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ABSTRACT ARTICLE HISTORY
Transformative curriculum innovation is needed in engineering education Received 23 March 2023
programmes, to continuously keep up to date with developments in the Accepted 25 August 2024
professional and research disciplines, in society, technology and
pedagogy, and in the characteristics and needs of its diverse students. Curi —_

R . . . , . urriculum Agility;
To enable and facilitate such innovations, both the curriculum’s design engineering education;
and its institutional organisation need to be easily adaptable. This paper curriculum innovation;
introduces Curriculum Agility, a concept that has been developed transformative innovation;
between 2018 and 2023 in a series of focus group sessions with co-creation
engineering education practitioners and experts. Throughout these co-
creational and iterative sessions, Curriculum Agility was defined as a
responsively organised education, with dynamic learning contents and
flexible pedagogics and didactics, while all involved staff is continuously
developing competency to deal with the necessary transitions. Ten
principles of Curriculum Agility are presented to guide curriculum
innovators at programme and course level towards continuous
transformation that is desirable, feasible, and viable within their context.

KEYWORDS

Introduction

Since the 1990s, there has been an ongoing discourse in engineering education (EE) on how it needs
to adapt to discipline-specific, technological and societal changes that lead to the need to teach stu-
dents different and additional competencies for employability as well as competencies for sustain-
ability (Kolmos, Hadgraft, and Egelund Holgaard 2016). Sheppard et al. (2008) examined EE on a large
scale for several years and emphasise the need for a holistic view to meet these demands of the
twenty-first century, with respect to diversity, quality, and rigour in curriculum adjustments. New
educational paradigms are needed, rather than mere tweaking of curricula. Grasso and Burkins
(2010) describe the resulting tension between the nineteenth-century design of Higher Engineering
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Education Institutions (HEEIs), the twentieth-century curriculum designs to teach engineering skills,
and the twenty-first-century professional context after graduation. Therefore, they agree that there is
a need for transformation rather than reformation in education, as only transformation into these
new paradigms can address the challenges ahead due to disruptive technologies, globalisation,
and demographic change.

Which knowledge, skills, and attitudes students need to learn to be able to work and function in
this era, the employability competencies, has been studied abundantly (Dede 2010). Kamp (2016)
summarises a kaleidoscope of learner attributes such as creativity, communication, lifelong learning,
social relevance, interdisciplinary thinking, and entrepreneurship, for engineering students specifi-
cally. Martinez Bravo, Sddaba Chalezquer, and & Serrano-Puche (2021) summarise and capture a
vast list of competencies belonging to digital literacy in their meta-study. The CDIO syllabus 3.0
development (Crawley et al. 2014; Malmqvist et al. 2022) shows a continuous refining of expected
learning outcomes to underlie engineering course and programme design. This syllabus shows
both competencies for employability and for sustainability. Many universities work with the Sustain-
able Development Goals (United Nations 2021) for students to contribute to a global sustainable
society (Wiek, Withycombe, and Redman 2011). They add the competencies needed to promote sus-
tainable development to their engineering curricula: understanding the role of culture, appreciating
cultural diversity, and applying humanistic and holistic approaches to create a peaceful and equal
world (UNESCO 2017).

Knight (2001) pronounces how the increasingly complex learning of engineering is best pro-
moted by coherent curricula, with clear links and progression between courses of a programme.
But this kind of coherence is not widespread. Kolmos, Hadgraft, and Egelund Holgaard (2016)
discuss how universities more often choose minor revision strategies, adding on or integrating at
course level, than the more complex and demanding redesign or transformation of their engineering
programmes. With the example of social-emotional skills, Scheerens, van der Werf, and de Boer
(2020) show how diverse the translations of such ‘new’ employability competencies are in higher
education, resulting in numerous pedagogic and didactic formats of what and how to teach and
assess. When students even need to be exposed to wicked sustainability problems that are
complex, unstructured, and interconnected, to develop truly useful sustainability competency
(Kopnina 2020; Malmqvist et al. 2022), the implementation requires even further-stretching
changes that are not clear-cut (Hanstedt 2023).

Subsequently, we see many different translations, implementations, and operationalisations of
distinctive employability and sustainability competencies in educational practice. How innovative
these are, how much of a change compared to how it was before, depends on the context,
culture, and (academic) traditions of the HEEI, varying from incremental (continuous improvement),
sustaining (securing position), radical (breakthroughs to new targets), to disruptive curriculum inno-
vations (altering the system) (Christensen 2000). Lindsay et al. (2023) take the context out of the
equation and look at the maturity of a curriculum innovation. They state that when experience
(branding and service), offering (systematic implementation) and configuration (networking, struc-
ture, profit) are all covered, a disruptive innovation is anchored to sustain. There are examples of suc-
cessful radical and disruptive curriculum innovations on the programme level (Andrade 2020; De
Beer and Van Niekerk 2017; Hallenga-Brink 2018; McCully and McDaniel 2007; Miller 2019; Willis &
Anderson, 2013) but all show different approaches in this sense. They do have a reflective process
in common and each has a shared vision underlying the innovation. Considering engineering edu-
cation worldwide, differences in norms, values, and priorities in the global north and south and
different academic traditions lead to different assessments of which and how much change is desir-
able and how it sticks (Escobar 2017; Nicholson 2022). It matters who does the innovation.

