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Abstract: Challenge Based Learning (CBL) is a framework that emerged from the "Apple 
Classrooms of Tomorrow—Today" (ACOT2, 2008) It was developed out of an instructional need 
to help students learn basic knowledge in a way that would be more sustainable while at the same 
time developing the so-called 21st-century skills. At this moment, there seems to be a missing link 
between the flexible and customizable framework CBL promises to be and its practical 
implementation. We introduce a CBL Maturity Model, tweaked from Marshall’s e-Maturity Model,
as a tool to assess the readiness to start with CBL at different organization levels: the organization 
itself, faculties or programmes, and teachers and courses. In this paper we zoom in on the process 
cluster “Teaching staff are provided with CBL pedagogical support and professional development” 
in the “support” category of processes. We look at opportunities for the professional development 
of teaching staff at the University of Twente (UT), one of four technical universities in the 
Netherlands and one of the 13 partners in the European Consortium of Innovative Universities 
(ECIU). 
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Introduction

Meeting the needs of students, communities, and industry now and in the future is a challenge; never did 
the needs of industry and society change at such a pace. It is increasingly difficult for education to adapt to that 
dynamic. A substantial amount of the competencies students acquire during their study become irrelevant by the 
time they enter the labour market, and it is not obvious how to adapt today’s education. In addition, today’s students 
will be solving the future challenges society will face. However, a simple passing down of transfer of knowledge as 
the basis of education will not offer solutions to environmental, social, technological, ethical, and economic 
problems (Collins-Nelsen et al., 2021; Pellegrino & Hilton, 2013). When considering the diversity of careers and 
backgrounds with various sets of skills and requirements, a more flexible, adaptive and even proactive curriculum 
seems necessary. The strategic agenda for research and higher education of several governments encourages 
universities to become more flexible and to improve higher education's social relevance (Rijksoverheid, 2020) 
Curricula will have to evolve and become more responsive and adaptable. A curriculum without a rigid structure 
(and infrastructure) that can respond quickly to changes will have a hard time staying ahead of those institutions that
develop an educational infrastructure matching the educational ambitions of the institution (Kamp, 2016).

Until recently, looking for external approval, the innovative capacity of the education sector has mainly 
focused on improving existing pedagogical methods and resources (Brennan et al., 2014; Joos & Meijdam, n.d.; 
OECD, 2016). But educational institutions increasingly see innovation as a decentralised way of using new findings 
and insights from research and practice to identify problems, generate and test novel solutions (Bovill, 2014; 
Brennan et al., 2014; Fadeeva & Mochizuki, 2010; Gravett et al., 2019; Tassone et al., 2018). A significant 
advantage is that when universities find solutions themselves, there is likely to be greater internal support for 
implementation (Foray & Hargreaves, 2003). 

The University of Twente (UT) in the Netherlands identified challenge-based learning (CBL) as an 
educational framework to support some of her ambitions for future proofing education. CBL gives students the 
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opportunity to learn while collaborating  on real life challenges, and to educate students to become future 
professionals that have a real impact on society by letting them learn to experiment and create new knowledge by 
conducting research and designing solutions to real-life challenges in an interdisciplinary setting (Loohuis & Chapel,
2021). 

The potential of the Challenge Based Learning (CBL) approach is tested in an experimental and 
experiential bottom-up setting in which development and improvement are core. However, enabling teaching staff to
take ownership of the innovation process requires educational support. The UT’s Centre of Expertise in Learning 
and Teaching (CELT) supports teaching staff and other education stakeholders at all levels of the university. Support
includes training as well as the provision of resources and tools relevant to academic teaching. In addition, CELT is 
actively involved in educational innovation projects. But while teachers do want to implement more active and 
innovative forms of learning, due to multiple constraints, they in fact often resort to more traditional approaches to 
teaching and learning. These findings stress the need for evidence-based, effective and supportive instruments to 
facilitate the educational innovation process while also building on the evidence- and research-based insights 
provided by (educational) science. 

