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ABSTRACT ARTICLE HISTORY
Challenge-based learning (CBL) offers a promising approach for integrat- Received 26 June 2024
ing education for sustainable development (ESD) in secondary schools. ~ Accepted 20 January

However, despite the growing body of knowledge on the implementation 2025

of CBL in higher education, less is known about its implementation in KEYWORDS
secondary education. This qualitative study investigated how secondary Challenge-based
education teachers implement CBL using an adapted CBL compass, col- learning; education for
lecting data through semi-structured interviews with teachers (n=8) and sustainable development;
observations of teachers interacting in professional learning communities secondary education
(n=26). Results indicated that CBL in secondary schools involves mean-

ingful, real-life challenges aligned with students’ interests, fostering cit-

izenship skills and disciplinary knowledge through a student-centered

approach, with teachers acting as coaches. Despite enthusiasm for CBL

for ESD, teachers faced obstacles such as overloaded curricula, inflexible

learning outcomes, and logistic issues in interdisciplinary collaboration.

These findings can guide educators in overcoming these obstacles and

encourage curriculum integration of ESD using CBL.

Introduction

Education that empowers students to address emergent global challenges and guides them in
understanding how to contribute to resolving these issues should have a permanent place in
the curriculum. Unfortunately, students in secondary education (SE) currently have limited
exposure to this in their educational programs. It is crucial for students to comprehend the
complexities of scientific issues and recognize their role in promoting a sustainable future,
leading to more informed and responsible citizens (Bayram-Jacobs et al. 2022).

Education for Sustainable Development (ESD) aims to equip students with the knowledge
and skills to tackle environmental, economic, and social challenges (UNESCO, 2020). Sustainable
development involves meeting present needs without compromising the ability of future gen-
erations to meet theirs, striking a balance between economic, social, and environmental concerns.
To prepare students for this task, competencies such as communication, critical and creative
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thinking, collaboration, reflection, innovation, and holistic understanding are essential (Takala
& Korhonen-Yrjanheikki, 2019).

One approach to developing these competencies and preparing students to become informed
citizens is through challenge-based learning (CBL), a pedagogy that is growing in popularity for
addressing today’s pressing challenges by actively engaging students in solving real-world prob-
lems (Castro & Gomez Zermefo, 2020). At the core of CBL is a call to action, encouraging students
to initiate change by conducting research, brainstorming viable strategies, and presenting and
implementing solutions to address the challenge (Johnson & Adams, 2011). Compared to tradi-
tional education, studies show that CBL leads to significant improvements in innovative thinking
skills (Martin et al. 2007) and higher academic performance (Membrillo-Hernandez et al. 2019).

Furthermore, extensive research has shown the benefits of this approach for ESD in higher
education (e.g. Castro & Goémez Zermefio, 2020; Malmqvist et al. 2015; Martinez-Acosta et al. 2022),
even in comparison to similar learner-centered pedagogies (Menchaca-Torre et al. 2024; Sukacké
et al. 2022), given that this approach immerses students in authentic, complex challenges, reflecting
the complex nature of sustainability issues. For example, CBL has been shown to increase students’
awareness of local environmental issues and their ability to formulate ways to address both local
and global challenges (Martinez-Acosta et al. 2022), as well as improve their problem formulation
skills and deepen their understanding of sustainable development principles (Radberg et al. 2020).
By integrating sustainability issues into the educational curriculum, CBL prepares students to
actively contribute to sustainable solutions, aligning with the overarching goal of ESD.

However, despite the extensive literature on CBL, the wide variety of implementations and
conceptualizations presents difficulties for practitioners in designing their educational strategies.
Publications on CBL span standardized frameworks, hybrid approaches, and more generalized
models where only the challenge is incorporated (Gallagher & Savage, 2023). Furthermore, recent
years have seen a more critical approach emerge regarding the existing state of CBL literature
(van den Beemt et al. 2023). This critique stems from the fact that many studies treat CBL as
a model teaching method or pedagogical intervention rather than a comprehensive educational
approach, which encourages a deeper, holistic understanding of production of knowledge and
learning processes (Gallagher & Savage, 2023; Leijon et al. 2022; van den Beemt et al. 2023).
As a result, several attempts have been made to reconceptualize CBL as an educational approach
(Gallagher & Savage, 2023).

In addition, the literature on CBL is mostly grounded in the higher education context, leaving
uncertainty as to whether the same dimensions of CBL are involved in SE, how teachers imple-
ment them, and what their experiences involve. In a similar vein, although CBL has proven
effective for ESD in higher education, it remains uncertain whether this holds true for SE, given
the differences in educational contexts that influence ESD approaches. For instance, implement-
ing ESD in SE requires a systemic and holistic integration, shifting it from the periphery to the
core of the school curriculum (Jucker, 2011). This underscores the importance of interdisciplinary,
holistic approaches to address the complexity of sustainability challenges (Taylor et al. 2019).
However, the same interdisciplinary focus becomes a challenge in SE, where educational struc-
tures often hinder such integration (Stables & Scott, 2002). SE curricula are typically organized
into rigid disciplinary silos managed by different departments, each confined to distinct ‘realms
of knowledge’ (Nixon et al. 1999). Moreover, secondary school teachers’ understanding of ESD
may vary depending on their educational backgrounds (Borg et al. 2012), further complicating
implementation. Consequently, the logistical and organizational challenges of cross-disciplinary
programs in secondary schools are significant (Jones et al. 2012).

Therefore, given the challenges educators face in implementing CBL, the uncertainty sur-
rounding CBL's positioning, and the limited research on the implementation and dimensions of
CBL in Dutch SE, this study focuses on the characteristics of CBL in SE within the context of
ESD, as well as the views and experiences of secondary school teachers in designing and
implementing CBL.
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Theoretical background

Interestingly, while CBL has mostly been studied in the context of higher education, its roots
go back to SE, beginning in 2008 with an Apple-sponsored project called ‘Apple Classroom of
Tomorrow-Today’ (Nichols and Cator 2008). These days, CBL is implemented in different educa-
tional contexts, ranging from primary schools to universities (Doulougeri et al. 2024; Sukacké
et al. 2022). Across these contexts, CBL can be defined as an approach in which students actively
engage with relevant, real-world situations to identify, analyze and design solutions to
socio-technical problems. This method involves multidisciplinary learning experiences and col-
laboration with multiple stakeholders to develop environmentally, socially, and economically
sustainable solutions (Radberg et al. 2020; Sukacké et al. 2022). The CBL process typically follows
three interconnected phases: (1) the engage phase, where students refine a broad idea or
problem into an actionable and concrete challenge; (2) the investigation phase, where students
conduct research to build a solid foundation for creating practical and sustainable solutions;
and (3) the acting phase, where students develop and implement solutions based on evidence
gathered throughout the previous stages (Nichols and Cator 2008; Sukacké et al. 2022).

CBL draws on elements from other student-centered and active learning approaches, including
problem-based learning (PBL), project-based learning (PjBL), and design-based learning (DBL). With
its focus on hands-on activities, real-world applications, and deep engagement in the learning
process, CBL aligns closely with broader educational theories such as experiential learning and
active learning. In addition, it emphasizes student motivation and ownership of the learning
process, which relates to self-determination theory (Doulougeri et al. 2024). Furthermore, CBLs
learner-centered nature reflects the social constructivist paradigm, where knowledge is actively
constructed and transformed through student participation rather than passively acquired.

CBL in the landscape of student-centered pedagogies

Positioning CBL alongside other student-centered pedagogies such as PBL, PjBL, and DBL reveals
overlapping core principles, including problem orientation, contextual learning, self-directed
learning, and collaboration (Sukacké et al. 2022). The operationalization of these approaches
often blurs distinctions, with similarities and differences appearing nuanced in practice (Doulougeri
et al. 2024; Sukacké et al. 2022). The systematic review by Sukacké et al. (2022) highlighted
that most studies do not clearly distinguish between problems, projects, and challenges, often
taking these terms for granted. However, unlike PBL and PjBL, CBL emphasizes co-created chal-
lenges involving students and stakeholders, where learners refine broad topics into manageable,
self-determined challenges, with the teacher acting as a facilitator (Membrillo-Herndndez et al.
2019; Menchaca-Torre et al. 2024). PBL and PjBL, on the other hand, are often characterized by
predefined problems created by teachers for knowledge acquisition (Doulougeri et al. 2024; Van
den Beemt et al. 2023). DBL also differs in that design challenges are typically more specific
and focus on the creation of products or artifacts (Doulougeri et al. 2024; Taconis & Bekker, 2023).