HEEIs that work from a social innovation and ethical point of view on organisational educational
changes and want to practice as they preach, benefit from inclusive co-creation within the curricu-
lum design processes with multiple stakeholders (Baumber et al. 2020; O'Donnell 2016). But also
HEEIs that operate more from an academic or market-driven mode than a hybrid (societal-values-
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driven) one, have to move beyond the individual incremental course-based improvement based on
student evaluations (Kolmos, Hadgraft, and Egelund Holgaard 2016), and need different stakeholders
around the table. The more disruptive, the more stakeholders are impacted by a curriculum inno-
vation. Lindsay et al. (2023) indicate that teaching staff is the most important stakeholder for accep-
tance, as they need a willingness to change. Merton et al. (2009) points out the importance of the
role and advocacy of the leadership in the acceptance of a radical or disruptive curriculum inno-
vation. Fullan and Ballew (2004) include moral purpose, coherence making, energy, enthusiasm,
and hope as ingredients in their framework for leadership to reach commitment. But Coppoolse
(2018) shows that making changes happen as an innovation manager, in a top-down way by
running a temporary project, is suboptimal and risks premature termination or lack of adoption of
initiatives. Walkington (2002) concludes that curriculum development is no longer the sole respon-
sibility of one — any - single academic in a university, but instead requires a broader holistic approach
that considers the needs of and impacts on students, teachers, institutions, employers, and govern-
ments. This study investigates such holistic approaches when co-creation (Brown 2008) with such
stakeholders is considered.

Because the VUCA (Volatile, Uncertain, Complex, Ambiguous) world (Kamp 2016) unpredictably
pushes the need for shifts and changes of curricula through time, HEEIs’ needs can vary considerably,
regarding to what extent to disrupt their curricula, which parts, at what point in time, and how often.
Obstacles in the change processes are plenty, such as policies and laws, exam board approval, the
need for developing staff competency and their willingness, lack of resources, and students’ opinions
(Brink et al. 2019), but are also highly context specific. Transformative curriculum innovation pro-
cesses strive to create new value, reconciling tensions and dilemmas, and take responsibility to
shape a better future (OECD 2017). They can include many bigger and smaller changes along the
way. The question is then what can enable such continuous curriculum innovation, no matter in
which direction it sets out to go, and whenever it is desirable in a certain context and moment.

The curriculum is the sum of learning vision, goals, content, resources, teaching, assessment, time,
place, collaboration, and organisation (van den Akker, Kuiper, and Hameyer 2003) at both course and
programme level. Considering all the diverse, continuous, multi-perspective, and multi-stakeholder
curriculum innovations possibly needed in EE in a VUCA world, a certain agility is needed in the cur-
riculum design. This agility refers to an ability to continuously adopt, respond, tweak, or change what
is taught, how it is taught and how it is organised. Yet, this pressures the prevailing outcomes-lead
curriculum designs and the outcome-oriented quality systems around them. This Curriculum Agility
(CA) is what this study focuses on:

What principles contribute to and help curriculum innovators to develop Curriculum Agility in higher engineer-
ing education to facilitate continuous transformative curriculum innovation processes?

The study is performed in the context of engineering education, but the findings can contribute
to curriculum innovation in other profession-oriented disciplines as well. It includes all EEs’ direct and
indirect stakeholders, no matter where a university is located. The sought principles are directed to
the people contributing to the actual curriculum transformations. Coppoolse (2018) uses the term
innovation managers for those who lead the innovation, whether a project leader, consultant, or
line manager. In this study, we use the term curriculum innovator, to embrace the holistic approach
suggested in the literature review and include all practitioner-participants who are involved in the
process, no matter their role and regardless of the position they hold within their university.

Method
Procedure and participants

Within educational design research, the first stage of research for intervention McKenney and Reeves
(2018) seeks to contribute to theoretical understanding by focusing on the problem, the context in
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all its complexity and the different stakeholder perspectives. This study aims to give insight into what
is happening when working with continuous curriculum transformation in the increasingly complex
context of engineering education worldwide. Therefore, it sought to involve those who are part of
that complexity and working with curriculum innovation. International engineering education
network meetings and conferences were chosen as the arena to get in contact with an international
variety of curriculum innovators. Focus group sessions were planned for participants to
discuss general assumptions in curriculum innovation and together synthesise pluralist principles
in a co-learning agreement: gaining experience and expertise by participation through action and
reflection by both researchers and practitioners within the group. Thus, the participants were
co-creators of an - at the start of 2018 new - way of looking at the programme-level transformative
curriculum innovation: by considering the agility of the curriculum design and organisation. By this,
the study aimed to contribute to the development of transformative curriculum innovation theories
at the crossroads of programme curriculum development and educational innovation theory.