Several authors have pointed out the need for tools to help institutions and teachers cope with the 
implementation of innovation processes. However, no comprehensive model with criteria and indicators to guide the
implementation process had yet been developed.  Our own experience with CBL in the context of ECIU and UT 
pilots made it clear that we needed to design, test and evaluate a tool to assess the degree of implementation-
readiness of CBL in higher education. We developed and presented a CBL-Maturity Model (CBL-MM), tweaked 
from Marshall’s e-Maturity Model to support education providers with the introduction and scaling of CBL and 
focus on the use of that framework in the context of the teachers’ professional development.

Challenge based learning

At the University of Twente (UT), an increasing number of staff has been implementing Challenge Based 
Learning or features of CBL in their teaching.  Similar to Problem Based Learning, CBL is an educational approach 
which encourages active learning. One of the main differences between CBL and active learning methods is that by 
working on real life challenges instead of case studies, students could start making a difference right now by 
creating impact and thereby contribute to solving the problems that society faces (Clegg & Diller, 2019; Gallagher 
& Savage, 2020; Leijon et al., 2021). CBL is based on the premise that learning can be driven by challenging, open-
ended, multiple solution, no single right answer problems. The outcome is not predictable; the process determines 
the direction. Teacher and students are both learners as well as educators. Students engage with the real world, 
involving all stakeholders and community members necessary to mobilize resources. They go on to publishing the 
outcomes of each step to receive feedback and to learn from mistakes  (Observatory of Educational Innovation, 
2015). Failures are part of the learning experience, not only for the student but also for the stakeholders involved: 
failures trigger reflection. Fig. 1 shows the CBL features identified in the literature (Chapel et al., 2021; Gallagher &
Savage, 2020; Leijon et al., 2021; Nichols & Cator, 2008).  Besides being student-centered, CBL is above of all 
student-driven. Educators don’t design learning activities at the outset. Individual learning goals of students are not 
set from the beginning. Educators adopt a coaching role and stimulate reflection amongst students during their 
learning trajectories. Another important feature of CBL is collaboration. While also a feature of problem or project-
based learning, in CLB collaboration takes place in an interdisciplinary way. The solution students come up with 
must be environmentally, socially, and economically sustainable (Nichols, Cator, & Torres, 2016).  
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Figure 1. Features of CBL

Overall, CBL appears to be a useful approach to guide teachers towards future-proofing education. CBL can 
close the gap between the real world and education. It motivates students, establishes lasting networks for everyone 
involved, enables deeper comprehension of the subject, shifts the responsibility for learning naturally from teacher 
to student, and supports the development of transferable skills that are essential for students to thrive in the unknown
and dynamic context in which they will be working in the future (Berland et al., 2013; Clegg & Diller, 2019; Ettema
et al., 2020; Gallagher & Savage, 2020; Mas, 2019). 

When implementing the CBL approach in an existing module or course, the assessment policy, intended 
learning outcomes, and the available time are fixed factors. Like any other element of education, the success of CBL
as an educational approach depends largely on the alignment with other aspects of the educational system 
surrounding it (McKenney, Nieveen, & van den Akker 2006). At this moment, there seems to be a missing link 
between the flexible and customizable framework CBL promises to be and the practical implementation of CBL. 
Innovation of a curriculum does not happen just because it is one of the strategic goals of the institution, and it 
requires openness and interaction between the actors involved. It cannot be expected that staff will start the 
challenging process of transformation towards a future proof curriculum on their own without proper support and 
resources (van den Akker et al., 2006). The processes needed to support education within a university are usually in 
place at every university. However, to systematize and align these processes at the different levels of the institution 
is a different story (S. Marshall, 2010; Tocto-Cano et al., 2019). 
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Designing the CBL-Maturity Model

To address these issues and to facilitate innovation in teaching and learning, our research aims to tweak the 
E-Learning Maturity Model (eMM) into a Maturity Model for CBL (CBL-MM). The eMMmodel is a well-
recognized instrument for systematically assessing and supporting innovative improvement of education (Marshall, 
2010; Sanchez-Puchol & Pastor-Collado, 2018; Tocto-Cano et al., 2020; Van Laer et al., 2017). The model 
identifies dimensions relevant for teaching staff, for programmes as well as for organisations. Each level has several 
dimensions, and each dimension in turn corresponds to indicators that describe the degree of maturity. The eMM 
consists of five categories, (Learning, Development, Support, Evaluation and Organization). Each of these 

categories contains processes related 
to delivery, planning, definition, 
management, and optimization. (Fig. 
2) All processes must be based on 
empirical evidence (Marshall, 2010). 