In addition, CBL is characterized by its emphasis on societal problems and solution-oriented
processes, which distinguishes it from the more product-focused PBL (Gallagher & Savage, 2023;
Menchaca-Torre et al. 2024). A comparative study in a sustainable development engineering
program found no significant differences in academic performance between PBL and CBL, but
students in CBL developed soft skills such as decision-making and collaboration through engage-
ment with external stakeholders and real-world challenges (Menchaca-Torre et al. 2024). Sukacké
et al. (2022) also highlighted the suitability of CBL for ESD as it focuses on socially relevant
challenges, stakeholder involvement and co-creation processes. Furthermore, In CBL, students
have the freedom to choose and define the specific aspects of the challenge they want to
solve, fostering deeper engagement and improving success (Sukacké et al. 2022).
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From an ESD perspective, it is furthermore valuable to position CBL alongside other approaches
and pedagogies that emphasize environmental sustainability, such as place-based education
(PBE) and the whole school approach (WSA). This positioning is particularly relevant given their
emphasis on SE and their benefits for ESD (e.g. Gericke et al. 2024; Li & Shein, 2023; Mogren
et al. 2019; Ver Steeg, 2019). PBE focuses on experiential, community-based learning that strength-
ens connections to local cultures, environments, and contexts (Gruenewald, 2003; Sobel, 2004)
and serves as an umbrella term rather than a specific approach (Yemini et al. 2023). While both
PBE and CBL emphasize real-world, student-centered learning, their focus and approaches differ.
The place-based aspect of PBE can be embedded in a CBL project when local stakeholders are
involved, although this is not always the case. In addition, PBE implementation is more flexible,
integrating local experiences into the curriculum and allowing teachers to adapt lessons to
specific settings. In contrast, CBL takes a more structured approach in which students collabo-
ratively define and address both local and global societal challenges (Van den Beemt et al. 2023).

Similarly, WSA provides a holistic framework for redesigning education that involves co-creative,
systemic efforts by all stakeholders to engage students in complex sustainability challenges
(Hargreaves, 2008; Mogren et al. 2019; Mathie & Wals, 2022). While WSA aligns with CBL in its
vision, it goes beyond pedagogy to transform education at multiple levels, including curriculum,
professional development, school practices, community relationships, leadership, and vision. In
its implementation, WSA embeds sustainability throughout the school system, incorporating
sustainable practices beyond the classroom, while CBL is more project-driven, focusing on
students working on specific real-world challenges. WSA calls for systemic change by engaging
leadership, policy, and the broader school community in a unified sustainability effort.

ESD and Dutch secondary education

Dutch secondary schools have considerable autonomy in choosing their teaching methods and
curricula, as long as they meet government standards for subjects, performance targets, and
exams (de Wolf & de Hamer, 2015; Luijkx & de Heus, 2008). This autonomy includes the option
to incorporate sustainable development (SD), often supported by local organizations, at the
discretion of the school (Wesselink & Wals, 2011). Informed by three educational governance
institutions (de Wolf & De Hamer, 2015) with considerable influence on the Dutch education
system, ESD in the Netherlands, can be described as learner-centered, future-oriented, and
action-based. It aims to raise students’ awareness of societal issues while fostering problem-solving
skills involving multiple stakeholders, and integrating environmental topics into existing subjects
(Kopnina, 2018; Wesselink & Wals, 2011). Although ESD is not a mandatory part of Dutch curricula,
schools can integrate it by aligning themselves with various core objectives that indirectly address
SD. However, this often results in fragmented efforts where ESD elements are limited to
subject-specific approaches rather than interdisciplinary programs. Nevertheless, the freedom of
education allows schools to make ESD a core part of their curricula. If they choose this, schools
may receive accreditation as ‘eco-schools’ or ‘energy schools’ (Van der Waal, 2011). These initiatives,
however, are often led by teachers or school leaders and require personal effort due to factors
such as the lack of repositories of projects or dedicated schoolbooks (de Wolf & de Hamer, 2015).

The CBL-compass

This study adopted the CBL Compass for Higher Education (van den Beemt et al. 2023). This
conceptual framework builds on commonly identified CBL characteristics (Gallagher & Savage,
2023; Leijon et al. 2022) by incorporating dimensions and indicators that capture the full range
of observed CBL implementations. Rooted in current CBL practice, the framework emphasizes
the commonalities across CBL applications in education rather than focusing on theoretical
discrepancies or variations in descriptions. It accommodates differences in CBL characteristics
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across study components and curricula and provides a clear methodological approach that
benefits both practitioners and researchers by clarifying the components of CBL implementations
(Leijon et al. 2022; van den Beemt et al. 2023).

Several factors make the focus on common characteristics and the flexibility to capture
diverse CBL implementations particularly relevant to this study. First, SE faces unique challenges
in implementing ESD. Second, the autonomy of schools in designing their own curricula, setting
educational priorities, and defining pedagogical approaches leads to significant variability in
how CBL is implemented across schools. Third, ESD initiatives are often driven by individual
teachers within the broader structures of their schools. Teachers often have to adapt their efforts
to fit within these structures while navigating school-based obstacles such as workload, subject
focus, and available opportunities for collaboration.

The CBL Compass framework adopts the why-how-what approach, identifying CBL educational
processes at the elements of vision, teaching and learning, and support (van den Akker, 2003; van
den Beemt et al. 2023). The element of vision in the framework includes the goals and motivations
of a CBL implementation, addressing the question of why students learn (Doulougeri et al. 2022).
This aspect is clarified through challenge characteristics such as their real-life and open-ended nature,
the involvement of stakeholders, and the incorporation of global themes (van den Beemt et al.
2023). The element of teaching and learning corresponds to the methods used to achieve the goals
outlined in the vision, addressing how students learn (Doulougeri et al. 2022). Dimensions associated
with this element relate to aspects of course design, including learning objectives, content, teaching
and learning activities, and assessment methods (Fink, 2003; van den Beemt et al. 2023). Furthermore,
regarding the element of support, insofar as CBL prioritizes student-centered learning with an
emphasis on students’ active learning, additional support is necessary compared to more traditional
teacher-centered approaches. This requires teachers to be realistic about the resources available
from the school and, in some cases, stakeholders (Doulougeri et al. 2022; van den Beemt et al.
2023). In addition, support structures are needed to assist teachers not only in designing CBL proj-
ects, but also in developing the necessary skills to effectively teach and coach in a CBL context.

Present study

Guided by the theoretical framework proposed by van den Beemt et al. (2023) as adapted for
SE (see Appendix A), this study seeks to address the following research questions:

1. How do secondary school teachers implement CBL in the context of ESD?
2. What are teachers’ views and experiences concerning the implementation of CBL for
ESD?

In addressing these questions, we aim to gain insight into the implementation of CBL for
ESD and explore how teachers and schools navigate obstacles. Consequently, this research may
guide curriculum design for ESD integration through CBL, offering teachers direction in formu-
lating challenges, including stakeholder involvement, and aligning challenges with existing
curriculum content.

Methods and materials
Research design

This study employed an exploratory qualitative research design, involving semi-structured inter-
views and observations of several group discussions within a professional learning community
(PLC). Observations of groups within the PLC setting, focused on the development of CBL
education, alongside individual interviews, allowed for a detailed exploration of teachers’ expe-
riences and views regarding their design and implementation of CBL.
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Context of the professional learning community

The study was part of a planned four-year partnership, beginning in 2022, between a group of
schools and the teacher education program at the researchers’ university. This partnership was
established to address the limited integration of sustainability education in secondary schools
through CBL. Integrating CBL for sustainability education into the curricula of the affiliated
schools was linked to the advancement of STEM education, as well as an emphasis on citizen-
ship in science education and the connections between these areas.