McKenney and Reeves (2018) indicate that creativity within research for intervention is typical
and essential to cater for the necessary flexibility and responsiveness within the development
process of the answer to the research question. The sessions were a journey of which the end
destination was yet unknown, and therefore needed this creativity. Therefore, co-creative
research-through-design activities (Godin and Zahedi 2014) were planned in the focus group ses-
sions to flexibly guide the research process towards answers captured in a certain tangible form.
The activities were offered in the typically non-linear, iterative design thinking phases of
empathising, defining, ideating, prototyping, and testing (Brown 2008): The empathise phase
focused on brainstorms on the different needs, desires, challenges, obstacles, and motivations
at play in curriculum innovation, to increase the relevance of the eventual results. By integrating
user and expert experiences in the brainstorming sessions, change opportunities were identified
(Gallagher and Thordarson 2020). In the defining phase, the vision, definition, scope, and con-
straints of CA were put into words based on the insights of the empathise activities and literature
studies done by the focus group members. Techniques used were dot voting, and joint writing
exercises. In ideation, the principles and the visual representation of the CA concept were ima-
gined and re-imagined and, when relevant, added to, by fishbow! discussions, flow sketching,
and reconfiguration exercises. This led to prototypes in visualisation and word of the
concept of CA, the next phase. As tests, cognitive walkthrough activities were used (Lyon
et al. 2021; Martin and Hanington 2019), to identify and assess aspects that may inhibit or
facilitate the use of the prototype. All five design-thinking phases were iterated both during ses-
sions and in between sessions, see column 4 in Table 1. The outcomes of each focus group
session, plus the work shortly after, were used as input for the following session. Column 4
also shows the intermediate results that were worked on and revisited for validation and
further development in the design thinking activities. Thus, the CA concept progressively
developed to its current tangible form of a definition, characteristics, principles, rationales, and
a visualisation of the concept.

Eleven interactive sessions were held between 2018 and 2023 at international engineering
education conferences and meetings, such as the Worldwide CDIO Conferences and the Frontiers
in Education Conference, see Table 1. The sessions were one to three hours long, except for the
working group days (sessions 3, 8, and 11), which were six- to eight-hour sessions. The concept of
CA was constructed by an internationally diverse group of participants (column 3 in Table 1).
Their individual cause for participation was to gain insights into a capacity for sustaining trans-
formative curriculum innovation and translate it to their own context. They were aware of the
research project and able to withdraw their input or participation at any moment. Therefore,
there were sometimes more participants than co-creators in a session. All participants were EE
practitioners, with an interest and experience in curriculum development, and specifically inno-
vation. Their position within their university varied from faculty deans to middle managers, pro-
fessors to lecturers, and workshop technicians to PhD students. Ages varied between 25 and 65
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Table 1. The focus group session series and the co-creating participants.

Session format

Actual co-creators of all session
participants

Occasion Gender Design thinking activities (during and
Session date Location Nationalities shortly after the session) outcomes
1. July 2018 Workshop 18 co-creators: Empathising, ideation, defining,

2. January 2019

3. June 2019

4. January 2021

5. June 2021

6. October 2021

7. October 2021

8. June 2022

9. November
2022

« Worldwide EE conference
e Kanazawa Institute of
Technology, Japan

Working lunch

e EU&UK regional EE
meeting

e CESI Graduate School of
Engineering La Rochelle,
France

Working group day

o Worldwide EE Conference,

e Aarhus University,
Denmark

Online workshop

e EU & UK regional EE
meeting

o Norwegian University of
Science and Technology
Trondheim, Norway

Online roundtable

o Worldwide EE Conference
e Chulalongkorn University
Bangkok, Thailand

Hybrid special session

o Worldwide EE conference

o University of Nebraska —
Lincoln

o College of Engineering,
USA

Online interactive keynote

¢ Asian regional EE meeting
e Australian College of
Kuwait, Kuwait

Working group day

o Worldwide EE Conference

o Reykjavik University,
Iceland

Fall meeting workshop

o EE Fall Working Meeting
e TUAS, Turku, Finland

e 7 women, 11 men

e From Australia, Canada,
Denmark, France, Ireland,
Japan, the Netherlands,
Norway, Russia, Sweden, UK,
USA

20 co-creators:

e 8 women, 12 men

e From Denmark, France,
Iceland, The Netherlands,
Russia, Sweden, Tunisia, UK

8 co-creators:

e Of 11 participants in total

e 4 women, 7 men

e From Indonesia, UK, Norway,
the Netherlands, Sweden

14-25 co-creators:

o Of 29 participants in total

e 9 women, 20 men

e From Denmark, the
Netherlands, Norway,
Sweden, Switzerland

19 co-creators:

e 7 women, 12 men

* From France, Japan, Tunisia,
The Netherlands, UK, Norway,
Singapore, Spain, Sweden,
Thailand