One can also use the maturity
model as a reflection instrument to 
map out a current situation, a baseline 
in line with the use of benchmarks for 
internal quality improvement and 
evaluation. It addresses the primary 
process of educational institutions, 
namely the quality of teaching and 
learning in a culture of continuous 
improvement.

The advantage of using a 
maturity model as a measurement tool

resides in its potential to facilitate open dialogue with higher education staff interested in improving the 
effectiveness of innovating education. Instead of working with a checklist or hierarchy of the right things to do, the 
CBL-MM aims at transforming the ability of staff to set their own priorities while proactively ensuring the 
continuous improvement of quality, focussing on five process areas which are present in any educational institution: 
i) Learning, all processes that directly impact pedagogical aspects of learning, ii) Development: all processes 
surrounding the creation and maintenance of resources, iii) Support, all processes surrounding the support and 
operational management of learning, iv) Evaluation, all processes surrounding the evaluation and quality control of 
learning through its entire lifecycle, v) Organisation, all processes associated with institutional planning and 
management.

The categories and processes –Marchall refers to them as ‘practices’-- of the eMM have been validated for 
higher education and retained in the transformation of eMM into CBL-MM. Only the specifics of the subprocesses 
were tweaked to align the challenge-based learning practices with educational support processes. Maintaining the 
overall structure of the eMM in the  CBL-MM, we focussed on what is needed to implement CBL at three levels: 
course, faculty, and institution. We did so based on research literature on CBL, on CBL quality and on consultation 
with the target groups through a survey and interviews. Figure 3 outlines the tweaking process leading to the CBL-
MM. 

Five main aspects of CBL were identified through a literature review: challenges, stakeholder involvement,
collaboration, competence development and flexible learning paths (See Fig 1) These were then translated into 
practices that could be objectively measured. Following up on the creation of the practices, they were divided into 
the relevant category. Overall, the CBL-MM instrument was structured into five categories, with 35 processes, each 
consisting of five phases and a total of 594 practices. Figure 4 presents an overview of the 5 categories and their 
associated 35 processes. 
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Figure 2 Overview of the 5 categories and associated processes

Applying the CBL-Maturity Model to design teacher support

Based on an online survey including all or a selection of the different practices, the CBL-MM can be used 
at the level of institutional management, support staff, programme directors and teaching staff. Ideally, the 
programme manager completes the survey from a management perspective and all teachers in the programme 
complete the survey individually. 

The Teacher Assessment Form (TSF) consists of an online survey form with a total of 152 statements 
related to practices. The responses to each statement relate to the extent to which the practice occurs (Is Relevant?, 
Exists?). Each statement has the following value scale: 1 (Does not occur), 2 (Occurs partially), 3 (Occurs largely), 4
(Occurs completely). On this scale, the score for each statement refers to one of these values. Each participant's 
score is the sum of the points scored on each question. The TSF results need to be combined with the institutional 
level, support level and programme level identification results to get a complete overview.

In the Support category of processes, which refers to processes surrounding the oversight and management 
of CBL, the following 5 processes are identified
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 S1: Students are provided with technical assistance when engaging in CBL
 S2: Student enquiries, questions and complaints are collected and managed formally
 S3: Student enquiries, questions and complaints are collected and managed formally
 S5: Teaching staff are provided with CBL pedagogical support and professional development
 S6: Teaching staff are provided with technical support in using digital information created by students 

Each of these clusters contains indicators related to delivery, planning, definition, management, and optimization. 
Table 1 lists the indicators associated with process S5 Teaching staff are provided with CBL pedagogical support 
and professional development in the support category of processes.