To facilitate this integration, a cross-school PLC was formed, initially bringing together eight
teachers from different schools in the region. PLCs, characterized by reflective inquiry and col-
laborative practice, have been shown to promote effective teacher development (Vanblaere &
Devos, 2015). Accordingly, teachers in the PLC engaged in a cyclical design process, meeting
eight times annually in central sessions and holding additional in-depth discussions in pairs at
their respective schools. The goal of these collaborative design activities was to develop, test,
and evaluate CBL implementations tailored to various school contexts.

In the first year, the PLC set clear goals and expectations, drawing on external expertise by
inviting specialists in CBL and ESD. Teachers collaborated on lesson plans, shared feedback on
CBL designs, and reflected on their implementation obstacles. This collaborative, reflective
approach aligns with key aspects of effective PLCs, such as reflective dialogue, where teachers
deeply explore issues related to curriculum, instruction, and student learning (Stoll et al. 2006).
Furthermore, sharing practice, especially the co-design of teaching strategies, represents a higher
form of professional collaboration, strengthening the PLC’s impact on teaching practices
(Vanblaere & Devos, 2015).

The knowledge and skills gained during this first phase laid the groundwork for subsequent
years of the project and PLC meetings. For instance, pilot versions of CBL projects developed
during this initial year informed subsequent PLC activities in the 2023-2024 academic year.
During this second phase, the number of participating teachers increased from eight to 26,
enabling a broader round of CBL development and refinement. The expanding network of
teachers played a crucial role in ensuring that the curriculum innovations introduced through
CBL were sustained and reinforced in the following years.

Participants

The study involved 26 secondary school teachers from seven different schools who actively
participated in the PLC during the second year. Eight teachers from the PLC were selected for
interviews based on their participation in the first year of the project, indicating more experi-
ence and expertise in the design and implementation of CBL projects (see Table 1). Thus, a
purposeful sampling strategy was employed (Creswell, 2003). These teachers assumed the role
of facilitator, supporting other teachers in their design and implementation of CBL education.
All participants in this study provided informed consent.

Data sources and data collection process

Data were collected from five monthly 3-h PLC meetings and eight semi-structured interviews,
each lasting approximately 1h. The data included field notes from participatory observations
during the PLC meetings and transcripts of the interviews. In preparation for data collection, a
guiding tool was developed based on the CBL compass by van den Beemt et al. (2023; see
Appendix A). This tool was adapted for the SE context and provided structure for the interview
protocol and observations during the PLC meetings. The dimensions and indicators from the
CBL compass were used as initial reference points in the development of the guiding tool,
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Table 1. Demographics for interview participants.

Participant (school) Teaching subject(s) and CBL project Teaching experience (years)
Robert (1) Biology and Big History — EcoKino 3
Frank (2) Philosophy - Sierra Leone 15
Jessica (1) English — AMStory 6
Daisy (3) English — Green badge 9
Matthew (3) Science and Technology - Sustainable 6
campus
Steven (4) Physics and Science - ASM 15
Benjamin (5) Physics — Sustainable energy 10
Brian (6) Biology — Disability tool 6

Note. Names are pseudonyms.

Figure 1. Overview steps development guiding tool.

involving several steps to align this model with the context of SE: (1) theoretical adaptations
informed by relevant literature on CBL in SE, and (2) expert reviews (see Figure 1 for an over-
view of the research steps).

First, adaptations to the CBL compass were made, based on the limited literature on CBL in
SE. Dimensions and indicators were modified through rephrasing, rearranging, adding, or remov-
ing them. For example, the T-shaped professional dimension common in engineering education
and present in the original CBL compass (van den Beemt et al. 2023), assumes that team
members each have their own expertise, a condition not applicable to SE, where students share
the same knowledge. This dimension was replaced by the citizenship dimension, highly relevant
in SE in the Netherlands, which addresses skills such as critical and creative thinking (Fala et al.
2012; Johnson & Adams, 2011).

Secondly, for quality assurance and to address any structural issues beforehand, the tool
underwent evaluation by five independent experts in one-on-one sessions (Olson, 2010). These
experts included assistant professors with expertise in CBL in higher education and project-based
STEM in SE, as well as educational scientists specializing in technology-oriented education
programs, which share commonalities with CBL. Their diverse specializations ensured feedback
from various perspectives (Olson, 2010). Significant changes resulting from this feedback included
adding the term ‘student-centered’ to underscore its centrality in CBL, and emphasizing that
learning is triggered by real-life challenges, fostering uncertainty, and encouraging student
ownership.

The tool was initially created in English, but was translated into Dutch for the interviews, as
most participants felt more at ease expressing their views and experiences in their native lan-
guage. To ensure translation accuracy, a backtranslation (McGorry, 2000) to English was conducted
and then compared to the original tool.
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During the PLC meetings, involving all teachers, the first author, taking a participatory obser-
vational role, compiled the field notes. More specifically, the author participated in discussions
of the design of materials and implementation of projects, helped to clarify educational concepts
when needed, and asked critical questions informed by the guiding tool as a way to structure
the observations. The observations were primarily conducted to grasp common themes teachers
grappled with in the meetings in developing CBL education.

Semi-structured interviews were conducted to gather detailed data on teachers’ CBL imple-
mentations and experiences, which took place during the past school year. See Table 2 for the
CBL implementations in which they had been involved (see Appendix B for a more detailed
description of the CBL projects, including how CBL was integrated, the sustainability issues/
themes addressed, and the developed products and solutions). The interviews took place between
PLC meetings 3 and 4. The interviews were divided into two phases. The first phase focused
on teachers’ motivations, successes, and difficulties with CBL. The interview protocol for this
phase was developed through several steps. First, questions were formulated based on the
literature, followed by discussions with the research team to further refine the protocol. Next,
a pilot interview was conducted to test the design in practice, which was followed by a final
round of revisions. In the second phase, prompted by the interviewer, teachers discussed the
guiding tool for CBL in SE, reflecting on specific CBL projects they had taught, considering
relevant dimensions and indicators, explaining project choices, and identifying any underem-
phasized dimensions or indicators. All interviews were recorded and transcribed for analysis.
Quotes used from the interviews have been translated into English.

Data analysis

ATLAS.ti qualitative analysis software was used to conduct the data analyses, following the
qualitative data analysis spiral proposed by Boeije (2009). The analysis process used both deduc-
tive and inductive approaches. Using the deductive approach, 14 categories were derived from
the guiding tool (e.g. real-life open-ended challenges, collaborative learning, and teacher support).
The indicators from the guiding tool served as the initial codes, such as, ‘authentic’
‘challenge-owner’ and ‘research skills' A priori codes were also created to address teachers’
experiences of difficulties and opportunities for project development (e.g. project development).

During the coding process, a combined approach of open and axial coding was used (Boeije,
2009), resulting in the emergence of new codes, such as ‘meaningful learning’ and ‘responding
to student interests’ as well as sub-codes. See Appendix C for the final codebook. Transcripts
of the interviews and field notes of the PLC meetings were analyzed. After the coding process,
the interconnections between teachers’ obstacles and opportunities in relation to the categories
of the guiding tool were explored using code-occurrence and code-document analysis, with
the aim of identifying themes within and across schools. Due to the qualitative nature of phase
two of the interview, where teachers evaluated the relevance of the dimensions and indicators,
the original scoring method using a 5-point Likert scale was deemed inappropriate. Instead,
indicators identified by teachers as highly relevant and applicable in their projects were marked
as present, while those deemed irrelevant, and thus not applied, were marked as not applicable,
reflecting a deliberate choice. For indicators marked as partial, teachers expressed uncertainty
about their applicability to their projects in their specific contexts.

Results

In this section, we first present findings on CBL implementations and their relationship with
the CBL dimensions outlined in the CBL compass for SE based on the interviews. Given the
many indicators, only those that stand out as the most applicable or inapplicable will be
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Table 2. Overview of the CBL implementations.