8-10 co-creators:

e Of 13 participants in total

e 4 women, 9 men

e From Canada, The
Netherlands, USA, Sweden

21-25 co-creators:

o Of 107 participants in total

e Male-female division
unknown

o From the Middle East and the
whole of Asia, plus Australia

16 co-creators:

e 9 women, 7 men

« From Sweden, Norway, UK,
The Netherlands, Estonia,
France

9 co-creators:

e 4 women, 5 men

« From Sweden, Norway, the
Netherlands, Finland,
Singapore

empathising

The name of CA, 1st prototype,
characteristics of CA, lists of
obstacles for curriculum innovation

Developmental evaluation,
empathising, ideation, defining
Important elements of CA,
obstacles, good practices

Empathising, defining,
developmental evaluation

Refined definition CA, rationale for
CA, 2nd prototype

Developmental evaluation, testing
3rd prototype, culture of change
principle, CA pandemic stress test,
conference paper on the 7
principles of CA

Empathising, defining, testing,
ideation

4th prototype, validation of 7
principles, stakeholder insights

Empathising, developmental
evaluation, testing, defining
Refined principles, 8" principle
added

Empathising, defining

6" prototype, validation principles
in another region, 9" principle
added

Developmental evaluation,
empathising, ideation, prototyping
7™ prototype, 10 principle, 4th
addition to characteristics

Developmental evaluation,
defining, ideation

8th prototype with different
configuration of principles

(Continued)
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Table 1. Continued.

Session format
Occasion

Session date Location

Actual co-creators of all session
participants
Gender
Nationalities

Design thinking activities (during and
shortly after the session) outcomes

10. January 2023 Working group session

o EU&UK regional EE
meeting

o Canterbury Christ Church
University, UK

11. June 2023 Working group day
* Worldwide EE Conference
« Norwegian University of
Science and Technology
Trondheim, Norway

11 co-creators:

e 3 women, 8 men

e From UK, Ireland, the
Netherlands, Sweden,
Norway, Finland

15 co-creators:

e 8 women, 7 men

e From Sweden, the
Netherlands, India, Canada,
UK, France, UK, Finland

o Developmental evaluation,

ideation, defining

o New visualisation of CA concept,

9th prototype, validation of
principles

o Developmental evaluation,

ideation, defining

o 10th prototype of CA, new

categorisation of principles,
validation

years. Some attended multiple sessions, others came in only once or twice. A core group of eight
co-creators formed voluntarily around the lead researcher. They attended frequently and collabo-
rated more intensively in between sessions as well.

Data analysis

The data analysis was a systematic thematic analysis, with transcription, keywords, coding,
theme development, conceptualisation, and modelling as the main stages (Naeem et al. 2023).
The core group of co-creators together with the lead researcher carried out this thematic analysis
to increase intersubjectivity and limit potential bias. They used the ‘developmental evaluation’
approach of Leonard, Fitzgerald, and Riordan (2016) for each phase of the thematic analysis to
analyse, interpret, report, reflect, and validate iteratively (see Table 1, rightmost column). This
approach is particularly helpful to evaluate research results that are in a continuous state of
change, by not asking evaluators to simply appraise a final outcome but to iteratively co-create
and prototype. Within the thematic analysis, this interactive approach supported the core group
of practitioners to form multi-perspective narratives for each principle based on the data, in line
with Lainson, Braun, and Clarke (2020).

Thus, the data analysis and validation became built-in steps of the co-creative design process
both in and between the sessions. The empathise and ideation activities in each session were tran-
scribed on sticky notes and the workshop worksheets provided and were photographed. Co-creators
selected keywords while working with the sticky notes and worksheets in the defining activities.
Coding these keywords in the ideation activities formed the basis for the characteristics and
principles of CA. In the theme development stage, rationales behind each principle were formed
by evaluating them in cognitive walkthroughs, using the participants’ expertise. The tweaks on
the CA definition, characteristics, principles, and categorisation by different groups of participants
in the developmental evaluation activities formed the conceptualisation stage. Finally, through all
its different visualisations (prototypes) the concept of CA developed into the model as presented
here.

The thematic analysis stages that happened during sessions continued between sessions, in prep-
aration for the next. Session outcomes were merged into the newest version of the prototype of the
concept. Members of the co-creator core group gathered online to discuss and evaluate the progress
of the CA concept so far. By this developmental evaluation activity, the purpose and needed activi-
ties of the next session could be agreed upon in a flexible, responsive way. This resulted on three
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occasions in a conference proceedings publication (Brink et al. 2020; Brink et al. 2021; Brink et al.
2023). On other occasions, a session description was sent out beforehand to invite attendees of
the meeting to participate. The last column in Table 1 shows the non-linear occurrence of the iter-
ations of the design thinking and thematic analysis activities as they were thus executed for each
focus group session.

Results

All along the process, including the writing of this publication, the co-creators challenged and nego-
tiated different parts of the CA concept, based on their knowledge and experiences, challenges they
were confronted with in practice, best practices they shared, and future developments they deemed
important.