Table 1. Indicators for Process S5 
not part
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Teaching staff are provided with support resources (including training, guidelines, and examples) on the 
pedagogical aspects of CBL
Teaching staff are provided with support resources (including training, guidelines, and examples) on researching 
and reflecting upon their own practice with CBL pedagogies.

Teaching staff are provided with support resources (including training, guidelines, and examples) on how to assist 
students in developing CBL skills.

P
l
a
n
n
i
n
g

CBL design and (re)development procedures include a formal assessment of teaching staff CBL skills.

CBL design and (re)development procedures include assistance for teaching staff in changing pedagogies.

Teaching staff are recognized and rewarded for their engagement with innovative CBL initiatives.

CBL support is guided by a researched evidence base.

Technical design and development support is formally scheduled during CBL design and development.

CBL support is provided during the hours teaching staff are engaged in CBL activities.
Teaching staff employment and promotion criteria address CBL skills.

Specialist staff support the use of CBL design and (re)development procedures.

D
e
f
i
n
i
t
i
o
n

Institutional standards are defined for the assessment of teaching staff CBL skills.

Pedagogical issues are formally addressed in CBL design and (re)development procedures.

Support staff are provided with standards and guidelines covering technical and pedagogical aspects of CBL design
and (re)development.

Teaching staff are provided with project tools (including standard contracts and licenses, checklists, and quality 
assurance procedures) for CBL design and (re)development.

Allocation of support resources is guided by institutional CBL strategies and technology plans.

Staff engaged in CBL design and (re)development are provided with a researched evidence base of CBL initiatives.

Staff technical support requirements are formally addressed in CBL technology purchase procedures.

M
a
n
a
g
e
m
e
n
t

Teaching staff use of pedagogical support and assistance is regularly monitored.

Teaching staff capability to use CBL technology and pedagogies effectively is regularly monitored.

Feedback collected regularly from staff regarding the effectiveness of the pedagogical support and training 
provided.
Feedback collected regularly from students regarding the effectiveness of teaching staff in using CBL technologies 
and pedagogies.

Compliance of CBL support with institutional CBL strategies and technology plans is regularly monitored.

Financial costs and benefits of staff CBL support facilities are regularly monitored.

CBL design and (re)development activities are subject to formal quality assurance reviews at key milestones.

Risk assessments of CBL initiatives undertaken regularly to identify requirements for new or changed staff 
pedagogical support.

Overlap and duplication of CBL support is regularly assessed.

O
p
t

Information on the CBL technology and pedagogy skills of teaching staff guides the resources allocated for 
support.
Pedagogical support implications explicitly addressed when deploying CBL technologies.
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Technology deployment procedures formally address the resourcing of CBL support.

Information on the effectiveness of design and development support guides the resourcing of CBL support.
Information on the effectiveness of design and development support guides the strategic and operational planning 
of CBL.

Institutional risk assessments and mitigation strategies are regularly updated to reflect changing staff CBL 
technology use and support needs.

Using an online survey, teachers were questioned on whether they applied these features and if so, whether 
one or more types of support would be appreciated. (Table 2). All 476 course coordinators from both bachelor’s and 
master’s programmes were asked to complete the survey. Seventy-eight out of the 476 completed forms could be 
used for the analysis, representing a response rate of 16.4% (Table 3). Some of the coordinators were responsible for
both a bachelor and master course (N=10), the percentage of courses for which this applies is therefore higher than 
the number of responses. 96.1% (N=75) indicated that they have implemented features of CBL or intended to do so 
soon. 83.3% (N=65) stated that they would like support.

Table 2. Type of support considered useful (N=65)

Yes (%) No (%)

Educational support: resources and materials (Literature, formats, guidelines) 79.5 20.5

Professional development opportunities (CBL pedagogical training, peer 
intervention sessions, webinars)

46.2 53.8

Personalized educational support (Pedagogical advice, technology enhanced 
learning, course (re)design)

87.2 12.8

Personal development opportunities (Creative leadership, coaching, network 
meetings)

28.2 71.8

Financial support (Money for time) 33.3 66.7

85.6% of teachers indicated that they would like educational support or training when engaging with CBL to 
innovate and improve their teaching. Personalized educational support as well as the provision of educational 
resources and materials were the most desired types of support.