Type of implementation
(within or outside

School Student age subject) CBL implementation (projects)
1 14-15 Subject implementation; (A) EcoKino: Students merge ecology with film/cinema
Biology elements, identifying social ecological dilemmas and creating
artistic products (documentaries, photo galleries).
2 12-13 Subject implementation; (B) Sierra Leone: Students collaborate on an SDG-themed
interdisciplinary project, connecting with Sierra Leonean students, creating a
(during weekly comparative poster, delivering oral presentation.
project hours)
1 14-15 Project implementation; (C) AMStory: Students focus on SDG-related themes, exploring
Arts education Amsterdam, conducting interviews, presenting at an
innovation fair.
3 11-14 Subject implementation; (D) Green badge: Students collaborate on achieving green
English language certification, focusing on SDG-themed topics, e.g. waste
and learning management and green spaces. Students present videos for
the schoolboard.
3 12-15 Subject implementation; (E) Sustainable campus: Students collaborate on a year-long CBL
Physics project focusing on campus sustainability, selecting from
SDG-related themes, and presenting their findings at a
scientific fair.
4 14-17 Subject implementation; (F) Advanced Science and Mathematics (ASM): Students write
Physics research proposals on geophysics and SDGs, presenting their
findings for summative evaluation.
5 13-14 Subject implementation; (G) Sustainable energy: Students explore sustainable energy
Physics solutions using the Scrum method (describes roles, tools,
and meetings to reach a common goal), delivering
presentations and posters for assessment.
[ 11-12 Project implementation; (H) Disability tool: Students collaboratively create tools for those

interdisciplinary
(during a project

with disabilities, conceptualizing, developing, and presenting
solutions for a local external organization.

week)

discussed. Additional qualitative information from the interviews, relevant to the scoring of the
indicators, will also be included in this section. Next, based on outcomes of the interview and
PLC meetings, we present the results on the overall compatibility of CBL for ESD in secondary
schools. Finally, we present teachers’ views and experiences on the elements of ‘vision, ‘teaching
and learning, and ‘support!

Approaches to implementing CBL

CBL implementations involved real-life challenges promoting self-directed learning, with learning
activities aimed to develop citizenship skills, and for subject implementations (see Table 2),
acquiring disciplinary content knowledge. Teachers acted as coaches, guiding both the content
and relational aspects of learning. However, facilities and support structures for teachers were
limited. See Table 3 for a more detailed overview of the results for each dimension per
implementation.

7 out of 8 CBL projects presented real-life challenges. Based on further discussion, the proj-
ects spanned interdisciplinary (f=4), multidisciplinary (f=2), and monodisciplinary (f=2)
approaches, with projects either being implemented in subjects or as stand-alone projects. Only
one challenge came from an external challenge owner; others were school-generated (f=2) or
had no specific owner (f=5). Without external stakeholders, challenges focused on raising sus-
tainability awareness. CBL fostered student-centered learning (f=5) with deadlines and final
product requirements, helping students track progress and explore interests. Some challenges
aligned with curricula (f=5), focusing on content knowledge within subject lessons, while others
were not integrated into any specific subject (f=3).
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All implementations supported the development of citizenship skills. For instance, projects
required students to write reflection reports after each lesson or at the end of the project,
focusing on communication, collaboration, conflict resolution, and documenting decisions made
during problem-solving. Other activities included class discussions and debates. One learning
activity featured a classroom debate, with a student serving as moderator, who introduced a
sustainability issue while four other students presented different perspectives on the topic.
Based on the input gathered, the moderator proposed a solution that considered the needs of
all perspectives and incorporated new insights from the class to foster creative thinking. In
addition, critical thinking exercises, such as claim testers, allowed students to categorize claims
based on intuition, authority, evidence, or logic, helping them assess what to believe and eval-
uate others’ claims. Some projects, specifically the stand-alone projects (f=4), explicitly reflected
on and assessed citizenship skills. In contrast, the subject-specific implementations (f=4) did
not include them explicitly in the learning goals, expecting them to develop naturally through
the student-centered, collaborative process. Similarly, research skills were part of the learning
process, but often lacked specific goals or assessments. Peer learning also occurred implicitly
among teammates due to the collaborative nature of CBL. In certain implementations (f=4),
peer learning was more pronounced, as learning activities encouraged each group member to
undertake specialized tasks, fostering interdependence and indirectly promoting peer learning.
For example, in one project, all group documents were shared among peers, requiring students
to provide feedback specifically on another group’s project that focused on a different theme.
Other activities to promote peer learning included presentations throughout the project, which
allowed students to share knowledge due to the varying content between groups, as well as
quizzes given as exit tickets at the end of each lesson to encourage exchange and discussion
among the groups. End products were usually summatively assessed, including group presen-
tations at scientific fairs. Final products varied, including videos, photo galleries, posters, models,
presentations, and research proposals.

Facilities included materials for final products and experiments (f=5), and spaces such as
science labs and gymnasiums for fairs (f=4). Time and support structures were limited, with
some schools (f=5) offering minimal help with course design and pedagogy. Some schools
(f=4) provided limited teacher development opportunities in coaching and CBL skills through
workshops or a PLC within their own school.

Teachers’ views and experiences of CBL for ESD in secondary education

In general, teachers indicated that CBL is a valuable approach for ESD, aligning well with its
complexity, open-ended structure, and incorporation of real-world issues. For example, when
discussing CBL in the context of ESD, one teacher stated:

Every sustainability theme addresses the students’ future and the uncertainties it holds. In this context,
the primary skill you want them to acquire is resilience, creativity, or the ability to adapt to changes. Your
goal is to shape students who can navigate the evolving world. (Brian)

Furthermore, teachers found that engaging with students’ interests and environment and
incorporating sustainability issues in this way sparks enthusiasm and curiosity among students,
as indicated by another teacher:

A couple of students were working on soy, starting with the notion that people shouldn’t consume it due
to deforestation in the rainforest. However, they discovered that 90% of the soy grown in areas once
covered by tropical rainforests is used as feed for cattle, contributing to the meat industry... This new
understanding significantly shifted their perspective... So, then you see that this kind of project can indeed
have an impact on young people. (Robert)
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Table 3. Scoring of projects based on the CBL compass for SE.

Present

Partial

Not applicable

Vision

Real-life open-ended challenges
Real-life

Authentic

Open-ended

Complex

Interdisciplinary

Global themes

Transformative and integrative value
Contribution

Student centered

Self-directed learning
Ownership

Student interests

Meaningful learning
Involvement of challenge owner
Challenge owner

External stakeholder

Curriculum

Curriculum alignment

Teaching and learning
Citizenship

Citizenship skills

Inquiry-based learning

Content knowledge acquisition
Define own objectives

Inclusion of different perspectives
Critical reflection

Research skills

Meta-cognitive skills

Dealing with uncertainty
Collaborative learning
Divergent and convergent reasoning
Interdependence of team members
Peer learning

Assessment

Process

Products

Individual

Team contributions

Formative

Summative

Teaching

Coaching supports learning
Autonomy and structure
Teacher role: coach

Support in content space
Support in relational space
Collaborate across subjects
Learning technology

Tools for learning

Support

Facilities

Materials

Spaces

Teacher time

Tools

Teacher support

Course design and pedagogical support

(Coaching) skills CBL context
Collegial support

A B CDEFH
A CH
A CEH
A B D
B,C, D H
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A, G
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ooOm

>>
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Note. Some CBL implementations lacked data responses on some indicators. Absent indicates that it was specifically men-
tioned. If in case the project is not mentioned, it was not clearly discussed.
Project labels: A=EcoKino; B=Sierra Leone; C=AMStory; D=Green badge; E=Sustainable campus; F=ASM; G =Sustainable

energy; H=Disability tool.
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This quotation further underscores the strength of students’ self-regulated learning as a
mechanism driving changes in behavior and attitudes through the independent exploration of
sustainability issues. This aspect, recognized as a key component of CBL, further reinforces the
alignment between learning outcomes related to sustainability education and CBL.