From the first session onwards, CA became the short answer to what is needed for a university to
be able to do transformative curriculum innovation, continuously evaluating and adjusting EE to its
quickly developing context. The term agility was chosen for its meaning of ‘the ability to move
quickly and easily’. The term gave the co-creators associations with short reaction time in direction
changes, smooth and swift performance, and fitness. In a number of iterations, of which the most
important one was during Session 3 (see Table 1), agreement was reached on the definition:

Curriculum Agility is to be responsive to changes in society, industry and students’ characteristics and needs, by
proactively and in a timely manner adapting the curriculum'’s relevant organisational structures, learning out-
comes, learning activities, and assessments.

Four main characteristics describe the innovation space of CA: flexible pedagogy and didactics,
responsiveness of the organisation and management, dynamic contents of learning, and continuous
development of all (not just teaching) staff involved in the curriculum/programme, see Figure 1. The
arrows indicate that not one of these characteristics is ‘the first’ or most important. That completely
depends on the context of the university that works on its CA, its aims and possibilities for develop-
ment, and its perspectives on good education.

Figure 1. Curriculum Agility and its four characteristics.

Note: Visualisation of the four characteristics of Curriculum Agility: flexible pedagogics and didactics, dynamic content in courses, responsive organ-
isation and management, and continuous development of all staff. The characteristics are centred on a pinwheel, as any of the four can be most
important ‘on top’, depending on the context of the institution.
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The Principles of Curriculum Agility

Overarching

Educational Vision: With Agility

Stakeholder Involvement:
Co-creation Including Decision-Makers

Pedagogy and Didactics: Supporting
Pedagogic Innovation and Leadership

Education Organisation

Learning Objectives:

Management Approach:
Assessing on Holistic Learning Goals

Cultivating Change Culture

8. Legislation and Policy:

5. Programme and Course Design: ¢
Reframing the Rules

Dynamic Content and Flexible Education

9. Organisation and Governance:

Learning Spaces: Flexible Physical, Responsive Administration

Digital, and Social Solutions

10.  Decision Making : Accommodating
Implementation Politics

Figure 2. The Principles of Curriculum Agility, as co-formulated in 2018-2023 by engineering education experts and practitioners
in a series of eleven co-creational sessions.

Note: Visualisation of the Principles of Curriculum Agility with the educational principles to the left, organisational principles to the right, and over-
arching principles on the top. The characteristics of Curriculum Agility are centred on a pinwheel in the middle, as any of the four can be most
important ‘on top’, depending what the institution decides to work on.

Ten principles to enable transformative curriculum innovations were formulated around the
characteristics, clustered in organisational, educational, and overarching principles, see Figure 2.
In addition, an idea is given of which stakeholders can be included in the transformative curriculum
innovation processes. Universities are organised differently worldwide and can even have different
organisational models locally, so relevant stakeholders in the list can vary per context.

The ten principles of Curriculum Agility

1. Educational Vision: With Agility
Encouraging initiatives and innovations that promote education that is responsive to change,
dynamic in content, and flexible in didactics in order to be prepared for societal and technological
changes.

There is a shared vision in all layers of the institution to proactively recognise the needs and answer
the external (including governmental) expectations for transformational curriculum innovation. This
translates into encouraging and allowing more room for new initiatives and explorations in adjusting
education, regarding content, teaching and learning, and organisation. The vision helps education to
become more agile by improving the responsiveness of the system, the dynamics of the content, the
personalisation of student learning, and continuous staff development for all involved.

2. Stakeholder Involvement: Co-creation Including Decision-Makers
Involving both external and internal stakeholders in curriculum transformation and establishing
structures and procedures for identifying, prioritizing, and fulfilling stakeholders’ (changing)
needs continuously.
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This principle focuses on how and by whom curriculum innovation is done. Input from relevant
direct and indirect stakeholders is gathered and applied to maintain and develop the quality of
the curriculum and its organisation. Within the university, the involved stakeholders come from
different levels and actively participate in relevant co-creational phases throughout the curriculum
innovation process. Mutual understanding and inclusion of the different strategic stakes are thus
safeguarded by allowing for a timely exchange of perspectives, reciprocal learning, and negotiation.

Beyond co-creating with students and industry, many other stakeholders take part depending on
the context and disruptiveness of the innovation: academic staff such as professors, lecturers, tech-
nicians, assistants, heads of program, directors of education, other departments, partner universities,
(inter)national networks, research centres etc. Other relevant stakeholders within the university can
be direct management, higher management, university leadership, administrative staff in the facility,
scheduling, grade administration, IT services etc. Outside the university, alumni and prospective
students can be included, as well as local entrepreneurs, governmental and non-governmental
partner organisations, industry advisory boards, clients, users, patients etc.

3. Pedagogy and Didactics: Supporting Pedagogic Innovation and Leadership
Having structures for supporting new developmental needs of teachers, by promoting scholar-
ship of teaching and learning, facilitating pedagogic unit support, and collegial teaching
teams. Incorporating innovative pedagogies in traditional teaching cultures, facilitating continu-
ous support in its implementations.