Table 3 looks in greater detail at whether support would needed, and if so, which type of support would be 
considered important for the successful implementation of CBL in their teaching. 

Table 3. Percentage total support need and connection to support type

Support
needed

Indirect
Educational

Support

Direct
Educational

Support

Professional
Development 

Financial
Support

Personal
Development

Teachers as coach 89.7 72.9 80,0 34.3 27.1 18.6

Skills reflected in Learning outcomes 84.6 68.2 78.8 30.3 30.3 15.2

Self-directed learning 84.6 66.7 75.8 33.3 31.8 16.7

Interdisciplinary teams 69.2 61.1 77.8 40.7 31.5 20.4

Learning driven by challenges 53.8 57.1 69.0 42.9 33.3 16.7

Involvement of external partners 48.7 57.9 71.1 47.4 42.1 23.7

Transferable skills 42.3 63.6 81.8 33.3 36.4 12.1

Societal impact 41.0 56.3 71.9 43.8 37.5 12.5

Prototyping 35.9 89.3 89.3 10.7 42.9 7.1

Use of state-of-the-art technology 30.8 66.7 79.2 16.7 45.8 4.2

Students as co-designers 25.6 50.0 55.0 45.0 15.0 25.0

Learning to learn 15.4 83.3 91.7 25.0 33.3 8.3

Micro-modules 7.7 33.3 0.0 0.0 0.0 16.7
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Importantly, learning how to coach is a top priority for 89,7% of respondents, with a clear preference for direct 
education support. Teachers feel least prepared for their coaching role, which is an essential component of CBL. On 
the other hand, teachers feel more confident that they can handle micromodules based on their existing teaching 
competences, as reflected in their reportedly lower need for support. 

Discussion and conclusion

This study describes the development of a multi-level CBL-MM, the maturity model for challenge-based 
learning. The CBL-MM can be used to identify strengths and opportunities for innovation based on CBL at the 
course, programme, or institutional level. Through analysis of survey results based around a set of indicators, we 
provide proof that this model can be used to design a targeted support system which addresses the elements needed 
to successfully implement CBL as well as the specific process-based needs of teachers. 

The CBL-MM can be of considerable value for educational support and development of departments in the 
process of innovating education. It ensures that staff can innovate at their own pace and in their chosen direction, in 
line with the strategic direction of the institution and with the key ingredients of the innovative approach. The 
benefits for the institution and staff include insight into the quality and extent of innovation in education, and into 
the strengths of their own education or that of others. As the maturity assessment can be repeated at different times, 
perhaps focussing on different aspects, the CBL-MM not only provides a baseline but it also monitors progress and 
perhaps new challenges which were initially not yet identifiable. 

Successful use of a MM is far from being a quick fix. Not only does it take time to finetune insights into the
needs of staff related to aspects of, in this case, CBL features, but it also requires attention to detail as well support 
and involvement from institutional management. The latter can also be charted using the CBL-MM. 

Our work is now at the stage of validation of the CBL-MM. In this development phase, we are surveying a 
diverse group of faculty, policymakers, managers, and support staff. Beyond the design of relevant and adequate 
support structures for teachers, this should lead to an analysis on which an innovative transformation can be based. 

In light of the much-needed changes to future proof education, CBL is a promising venue. However, it is 
not without its challenges, as there may be a wide variation in quality of CBL design and classroom implementation.
CBL yields excellent results, but if CBL is not implemented and executed well, it is possible that many assignments 
and activities will be inappropriately labelled as CBL, and student-driven learning may suffer. There is also a risk 
that due to a lack of time or sufficient knowledge about CBL, educators using the CBL approach will be under-
prepared, thereby undermining the potential of CBL.
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