Teachers’ views and experiences regarding complex and open-ended challenges
Despite the variety of CBL implementations, covering diverse topics and duration, teachers
presented real-life challenges with varying levels of complexity. One teacher stated:

All CBL activities | engage in are related to sustainability themes. So, each CBL project includes real-life
challenges. With my project, they come up with their own projects, and all of them are highly real-life.
They all revolve around either their immediate environment or the general surroundings in which they
find themselves. (Brian)

The majority of the teachers viewed the complex, open-ended nature of challenges as inher-
ent in real-life situations, integral to education, and essential for students’ exploration of diverse
perspectives and multiple solution paths. Reflecting this perspective, Robert stated: ‘Research
is open-ended, and that is crucial. Openness is also closely tied to complexity, as it allows for
different perspectives, acknowledging that it is not black and white. Rather, the solution lies
somewhere in the middle/ Conversely, other teachers in the PLC faced difficulty in incorporating
these aspects in their projects, expressing reservations about the open-ended nature of chal-
lenges and suggesting that these may be too demanding for secondary school students to
effectively engage with and gain meaningful learning experiences.

Interestingly, teachers prioritized meaningful learning, with the challenge either locally con-
textualized or closely related to students’ real-world experiences. More specifically, Frank and
Matthew drew a dichotomy between connecting with students’ experiences and interests and
the involvement of an external challenge owner. While acknowledging the value of an external
challenge owner for enhancing authenticity, they also stressed the importance of challenges
that resonate with students’ contexts, even without external ownership. Teachers pointed out
that having a challenge owner could impose limitations on students’ freedom and require
substantial time and effort to manage. Therefore, teachers expressed a preference for allowing
students’ interests to guide their learning process. As Frank stated:

Teaching students that they learn meaningful and that they can truly contribute to the needs of the
stakeholder who has set the challenge is quite challenging because sometimes | don't necessarily have
that. Sometimes, | just want them to work from their curiosity.

Nevertheless, teachers who supported having students explore their interests did not neces-
sarily reject the idea of external collaboration. For instance, in the ecoKino project, students were
assigned the task of interviewing knowledgeable experts to gain insights into their chosen topic.
Alternatively, in the AMStory project, external parties were invited for assessment purposes. To
navigate the earlier stated dichotomy, Matthew, for example, invited an external party to explain
the problem or challenge and spark enthusiasm, rather than solely serving as a challenge owner:

It's not necessarily about doing it specifically for someone, but the moment you bring in an external
perspective, someone who explains the challenges they face and how they handle them, that makes it
genuine. | believe that is the essence, authenticity. Children are keenly aware of whether they are doing
something just for the sake of it or if it's a genuine activity.

Overall, although teachers’ perspectives diverged regarding the level of open-endedness and
complexity in challenges for SE, they were in agreement about the importance of fostering
meaningful learning, emphasizing a balance between student exploration and external stake-
holder involvement. The latter was acknowledged more for providing authenticity and purpose,
rather than for filling the role of a challenge owner.
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Teachers’ views and experiences regarding curriculum alignment

Aligning with curriculum objectives has proven to be a significant concern and constraint for
teachers in designing CBL projects. While some teachers had the opportunity to shape their
CBL projects during a project week or had the flexibility to design their curriculum, particularly
with the introduction of interdisciplinary subjects such as Big History, nature, life, and technology
(NLT), Technasium, and global issues, not all teachers had this flexibility. The rigid curriculum
for their discipline limited opportunities for both project-like education and ESD. One
teacher stated:

| don't have the flexibility in my program to let them be so independent. | simply have chapters, and
sometimes | can do something extra, but | can’t offer them a project like ‘sustain the school’ | just don't
have the space for that. (Benjamin)

Another teacher, who primarily teaches in upper-SE, had to comply with program assessment
and graduation standards when designing ESD projects, as he noted:

Since the students will soon have to take their exams, | simply have to adhere to the PTA (program of
assessment and graduation), which is sent to the inspectorate, and | cannot deviate from that. So, | expe-
rienced a disconnect between what | was required to do and where | could take liberties with CBL. | also
only had the class for one hour a week, which made it very complex. (Steven)

Moreover, curriculum flexibility also determined how much autonomy teachers could grant
students for self-directed learning with open-ended challenges while still fulfilling specific
knowledge objectives, a task complicated by CBLs open-ended nature. For instance, Matthew
stated, ‘If the primary focus is on acquiring knowledge, CBL may not be the most suitable
approach. While it can be done, direct instruction, assignments, and reports may be more
effective! This reflects the uncertainty teachers faced in shaping standardized summative assess-
ments for a curriculum that expects uniform learning outcomes for all students, while students
work in an open-ended and self-directed learning environment where learning outcomes are
anything but uniform. Teachers tried different strategies such as using exit cards or quizzes
during projects to ensure that mastery of knowledge matched curriculum goals. However, finding
the right balance between openness and structure remained difficult.

Teachers’ views and experiences regarding interdisciplinarity

Besides curriculum constraints, teachers highly valued interdisciplinarity for addressing the
complex nature of sustainability issues, but faced limitations due to organizational and logistic
aspects of SE. For example, time constraints and the siloed nature of subject curricula made it
difficult for teachers to schedule meetings with colleagues and explore cross-curricular collab-
orations. One teacher stated:

There just isn't always time in our classroom to collaborate with other subject teachers. | would love it if
my geography or English colleagues could come and see how they could contribute to my project, but
in practice that contact always happens outside of class. Everyone has their own lessons and preparation,
so | see very few opportunities to work with other teachers. (Frank)

Even in cases where collaboration existed, implementation remained challenging due to
scheduling conflicts and subject matter alignment issues, as another teacher explained:

We have an interdisciplinary teaching team in which CBL is designed, involving subjects like biology, arts
and crafts, and myself as a physics teacher. Despite this collaboration, | was the only one teaching it
because it was very difficult to organize how we could merge the different curricula and how to connect
the lessons. (Steven)

Interestingly, in another instance where an interdisciplinary project was already developed,
it lacked support from the school board. As one teacher noted:
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The school leadership agreed that the project aligned with the science curriculum, but it required too
many hours for one teacher. They were hesitant to involve other teachers because of the challenge of
teaching not only physics, but also biology and chemistry. Even with a plan to divide the content among
subject teachers, they still did not approve. (Matthew)

Due to these obstacles, several teachers confined to their own disciplines but still valuing
the interdisciplinary nature of ESD and CBL took different approaches to achieve some level of
interdisciplinarity. For instance, one physics teacher explored possibilities for interdisciplinarity
within his own subject, leading to the topic of extreme weather conditions, which integrated
perspectives from geography into physics. Frank and Robert instead sought to collaborate with
colleagues from other subjects, aiming at expanding their projects with a multidisciplinary
perspective. However, scheduling constraints hindered interdisciplinary discussions.

Teachers’ views and experiences regarding teaching and learning

In all implementations, both subject-related and non-related projects focused on facilitating
students’ development of citizenship skills such as critical and creative thinking, assessing reliable
sources, and communicating with peers. As one teacher stated:

| fully support citizenship skills. It holds immense significance in the present era... This was evident in
2006 when approximately 40% of graduates entered professions that did not exist when they began
secondary school. In the past, individuals were trained for specific roles, with distinct skills and knowledge.
However, today, the emphasis is on teaching people how to learn and conduct research. (Matthew)

This quote further underscores the value of citizenship skills, portraying their relevance
beyond graduation and promoting the importance of lifelong learning.

Teachers’ views and experiences regarding the teacher’s role

Teachers transitioned from traditional instruction to coaching roles, adapting to the open-ended
nature of the challenge and a student-centered approach. In this coaching role, teachers pri-
marily offered feedback on the process rather than focusing on content, recognizing that students
often delved into topics beyond their expertise, as one teacher stated:

You won't have expertise in every subject students delve into. It's something you need to acknowledge
and overcome. As a result, you're less of a traditional teacher and more of a coach. This means working
alongside students, and if they pose a question you can't answer, responding with, ‘I don’t know that
either. Let’s figure it out together, or I'll look it up for you! (Frank)

However, this coaching role presented difficulties, particularly in scaffolding learning while
encouraging student responsibility. The complexity of sustainability issues further complicated
this dynamic process, leading teachers to adopt various approaches, such as providing peda-
gogically simplified issues or multiple theme options, while others allowed complete flexibility.
For instance, Robert, embracing the latter, guided students through the stages of research
question development, particularly when they struggled with the concept of complete flexibility,
and used a questionnaire to help them narrow down their questions.