Scholarship of teaching and learning (SoTL) stresses the importance for teachers to make informed
choices regarding suitable pedagogical and didactic approaches and methods for flexible and
dynamic education. Teaching staff is encouraged to contribute to sharpening established teaching
methods for a diverse and fast-changing student body. Collaboration and co-creation in teaching
teams is also encouraged as a way of competency development at the institutional level for
implementing educational innovations.

4. Learning Objectives: Assessing Holistic Learning Goals
Formulating holistic learning outcomes on programme level, with flexible, replaceable objectives
and indicators to support dynamic teaching content and flexibility in the programme’s curricu-
lum. Maintaining a holistic character of criteria in assessment within the programme and courses.

At the basis of flexible education and dynamic contents of teaching lie learning outcomes that
guarantee the quality of the degree without limiting necessary, swift alterations in what is offered
to students to learn. These holistic goals contain relevant, stable elements of the discipline, inte-
grated with transcending elements for interdisciplinary and twenty-first-century competency; they
are a unification of knowledge, skill, and attitudes.

5. Programme and Course Design: Dynamic Content and Flexible Education
Adjusting learning content to newest developments in the discipline. Creating pedagogic and
didactic flexibility: course choices, adjustable and customizable projects, opportunities for stu-
dents to build their own professional identity and study profile.

The curriculum and courses in existing and new programmes are designed and developed to
address disciplinary and social changes, as well as changes in students’ characteristics and learning
needs, in a timely manner. Dynamic disciplinary and professional learning content as well as flexible
pedagogy matter. Permitting individual flexibility and ownership of learning becomes ever more
important as the student body grows and changes under efforts on lifelong-learning, diversity,
equality, and inclusion.
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6. Learning Spaces: Flexible Physical, Digital, and Social Solutions
Utilizing blended and hybrid social, physical, and digital learning environments, allowing for flexi-
bility of teaching and learning, in format, place, and time.

Learning spaces respond to changing needs and demands in the learning environment, and the con-
textualisation of where the learning takes place, under the influence of digitalisation, lifelong learn-
ing structures, and unforeseen events (such as a pandemic). Attention is paid to the social learning
environment in all configurations, including its future value in the university as a physical institution.
Lifelong learning and the ever-growing diversity of students ask for standardised but flexible sol-
utions, with added value from a personalised approach.

7. Management Approach: Cultivating Change Culture
Ensuring and maintaining a culture rather than a “one-person engagement” for change and inno-
vation through entrepreneurial change management: being initiative-driven, and proactive
rather than reactive.

The management establishes and maintains an approach to change as a natural and continuous part
of curriculum design throughout the institution. It encourages and facilitates entrepreneurial think-
ing for curriculum development. It promotes a willingness to act on new and changing needs in
society and facilitating it in the organisation. The willingness to change should not depend on indi-
viduals as single drivers for change.

8. Legislation and Policy: Reframing the Rules
Finding the space for innovation within the interpretation space that legislation and policies
hold, within collaborations on reform and reformulation moments, and being prepared to
make concessions where needed in the details or framing of the changes, there were one is
in control.

Existing rules, regulations and laws steer or even dictate actions and decisions, as well as estimations
of what is feasible. Sometimes perceptions of these rules and regulations lead their own life,
unquestioned. There is often space for interpretation, not in the least in how laws and regulations
are operationalised and by whom. An attitude of critical thinking, by questioning the status quo
and patterns, making time for dialogue and argumentation, and investigating
reframing opportunities and possibilities, is needed to make innovation possible in a highly regu-
lated organisation such as a university.

9. Organisation and Governance: Responsive Administration
Empowering an organizational structure where people effectively address and guide the admin-
istrative system and its internal and external regulations, in order to guarantee implementation
and support maintenance of the curriculum changes while safeguarding the quality.

The organisation of the institution needs to be such that its educational programmes and curricula
can be responsive to (rapid) changes in their domains. This means that the systems and process flows
must give room and resources for customisation, interdepartmental collaborations, informed adjust-
ments of university rules, and (financial) interdepartmental agreements. It also entails systematic
facilitation of, and support for, implementation, e.g. by professionalisation, guidance, and reward.

10. Decision Making: Accommodating Implementation
Having transparent, efficient curriculum and course approval and adjustment processes: time-
frames, steps required, number of persons involved, communication channels.
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Decision-making procedures for curriculum development are effective, efficient, quality insuring pro-
cesses. Procedures regarding the roles involved (including chain of command), and how, when and
by whom the processes and decisions are executed and communicated for impact in the organisa-
tion are lean and transparent. Political structures are transparent and accommodate improvement.
The principle covers starting new programmes or courses, making changes in existing programmes
and courses, as well as decommissioning programmes and courses.

