal skills, Team knowledge, and Social
support, which points to more developed skills for collaboration, communication, and
interactions, in line with the findings by [25].

4.2. The Effect of Teacher Education Study Programmes on Transformative Learning in
Self-Directed Learning and Design Thinking

ESD can be implemented in many disciplines, and some study programmes involve
more advanced teaching/learning methods than others. Since the education of sustainable
development focuses on three domains, (1) cognitive, (2) emotional, and (3) conative
(inclination for action), where sustainability competencies are complemented by strong
disciplinary skills, transformative learning is proposed where different views on the same
challenges are required for innovative conceptualisations and creative approaches, as
argued by [100].

This study also examines the circumstances under which the study programme re-
duces the confidence individuals have in learning in a transformative way. Results suggest
that the students’ belief that they would be successful in transformative learning depends
on the study programme under certain circumstances, namely, when their self-directed
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learning is high and the programme is science education. While our hypothesis expected
that self-directed learning moderates the relationship between the study programme and
transformative learning, the results did not follow a perfectly predictable pattern. Although
we expected that the strongest relationship between self-directed learning and transfor-
mative learning would exist for pre-service technology teachers, self-directed learning
mattered for pre-service science teachers. It seems that high-ability self-directed pre-service
teachers need more support at transformative learning towards sustainable development,
as self-directed learning was not able to address challenges in the socio-constructivist
approach, confirming the findings by [45]. Pre-service science teachers might have had a
more realistic view of the challenges associated with the issues on sustainability and so
they reacted with the least confidence in their transformative learning ability.

The second hypothesis explored whether design thinking would moderate the effect
of teacher education study programmes on transformative learning. Results obtained
from analysis do not support this hypothesis, meaning that both low- and high-ability pre-
service teachers in design thinking advance evenly in transformative learning, according
to the reference group which was experienced in design thinking. We argue that design
thinking can be used in higher education, especially in teacher education programmes, as
a relatively new approach in transformative learning, which is in line with the findings
by [19,20,60].

The third hypothesis examined whether pre-service teachers exhibit higher social
skills, self-awareness, and critical thinking and reflection skills than their non-pedagogical
colleagues. The results of the analysis support this hypothesis in terms of awareness of
the benefits of change and prediction of future behaviour, while the categories of Social
support and Critical thinking and reflection do not. Here we can point out that pre-service
technology teachers performed significantly (p < 0.05) better than architecture students
in the categories Attitude towards uncertainty, Social support, Awareness of benefits of change,
and Prediction of future behaviour. This result suggests that the didactic and purposeful use
of ICT and design thinking in technology-teacher education can enhance the cognitive,
emotional, and social critical process of transformative learning. It could be applied to
other courses. Thus, we support the findings of [9,32,99,100].

Transformative learning, contextualised within self-directed learning and design
thinking, might facilitate the process of sustainability transformation through teacher
education, where social, economic, and environmental challenges are addressed through
SDGs from unsustainable to sustainable learning outcomes, which confirms the findings
by [100].

4.3. Implications and Limitations of the Study and Future Work

The present study involved some shortcomings which may be stated as follows:
(1) Since the present study was a one-time empirical investigation, the results should be
treated with caution. Students have undergone different forms of education and might have
developed different self-directed learning and design thinking skills, so the measurement
model of a latent variable is not the same in different groups of students. To improve
the accuracy of our predictive models, measurement invariance should be examined in a
longitudinal study, especially if the study includes latent variables and multiple samples
in a cross-disciplinary survey. (2) A much larger and more diverse sample is needed to
support the generalisation of results. Since the majority of the sample represents female
students, greater diversity should also be achieved when including subjects with a male
majority. The control group of students should be more diverse, both in terms of study
major and in terms of different learning experiences with design thinking, self-directed
learning, and transformative learning in relation to sustainable development. It seems that
the selected architecture students in this study were a highly competent group in the role
of the reference group. (3) In this study, only a sociological survey was conducted. A need
is identified for qualitative data that includes the perceptions of educators on the topic
examined in the study. (4) Measuring students’ academic outcomes or cognitive results,



Sustainability 2021, 13, 10443 24 of 28

and creativity would have expanded the results’ explanatory power. (5) This study’s
conclusions are bound by and limited to the pre-service teacher education programmes:
primary, science, and technology teachers. (6) The relationship between self-directed
learning, design thinking, and transformative learning in this study was correlational.
To explore a causal rather than correlational relationship, future work should examine
whether random assignment to an intervention designed to raise self-directed learning
(design thinking) increases transformative learning in a manner that reduces differential
reactions to study programmes that vary in ICT-enhanced active learning sophistication.

The practical implications of the analysis are derived based on the above, since the
conclusions reached will enable enriching transformative teaching/learning processes,
as well as defining strategic lines of pre-service teacher education for both regular and
contingency situations towards ESD. Moreover, the results enable us to identify feedback
elements on the transformative learning practice of great value for professional work as
teachers/educators.

Future research should also endeavour to replicate the findings of this study and
unpack the reasons for the exhibited patterns. The inclusion of prior negative experience
with various student-centred approaches to learning would be a valuable addition to future
work designed to test whether such experiences explain transformative learning beliefs,
values, team learning, social-emotional communication, and creative problem-solving.

5. Conclusions

This study sheds light on variables that influence the ability for self-directed learning
and design thinking that pre-service teachers need to have to succeed in transformative
learning. Transformative learning does not always imply improvement towards ESD.
The findings suggest that design thinking ability might improve transformative learning
for both low- and high-ability pre-service teachers, while self-directed learning needs
special treatment among high-ability pre-service science teachers. In order to reduce the
overloading of working memory in high-ability students, which can douse transformative
learning, some guidance is needed. Moreover, as self-directed learning is not able to address
all social challenges, a complementary solution can be seen in collaborative learning spaces
as a key factor in dealing with several sustainability challenges through the perception of
consciousness-raising, critical reflection, personal growth, and individuation.

The results also suggest that applying the technology-enhanced meta-cognitive design
thinking to teacher education for sustainable development is beneficial for developing
preservice teachers’ schema of transformative learning, especially with respect to rethinking
the disorienting dilemma, developing self-awareness, shaping attitudes toward uncertainty,
social support, criticality and reflection.

By assessing pre-service teachers’ self-directed learning and design thinking, educa-
tional institutions seeking to develop and/or administer their study programmes can get a
clear picture of potential barriers to the successful deployment of transformative learning.

If educators continue to ignore the tension between the demands for personalised
learning pathways and traditional enrollment, learners will abandon technology-enhanced
transformative learning as quickly as they tried it. As a result, transformative learning
would become fraught with widespread misuse, misconceptions, and misattributions,
limiting its power and impact.

Personalised learning pathways can increase motivation because learners deal with
subjects they are interested in and feel responsible for. Moreover, educators should support
learners in their ideas about what and how to learn and provide them with technological
tools that make this process possible. Minimal guidance would help reduce learners’
working memory load. Educators should provide guidance and faster access to a domain’s
actual contents for novices in the field since they have difficulties identifying meaningful
learning objectives. The development of social skills, self-awareness, and the ability to cope
with risk and uncertainty helps give concreteness to teacher ESD.
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In summary, the results of the present studies also suggest that pre-service teachers’
active engagement in technology-enhanced transformative learning can be confounded by
unclear guidance and the non-didactical use of ICT. Furthermore, technology-enhanced
design thinking with target use of ICT in teacher education programmes supports a
pedagogical change from “learning to understand” to “learning to act and transform”.
Moreover, if we can show which learning process leads to a specific outcome, we can unify
the various perspectives on transformative learning towards ESD.
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