Teachers’ views and experiences regarding support

Teachers across all schools perceived varying levels of support from school leadership in devel-
oping and implementing CBL for ESD. While the initiative to engage in PLC discussions on these
topics was school-led, not all teachers experienced robust support aligned with the school’s
vision and strategy. Some teachers found the support superficial, expressing concerns about
the compatibility of the school’s vision with the open-ended nature of teaching CBL for ESD,
as one teacher stated:
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Does the school and its leadership recognize the learning opportunities inherent in exploring unconven-
tional paths driven by students’ passions, enthusiasm, and curiosity? This aspect transcends mere facilities,
it should be in the school’s vision. Both the school and the teachers must acknowledge that going beyond
conventional boundaries can yield significant educational benefits. Without this clarity in the school’s vision,
our innovational efforts can be constrained. (Frank)

Insufficient time allocated for project development posed additional difficulties for some
teachers. Moreover, there was a perceived need for interdisciplinary meetings involving school
leadership and colleagues in order to sustain CBL projects in the curriculum. In addition, as
these CBL implementations were pioneering efforts, support structures to assist teachers in
developing necessary skills, such as the coaching skills required in a CBL context, had not yet
been established. Two schools had customer relation officers to recruit organizations as potential
challenge owners, relieving teachers of this task. However, despite the availability of this oppor-
tunity, teachers did not capitalize on it when shaping their CBL projects.

Discussion

This study investigated the dimensions of CBL as implemented in SE for ESD and examined the
views and experiences of the secondary school teachers involved. While other studies have
explored implementations, conceptualizations, and characteristics of CBL in higher education
(e.g. Doulougeri et al. 2024; Gallagher & Savage, 2023; van den Beemt et al. 2023), this study
focused on capturing the variety of CBL implementations in secondary education within the
context of ESD. Although the CBL implementations in this study varied widely, the findings of
the study revealed that the majority involve real-life, meaningful challenges promoting
self-directed learning, with activities aimed at developing citizenship and disciplinary knowledge
acquisition. Teachers assumed the role of coaches, guiding student groups that worked collab-
oratively and engaged in inquiry-based learning regarding both content and relational aspects.
Teaching support regarding course design, implementation structures, and professional devel-
opment was limited or still in the early stages of development within the teachers’ respective
schools.

In addition, this study captured secondary school teachers’ views and experiences regarding
CBL in the context of ESD. Although teachers expressed enthusiasm for CBL, they encountered
obstacles in developing sustainability education. These included limited opportunities for
open-ended and fully student-centered approaches due to an overloaded curriculum, inflexibly
learning outcomes, and logistic difficulties in interdisciplinary collaborations with colleagues.
They acknowledged the value of external collaborations for authenticity, but emphasized the
importance of contextually relevant challenges, often opting for limited collaborations such as
interviews and assessments, instead of having a challenge owner.

Approaches to implementing CBL

Consistent with the framework proposed by van den Beemt et al. (2023) and other CBL con-
ceptualizations, challenges were primarily real-life. CBL projects were implemented either within
subjects, aiming to develop citizenship skills and facilitate knowledge acquisition, or as
stand-alone projects, focusing primarily on citizenship. Emphasizing the cultivation of citizenship
skills fosters awareness of sustainable development, particularly within the local context, thereby
nurturing informed and responsible citizens (Bayram-Jacobs et al. 2022). Half of the CBL imple-
mentations involved a form of external collaboration, such as assigning students to interview
a knowledgeable other outside of school, thereby enhancing authenticity even in the absence
of an external challenge owner. Research has shown that when secondary school students
engage with stakeholders beyond the classroom, they exhibit greater motivation and perceive
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their work as more relevant and meaningful (Shuptrine, 2013). Students worked collaboratively,
adopting an inquiry-based approach to develop ways to address these challenges, with teachers
primarily assuming the role of a coach in scaffolding students’ learning process. Interestingly,
the difficulties in SE reported in this study focused more on connecting with students’ life
experiences, providing them with the chance to pursue their own interests through meaningful
learning. This finding is in line with the study of Johnson et al. (2009), suggesting that chal-
lenges should hold meaningful relevance to students’ lives and have an impact on their imme-
diate environment, such as schools or local communities, in addition to being connected with
the real world. By doing so, this approach enhances students’ engagement with the challenges
and their intrinsic motivation to learn (Ilwatani et al. 2020; Shuptrine, 2013).

Teachers’ views and experiences

The results indicate that CBL is an effective approach for ESD, as many teachers emphasized
the development of citizenship skills that are vital for addressing sustainability issues (Johnson
et al. 2009). Teachers observed increased enthusiasm and curiosity among students when they
were able to explore their own interests within the context of sustainability-related challenges,
positively influencing their behavior and attitudes toward sustainable development. This finding
aligns with other studies concluding that the application of active learning approaches contrib-
utes to the acquisition of skills and attitudes that promote sustainable development (Castro &
Gbémez Zermeno, 2020).

In addition, teachers valued the interdisciplinary, complex, and open-ended nature of sustain-
ability issues, which align well with the holistic and student-centered approach of CBL. Research
has shown that allowing students to work on complex, interdisciplinary problems and make
meaning of their education provokes their interest in sustainable development (Castro & Gémez
Zermeno, 2020; Radberg et al. 2020). However, teachers worried that the open-ended and com-
plex nature of the challenge could overwhelm secondary school students, hindering their ability
to learn effectively. This aligns with previous research (Shuptrine, 2013), which emphasized the
unpreparedness of secondary school students for handling complex problems without clear
solutions. Therefore, it is crucial to balance the level of complexity and open-endedness to avoid
student frustration and disengagement (Doulougeri et al. 2024; Shuptrine, 2013). To avoid this,
teachers could for example introduce complexity gradually. That is, to get students used to
working with sustainability issues, start with smaller, structured challenges to build students’
confidence and familiarize them with the CBL process. In addition, it is important to focus on
the learning process rather than the final product, as some challenges may not produce action-
able solutions, especially in SE. This helps to prevent demotivation by encouraging reflection,
self-assessment, and recognition of student progress and effort. This need for balance also
presented difficulties for teachers, acting as coaches, in providing scaffolds for student learning
while balancing autonomy and structure. These teachers risked either compromising students’
autonomy or leaving them feeling lost without proper support. To address these difficulties,
processes should be presented in an organized manner to avoid overwhelming students with
new information at the beginning of a CBL project, especially considering their limited exposure
to such complex, real-world challenges (Shuptrine, 2013). For example, milestones are often used
to break down tasks into smaller, more manageable steps (Iwatani et al. 2020).

Furthermore, in addressing curricular demands, teachers faced difficulties in balancing disci-
plinary content knowledge with citizenship skill development through CBL, questioning the
suitability of CBL for content acquisition. This is not surprising, as teachers typically prioritize
content acquisition, considering its relevance for exam success. Furthermore, when considering
CBL as an approach to sustainability education requiring curriculum integration, nuances con-
cerning its appropriateness must be taken into account. There are instances when other
approaches may be more suitable for knowledge acquisition than CBL, especially when time is
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limited and a significant amount of information needs processing. Research has indicated that
hybrid approaches, incorporating both student-directed methods and teacher-directed activities
such as direct instruction, are most effective in supporting student learning (de Jong et al.
2023). For example, as demonstrated in one study, providing mini-challenges for knowledge
transfer proved beneficial for knowledge acquisition (lwatani et al. 2020).

However, it should be noted that although curricula usually demand uniform learning outcomes,
flexibility in learning goals is essential for pursuing CBL-related learning gains, given its
student-centered and open-ended nature. To navigate this, and also as a response to ensuring a
certain level of knowledge acquisition, teachers could incorporate a frontloading phase in which
students first acquire necessary content knowledge through more teacher-directed activities, fol-
lowed by a CBL project in which students apply and deepen their understanding through inquiry.