Discussion
Strengths and limitations

This focus group study for educational design research for intervention used design-thinking, co-
creational, and reflective praxis approaches and thus resulted in original work aimed to have prac-
tical value, as is often seen in these kinds of processes (Godin and Zahedi 2014). The design thinking
activities in the focus groups comprised both synthesis and analysis. The co-creators during and in
between the session were a varying international mix of experts and practitioners in curriculum inno-
vation and brought theoretical insights along as well (McKenney and Reeves 2018). The results of
their work, the concept of CA with its ten principles, underwent ten prototyping rounds over the
five years of the study, concentrically coming closer to the answer on how transformative curriculum
innovation can be facilitated by CA.

The principles for CA and their narratives became consistent over time by the thematic analysis
iterations that were integrated in the design-thinking approach of the study. As lead researcher, the
first author was consistently involved to guarantee consistency and the necessary flexibility through-
out the process. But to prevent single-perspective personal bias in the thematic analysis, different
members of the core group were included in the systematic preparation, facilitation, data analysis,
prototyping, and validations between different sessions, by using the co-creative developmental
evaluation approach. All co-creators, from workshop technicians to heads of schools, were involved
in coding as well as conceptualising activities. The changing configuration and cultural variety of the
participants increased the intersubjectivity of the validation and decreased the dominance effect
(Nyumba et al. 2018). The study included both the global north and global south perspectives.
Table 1 shows that participants came from Europe, Asia, the Middle East, upper Africa, Australia,
and North America, but none from South America.

This inclusive approach to the method resulted in a safeguarding of the holistic character of the prin-
ciples as well as their pluralist character. The study was performed in line with the critical realist perspec-
tive (O'Donnell 2016) including multiple levels of reality, norms and values on the empirical and actual
levels, by working in a co-creational, dynamic way with different experts and practitioners from
different positions and cultural backgrounds within the context of EE. By the hybrid approach to the-
matic analysis (Lainson, Braun, and Clarke 2020), the practioner’s’ knowledge in the research context of
engineering education was included in a collaborative, intersubjective way. As a result, the CA concept
does not advocate for one type of flexible pedagogy, or the newest trend in learning space technology
and design. Instead, it spotlights the areas in which HEEIs can find helpful innovations, without telling
what is right or wrong from a certain cultural, single-angle, or time-specific perspective.

As the co-creators brought not only their experience, but also their theoretical knowledge in
engineering education with them, the principles that were generated are partly embedded in
existing literature, partly built on ideas in literature that have not yet come to be, and partly
based on practical experiences. Principle 1 on a shared vision can be related to the studied success-
ful innovation cases mentioned in the introduction, which all had that in common. Principle 2
matches the dynamic, multi-actor perspective in curriculum innovation which increases the
chance of continuation of innovation as described in (Coppoolse 2018; Lindsay et al. 2023). It
also guarantees transdisciplinary perspectives and pluralist inclusion in the collaborative partner-
ships of stakeholders in the curriculum innovation process (Baumber et al. 2020). The CA concept
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inherently facilitates joint reflection by including the culture of change as principle 7 for sustaining
transformation (Fullan and Ballew 2004). The CA concept suggest with principle 10 to include
decision-makers as co-creators in the curriculum innovation process. This is in line with the rec-
ommendations of Leonard, Fitzgerald, and Riordan (2016), who developed the developmental
evaluation method used in this study to include Course Advisory Groups in co-prototyping and
co-evaluating activities. This way, curriculum innovations would not get lost in translation. For
the same reasons, considering more complex programme curriculum innovation, CA principles
9 suggest an even wider organisational involvement in the co-creation of curriculum innovation,
including management and administration.

The CA principles in the educational cluster match turn-of-the-century literature on curriculum
innovation. Walkington (2002) indicated how curriculum change is non-linear and uncertain,
requires both top-down and bottom-up strategies, and needs wide community connection for sus-
tained effects. These are important elements underlying the CA concept. Knight (2001) emphasised
the importance of coherent programme curricula, with clear links and progression between courses,
and this can be seen back in principles 4, 5 and 6 with holistic programme learning goals, social
learning spaces, and dynamic learning content and formats directed at integration and transform-
ation. These principles are directed to the approaches that Kolmos, Hadgraft, and Egelund Holgaard
(2016) see are needed but still underrepresented in curriculum innovation. Throughout the study, it
became clear that part of the complexity of transformative curriculum innovation lies in a lack of cur-
riculum agility in the structures and institutional organisation.

In between Sessions 4 and 7 (Table 1), the Covid-19 pandemic affected data collection. Confer-
ences and meetings were held online and later in hybrid formats, which demanded different inter-
active session formats. At the same time, as HEEIs saw themselves forced to change their teaching
practices overnight, CA and especially principle 8 of reframing the rules became even more relevant
to all involved in the study. In that sense, the pandemic served as a stress test for the CA concept,
resulting in added and sharpened principles.