Furthermore, expanding on curricular demands, teachers often encountered logistic and
educational problems in CBL implementations. For example, teachers experienced little oppor-
tunity for cross-curricular activities such as brainstorming sessions or other collaborative activities
with colleagues. These problems frequently stemmed from an overload of educational tasks or
constraints imposed by curricular demands. Time constraints were also significant, as teachers
did not receive additional hours to co-create multidisciplinary education. One explanation for
these difficulties lies in the positioning of CBL implementations within the curriculum. Whether
structured within the curriculum or as a more project-based approach, most CBL implementa-
tions were often situated on the periphery, functioning as interventions outside of core curricular
activities, aligning with a bottom-up approach (Doulougeri et al. 2024; Malmqvist et al. 2015).
These findings coincide with previous studies highlighting logistic and pedagogical difficulties
that limit multidisciplinary education within SE settings, particularly due to tightly compartmen-
talized curricula that leave little room for cross-curricular activities (Nixon et al. 1999; Taylor
et al. 2019). Besides logistic obstacles such as CBLs multidisciplinary approach, its cumulative
impact on an already overloaded curriculum is also influenced by ESD’s positioning within the
school curriculum, which frequently shapes CBL implementations. Currently, sustainability is
often seen as an addition to existing structures, overloading teachers. However, research has
suggested that ESD could redefine curriculum approaches (Jucker, 2011; Selby, 2008; Sterling,
2004), implying the need for a fundamental shift in school vision and strategy to effectively
integrate CBL for sustainability education and raise awareness schoolwide. Therefore, schools
must carefully consider the role of sustainability education and CBL within curricula, potentially
reallocating time and fostering interdisciplinary collaborations (Taylor et al. 2019).

In addressing the logistical and educational problems—namely, the lack of cross-curricular
opportunities for CBL, ESD’s positioning on the periphery of the curriculum, and the need for a
flexible approach to using CBL within an inflexible curriculum—a PLC within the school could
provide pathways to navigate these obstacles. A PLC can foster structured collaboration and shared
ownership among teachers while also creating opportunities to work more closely with school
leadership. In this study, the CBL projects represented initial efforts by teachers, serving as a
foundation for the eventual integration of CBL into the school curriculum. Building on this foun-
dation, and given the autonomy of schools to shape their own education, as well as teachers’
enthusiasm for CBL in ESD, teachers, together with school leaders, could explore the next steps
for ESD integration. For example, they could (1) explore existing ESD approaches in the Netherlands,
such as eco-schools or energy schools; (2) create new subjects that facilitate the integration of
CBL and ESD; (3) organize project weeks in which students work on sustainability issues within
a CBL context; or (4) set aside time throughout the year for working groups where teachers can
meet to discuss CBL opportunities in a cross-curricular setting. This collaborative approach should
align with the school’s vision and include a well-designed implementation plan by teacher teams
to ensure sustainable support and integration across subjects. Moreover, while further research
is needed to refine and validate the CBL compass, this tool, tailored to SE, has the potential to
help teachers and school leaders map their CBL implementation and guide improvements.
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These strategies, which can be seen as an upscaling of teachers’ initial efforts, could address
many of the challenges highlighted in this study, with the PLC serving as a mechanism to
facilitate this upscaling. Furthermore, a cross-school PLC could also specifically contribute to
knowledge exchange between schools that would broaden their perspectives on curriculum
design, using partnerships to combine resources and address shared challenges. Thus, while
the school’s autonomy in curriculum design presents many possibilities that might be over-
whelming and not suitable for every school, a within and cross-school PLC provides an ideal
setting for teachers and school leaders to come together and co-create CBL for ESD approaches
that can be distributed and integrated on a larger scale within and across schools.

Limitations and future research

We utilized an adapted CBL compass for secondary education to capture CBL implementations
thoroughly, based on literature in secondary education and expert reviews. However, we con-
ceptualized the compass according to our understanding, primarily based on the Dutch edu-
cational system. Other researchers could adapt it in different ways based on other educational
systems or conceptualizations. Future research could explore the potential implementation of
the CBL compass in educational contexts beyond the Dutch system.

In addition, in our conceptualization, we might have overlooked certain CBL characteristics
due to teachers’ perceptions or awareness gaps (Cohen et al. 2007; Markula & Aksela, 2022).
Nevertheless, our participants, although relatively new to CBL, likely included what they con-
sidered important. Thus, while our identified characteristics may not be exhaustive, they represent
the most significant ones.

Furthermore, considering the perceived successful integration of CBL with ESD by teachers
in this study, it is crucial to acknowledge their pioneering results. However, when broader groups
of teachers engage with CBL, new difficulties may emerge. For future research, it would be
valuable to investigate, through a longitudinal study, the long-term effects of PLCs in promoting
sustainable CBL practices for ESD, particularly as a mechanism for overcoming obstacles and
scaling-up innovation.

Conclusion

This study contributes to the body of knowledge on CBL implementations, specifically in the SE
context of ESD. The results identify different ways of implementing CBL, with most schools
choosing to showcase real-life and meaningful challenges, connecting with students’ interests
rather than having a challenge owner. Other forms of external collaboration, such as expert
interviews, are used instead to ensure authenticity. In the context of ESD, across the diverse
range of CBL implementations, CBL proves to be an effective approach and an opportunity for
teaching ESD in Dutch SE, as many teachers emphasize the development of citizenship skills
vital for addressing sustainability issues. Teachers observe increased enthusiasm and curiosity
among students when they were able to explore their own interests within the context of
sustainability-related challenges, positively influences their behavior and attitudes toward sus-
tainable development. However, despite the promising outcomes of CBL for ESD, certain facilities
are not yet in place, and support structures are still developing, given the early stages of such
implementations. Furthermore, CBL implementations for ESD are often superficial and positioned
at the periphery of the school’s curricula, emphasizing the need for significant changes to fully
integrate CBL into the curriculum. These changes primarily relate to curriculum reform, consid-
ering the overloaded school curricula, inflexible learning outcomes, and limited opportunities
for cross-curricular collaboration. To achieve full integration of ESD, teachers should work closely
with school leadership, for example, through a PLC, to explore and redesign the curriculum. This
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could include becoming an ECO school, creating a new ESD-related subject using CBL, organizing
project weeks, or involving more teachers in the school. In addition, the CBL compass, tailored
to secondary education, could help teachers and school leaders map their CBL implementation
and inform next steps, further supporting scaling-up efforts. These findings can help educators
navigate the complex landscape of CBL implementations and address curricular difficulties within
SE, promoting collaboration with school leadership to integrate ESD through CBL.
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Appendix A

Guiding tool - secondary education CBL compass

Element Dimension Indicator
Vision Real-life open-ended The extent to which challenges are real-life
challenges The extent to which challenges are authentic

Global themes

Student centered

Involvement of challenge
owner

Curriculum
Teaching and Citizenship
learning
Inquiry-based learning

Collaborative learning

Assessment

Teaching

Learning technology

The extent to which challenges are open-ended

The extent to which challenges are complex

The extent to which challenges cut across disciplines

The extent to which challenges focus on transforming business-as-usual
practices and raising awareness and trust among actors

The extent to which challenges enable students to contribute value to
their community

The extent to which challenges foster self-directed learning

The extent to which challenges enable students to take ownership of
their learning

The extent to which challenges have a challenge owner from academia,
industry, government, or culture

The extent to which challenges require collaboration with external
stakeholders

The extent to which the challenge aligns with curriculum objectives

The extent to which learning activities support the development of
citizenship skills

The extent to which materials and learning activities support
contextualized acquisition and application of disciplinary knowledge
and skills

The extent to which learning activities allow students to define their
own objectives based on their own interests

The extent to which learning activities foster the inclusion of different
perspectives when studying the disciplinary content

The extent to which learning activities stimulate critical reflection

The extent to which learning activities support the development of
research skills

The extent to which learning activities support the development of
meta-cognitive skills and self-regulatory abilities

The extent to which learning activities enable dealing with uncertainty

The extent to which learning activities stimulate cycles of divergent
and convergent reasoning within a team

The extent to which learning activities emphasize interdependence
among team members

The extent to which learning activities promote peer learning

The extent to which assessment includes both the process and the
products

The extent to which assessment takes into account both individual and
team contributions to the learning process

The extent to which assessment integrates both formative and
summative assessment

The extent to which coaching supports scaffolding of students’ learning

The extent to which teachers allow students autonomy while also
providing support and scaffolding

The extent to which teachers can act as coaches, co-learners and
co-creators

The extent to which teacher prompts/guidance are focused on the
content space at the meta-level (e.g. giving feedback on students’
strategies or helping students plan their task progress)

The extent to which teacher prompts/guidance are focused on the
relational space (e.g. giving feedback on students’ collaboration
process or helping students resolve conflicts)

The extent to which teachers collaborate across disciplines

The extent to which learning activities integrate technology, allowing
students to use tools effectively for learning and problem-solving
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Element Dimension

Indicator

Support Facilities

Teacher support

The extent to which facilities offer required materials for both the
development and implementation phases

The extent to which facilities offer required spaces for both the
development and implementation phases

The extent to which facilities offer required time for both the
development and implementation phases

Facilities offer required tools, including ICT, for both the development
and implementation phases

The extent to which support structures offer course design and
pedagogical support for teachers

The extent to which support structures guide teachers in developing
coaching skills and other teaching skills required in a CBL context

Appendix B

Descriptions of CBL projects

Project

Description CBL projects

EcoKino

Sierra Leone

This project spanned 13 lessons and was integrated into the
biology curriculum on ecology, where students chose a
subdiscipline from population ecology, community ecology, or
ecosystem ecology. Students explored these topics through
local and global case studies, identifying a global issue related
to their chosen topic and refining it into a challenge. In
general, the challenge was to create an artistic project that
raised awareness of a sustainability issue affecting ecosystems.
For example, sustainability issues included meat production
and deforestation, the extinction of wild bees, and palm oil
production in Asia. After formulating their challenge, students
investigated their issues through research and interviews with
two external stakeholders. They then translated their science
into a cinematic project that emphasized value and emotion
- options included a video, photo series, song, play, or
podcast.

This project spanned an entire semester, during which students
worked weekly on a topic related to the SDGs, such as
gender equality, clean water, or no poverty. Students began
by selecting an SDG that interested them, and then refined
their focus into a specific challenge. In general, the challenge
was to build meaningful connections with Sierra Leonean
peers to collaboratively explore and address an issue related
to the SDGs. For example, students explored issues such as
access to clean water or gender equality. Throughout the
project, students engaged in personal dialogue with their
Sierra Leonean peers through letter writing, asking and
answering questions about their chosen topics. In addition,
students worked in groups to create reflective mind map
posters and multimedia projects, such as videos or
presentations, that expressed how their chosen SDG was
understood in both local and global contexts. The final
products were shared with peers in both countries, promoting
cross-cultural learning and awareness.
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Appendix B (continued)

Project Description CBL projects

Amstory This project spanned three class periods and was integrated into
the art, career exploration, and geography curricula. Students
were required to write a reflective report that was included in
their art portfolio, along with a separate assignment for
geography. The project lasted about a month and a half and
included a trip to Amsterdam, followed by an innovation fair
attended by both teachers and external stakeholders. The big
idea of the project was an urban sustainability, approached
from a selected perspective related to the SDGs. The
challenge was clear: make Amsterdam sustainable by 2030.
Students could choose from a variety of perspectives,
including tourism, employment, inclusivity, health, and waste
management. After the research phase, students traveled to
Amsterdam to interview key stakeholders relevant to their
research. Proposed solutions were diverse, ranging from
adding more bins at tourist hotspots for better waste
management, to introducing a Dutch license for cannabis
sales to control tourism, to promoting other Dutch cities to
reduce the tourist burden on Amsterdam.

Green badge This project spanned approximately 8 wk and was implemented
in the English Language Learning Department, where there
was no set curriculum and teachers were free to design their
lessons. The main objective was to help students navigate
language use within the school. During the project, students
focused on four themes derived from the SDGs: waste
management, greening, water conservation, and food
sustainability. Each group selected one theme to research and
develop a solution. The big idea focused on creating a
sustainable campus, framed by the essential question: How
can we help the eco-school earn the green badge? The
challenge was tailored to one of the four themes. Throughout
the project, students formulated their challenge, conducted
interviews with the Eco-School team, and were encouraged to
articulate the rationale behind their proposed solutions while
outlining clear action plans for implementation at the school.

Sustainable campus This project spanned an entire academic year and was integrated
into the physics curriculum, where students worked on the
overarching challenge of creating a more sustainable campus
for their school. The project began with students learning
about the SDGs, exploring where these goals intersected with
their own lives, and understanding how they could influence
change. They then explored the school campus to identify key
areas for improvement, with five themes selected, such as
temperature, waste management, and noise. Within these
themes, students were free to choose their focus. In addition
to the main challenge, mini-challenges were incorporated to
meet specific curriculum objectives. At the end of the project,
students presented their findings and solutions to the school
board and participated in a science fair for teachers and
parents. Solutions include Reducing CO2 emissions through an
alternative bus schedule for students, an innovative solution
for solar panels considering the school’s heritage status, and
setting up an awareness campaign for waste around the
school with monthly activities.

ASM This project spanned approximately 9 to 12 lessons within the
physics curriculum. The big idea of the project was
geophysics, with a focus on extreme weather phenomena
such as hurricanes, extreme rainfall, and droughts. The
challenge was to design a research proposal rather than
doing the entire research. This approach encouraged students
to formulate research questions, select relevant physics
concepts, and connect them to real-world climate challenges
related to the SDGs. Students had the freedom to choose one
of four routes related to extreme weather events.
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Project

Description CBL projects

Sustainable energy

Disability tool

This project spanned about 8-10 lessons within the physics
curriculum. The big idea focused on affordable and clean
energy (SDG 7), with the essential question: How should the
energy challenges of the future be addressed? This project
integrated both CBL, the Scrum methodology, and the physics
topic of energy, allowing students to explore sustainability
within the context of their subject matter. Rather than a
completely open-ended investigation, the project was tied
directly to the energy chapter in the curriculum, allowing
students to investigate real-world energy issues while still
meeting key learning objectives. They were tasked with
breaking down the big question into smaller, more manageable
components, conducting research, and proposing solutions to
future energy challenges. The project concluded with each
group presenting their research and proposed solutions.

This one-week project was part of the MAVO Challenge Program
(MCP), an initiative linked to the Béta Challenge Program. The
overall idea was to provide students with hands-on,
project-based learning that addresses real-world needs. Based
on the theme of health and wellness, the challenge was to
design a functional aid for people with disabilities in
collaboration with the local disability platform. Students were
tasked with creating assistive devices for people with various
disabilities, such as visual or hearing impairments. They were
given the freedom to brainstorm, design and prototype their
solutions from scratch. To increase real-world relevance, the
project included direct stakeholder engagement — members of
the Disability Platform visited the school to evaluate the
students’ creations. The project culminated in a presentation
where each group demonstrated their prototypes to the
visiting stakeholders. One notable solution was a planning
board developed for people with dementia, inspired by a
student whose mother worked in a nursing home for
dementia patients.

Appendix C

Codebook
Element Category Codes
Vision Real-life open-ended Real life
challenges Open-ended
Complex
Authentic

Global themes
Involvement of

challenge owner
Student-centered

Curriculum

Across disciplines

Transformative and integrative value
Contribution

Challenge owner

External collaboration

Self-directed learning

Ownership of learning

Student interests*

Meaningful learning*

Curriculum alignment
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Element Category Codes
Teaching and Citizenship Citizenship skills
learning Inquiry-based learning  Disciplinary knowledge and skills

Own objectives and interests
Different perspectives
Critical reflection
Research skills
Meta-cognitive skills
Uncertainty
Collaborative learning Divergent and convergent reasoning
Interdependence
Peer learning
Assessment Process and product
Individual and team
Summative and formative
Teaching Coaching supports scaffolding of learning
Autonomy and scaffolding - clarifying complexity**
Autonomy and scaffolding — Differentiation teacher-regulation**
Autonomy and scaffolding — Autonomy within structure**
Teacher role as coach
Support on content level (e.g. feedback on students’ strategies)
Support on relational space (e.g. feedback on students’ collaboration process)
Collaborate across disciplines

Learning technology Integrating technology
Support Facilities Materials
Spaces
Time
Tools
Teacher support Coaching and teaching skills

Design and pedagogical support
Backing (support from colleagues)*

Teachers’ views  Experiences Challenges
and Successes
experiences  Views Opportunities for project development

Relation to sustainability education*
Note. *New codes that emerged through the coding process. **Subcodes.