Suggestions for further research

The CA concept contributes to successful transformative curriculum innovation specifically by invol-
ving stakeholders beyond a project group actively in the process as co-creators. They collaborate and
negotiate towards mutual understanding and shared vision, bringing their own values and agendas
to the table. Further research into these personal educational values is an important next step. Like-
wise, the influence of provoked agency roles in these educational change processes can be included.
Annala et al. (2023) describe different themes in the agency of academic staff working on curriculum
innovations, and the roles that intentions and power relations play in that. This can be considered for
all involved stakeholders in a co-creation approach. A third direction is to map the complexity that
underlies co-creational transformative innovation for increased insights into the challenges of its
non-linear process by participatory case studies over a longer span of time.

Practical implications

A case study has been conducted in which CA was assessed at a Swedish university (Brink et al. 2022)
and four Dutch, Swedish and Finnish universities (Brink et al. 2024). In those studies, it was shown
that all principles were deemed important by lecturers, programme managers, and faculty or
school managers alike. Co-evaluation of CA throughout the layers of the university helped pinpoint
bottlenecks and increased understanding. Depending on their context and transformation goals,
certain principles were prioritised. But the dialogue that started was appreciated most. Therefore,
the next step in the development of the CA concept is to proceed with developing a self-
mapping process for all HEEIs and making it readily available for all to use.
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Many of the co-creators were CDIO members, and a connection can be made between the Principles
of CA and the worldwide CDIO Standards of good EE (Crawley et al. 2014). Therefore, a closer connec-
tion will be sought to the CDIO framework for dissemination of the CA concept (Brink et al. 2023).

However, the concept of CA does not need to be limited to EE. The generalisability of the results
to other professional disciplines with equally swiftly changing disciplines is worth exploring, as well
as other disciplines less impacted by rapid developments, but still affected by changing student
populations, new (educational) technologies, and disruptive societal events such as a pandemic
or war.

Conclusions

To have Curriculum Agility (CA) as a Higher Engineering Education Institution (HEEI) is to be respon-
sive to changes in society, industry and students’ characteristics and needs, by proactively and in a
timely manner adapting their engineering programmes’ relevant organisational structures, learning
outcomes, learning activities, and assessments.

The characteristics of CA stretch from flexible pedagogics and didactics and dynamic contents of
learning to a responsive organisation and continuous scaffolding of all staff's development, in line
with what the new curriculum demands of them. Which characteristics are in focus in curriculum
innovation depends on the goals, current curricula, staff characteristics, and resources that together
form the specific context of a HEEI. The same is true for the disruptive extent of the transformative
curriculum innovation.

Ten principles of CA were formulated in this study. Their numbering is meant for identifying pur-
poses only and does not indicate a specific order or gradient of importance. Their full descriptions
can be read in the results section. In summary, to achieve transformative curriculum change, a hol-
istic approach is needed, involving relevant stakeholders on different hierarchical levels within and
outside the HEEI in engaging, informative, and constructive steps along the process (Principle 2, Sta-
keholder Involvement: Co-creation Including Decision-Makers). A shared vision of agility within the
HEEI should underlie curricular change, stimulating initiatives and reserving resources for such pro-
active quality enhancement of its education (Principle 1, Educational Vision: with Agility). A prevalent
change culture will support such initiatives, ensuring sustainable thoroughfare of ideas, as the will-
ingness to change should not depend on single drivers (Principles 7, Management Approach: Culti-
vating Change Culture). Obstacles in policies and rules need reframing and co-evaluation to become
opportunities for quality improvement on a bigger scale within the HEEI (Principle 8, Legislation and
Policies: Reframing the Rules). Sometimes only the perception of the rules needs readjusting. Admin-
istration needs to be willing to respond and take a lead in the necessary transformative changes
(Principle 9, Organisation and Governance: Responsive Administration). Decision-making processes
for new programmes, adjustments, and decommissioning need to be lean and transparent (Principle
10, Decision Making: Accommodating Implementation).

Apart from these organisational principles, there are also educational principles of CA. Holistic
learning outcomes on the programme-level safeguard the agility needed to deal with teaching
content that is dynamically changing over time (Principle 4, Learning Objectives: Assessing on Hol-
istic Learning Goals). With an increasingly varied student body, flexibility in education becomes
important, with room for choice, profiling, and transdisciplinary specialisations (Principle 5, Pro-
gramme and Course Design: Dynamic Content and Flexible Education). With both dynamic
content and flexible education, more flexibility is also asked of the learning spaces that universities
offer (Principle 6, Learning Spaces: Flexible Physical, Digital, and Social Solutions). And to be able to
work with and in such shifting and uncertain conditions, all involved staff members need to continu-
ously develop and learn (Principle 3, Pedagogy and Didactics: Supporting Pedagogic Innovation and
Leadership).

That all staff is on par with, and stimulated to show leadership in, pedagogic innovation is both an
important demand as well as a result of CA. With CA included in the vision, continuous and reciprocal
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learning can occur in the multi-stakeholder co-creation, and lifelong learning processes thus become
inherent to the way of working. This way, transformational curriculum innovation becomes feasible,
which is something we need in EE in this fast-changing, VUCA world.
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