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Abstract

This study explores the integration of Design Thinking into the Key Stage 3 Design and
Technology (D&T) curriculum at a school in North-West England, focusing on fostering 215t-
Century Skills alongside subject-specific knowledge. The research draws on a multiple case
study approach derived from the 'Solving Genuine Problems for Authentic Users Project', which
involves students aged 12-13. The paper critically examines the current educational emphasis
on knowledge in England and the potential erosion of D&T's identity and scope within this
framework. Through practical D&T activities rooted in Design Thinking principles, the study
investigates how real-world problem-solving and innovation can be effectively embedded into
early education to support students in tackling complex future challenges. The implementation
of a Design Thinking Integrated Learning (DTIL) model is discussed, highlighting its capacity to
engage students in empathetic, creative, and analytical processes that contrast with pervading
approaches in D&T. The findings suggest that a balanced approach, integrating both knowledge
and skills, is crucial for nurturing adaptable, competent learners capable of addressing the
demands of the 21%-Century.
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The Evolution of 21st-Century Challenges

This paper extends the findings from a pilot study of the ‘Solving Genuine Problems for
Authentic Users Project’ involving 12—13-year-old students at a school in the North-West of
England (Jones, 2023). The pilot study was presented at PATT40, which prompted reflections on
the study’s theoretical framework, methodology and methods. This paper presents a multiple
case study of four subsequent projects undertaken by students at the same school.

In the contemporary context of rapid global change, the demand for the development of 215t
Century Skills has become increasingly crucial, including in education (Koh et al., 2015).

Technology extends and enhances human capabilities, ranging from simple tools such as a hand
axe to advanced instruments such as a hadron collider. All technology amplifies human
potential by either simplifying and accelerating processes or providing capabilities beyond
natural human limits. In recent years, technological development has increased exponentially
to the extent that it has outpaced human capabilities (Liu et al., 2024), highlighting a profound
evolution in the tools at our disposal. This rapid technological progress, alongside the forces of
globalisation, has fundamentally reshaped the nature of the workforce (Levy, 2010; Taylor et
al., 2020), requiring individuals to possess a diverse skillset that goes beyond traditional
academic knowledge. ‘Wicked’ problems (Buchanan, 1992; Rittel & Webber, 1973) such as
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climate change, overpopulation, and rapid technological advancements have emerged, which
are complex and ‘messy’ (Rittel & Webber, 1973), each demanding a diverse range of skills to
manage successfully. Addressing the complexities of 21t-Century life and work demands that
individuals are equipped with a set of specific skills, commonly known as soft or human skills.
These skills are essential for successfully addressing the multifaceted challenges posed by rapid
advancements in technology and societal changes (Polakova et al., 2023) that are affecting the
world of work (McDiarmid & Zhao, 2023). The responsibility of ensuring individuals acquire
these crucial skills falls on the education system (Koh et al., 2015; Liu et al., 2024), however it is
argued that the educational models of the Industrial Age that pervade the current system are
no longer adequate to equip students for such a future (MacDonald & Hursh, 2006; McDiarmid
& Zhao, 2023; Petrillo et al., 2018).

While the skills that are often referred to as 21%'-Century Skills are not new (Silva, 2008), they
hold particular relevance today, given modern society’s complexity, particularly the increasing
role of technology in outsourcing work that humans do, such as machine learning and artificial
intelligence (Al). Vital capabilities such as critical thinking and problem-solving have always
been important and their need in education was first recognised by classical theorists such as
John Dewey (Scardamalia & Bereiter, 2014); however in contemporary times, due to the
emerging demands of knowledge-based economies, those capabilities are arguably more
crucial now than they were before (Bereiter & Scardamalia, 2018; Rotherham & Willingham,
2009; Silva, 2008). UNESCO has explicitly emphasised that developing these skills should not be
limited to higher-level students, and instead, it is deemed crucial to support all students in
cultivating meta-cognitive competencies and skills from the very beginning of formal education
(Scott, 2015). While there is a broad consensus on the need for 21t-Century Skills, there is
debate on what constitutes these skills and there is a lack of universal definition (Joynes et al.,
2019), which is evident in the many frameworks that have emerged globally to support
educators in fostering the many skills deemed imperative in the 21%-Century.

Knowledge, Skills, and the Place of D&T

The framing of 21%t-Century Skills as a construct in education could be described as a “crowded
space” (Foster & Piacentini, 2023, p.9), with the use of differing terminology such as 21%t-
Century Skills, interdisciplinary skills, and soft skills, for example, creating ambiguity (Kelley et
al., 2019; Miliou et al., 2023) . The term ‘competencies’ is often used interchangeably with
‘skills’, but it is also often considered in a broader sense as a set of skills, knowledge, and
attitudes that, together, meet a complex demand (Ananiadou & Claro, 2009). There is no single
prescribed approach to educating young people for the 215t Century (Scott, 2015), necessitating
the development of many frameworks. A meta-analysis completed by Voogt and Robin (2012)
identified a range of frameworks that were developed to define and guide the integration of
21%t-Century Skills within education. A number of these frameworks have undergone several
revisions since the authors’ meta-analysis, and many have since ceased to develop any further.
One such framework is the Assessment and Teaching of 215t-Century Skills (ATC21S), which
focuses on ways to assess and teach skills such as critical thinking, problem-solving,
collaboration, and digital literacy. It seeks to develop methods for educators to incorporate
these skills into their teaching practices (Griffin & Care, 2015). Another framework is the
OECD’s Future of Education and Skills 2030. The OECD framework focuses on student well-
being and agency, incorporating a range of cognitive, social-emotional, and physical skills. It
also focuses on adaptability, problem-solving, and the ability to engage with others in a globally
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interconnected world (OECD, 2019b). Of all the major frameworks available, the OECD
framework has seen notable growth since its inception, with much ongoing research and
development, however the P21 framework is more commonly referenced in the literature,
especially in studies conducted in the USA.

The Partnership for 21st Century Skills (P21) framework outlines a blend of core subjects, life,
and career skills, learning and innovation skills, and information, media, and technology skills. It
also emphasises the importance of real-world context in learning (Battelle for Kids, 2019; P21,
2007). Within the P21 framework, the ‘4Cs’ of creativity, critical thinking, communication, and
collaboration are featured. The World Economic Forum (2015) produced a similar overarching
model of 21%*-Century Skills, featuring the 4Cs at the centre, suggesting the importance of these
specific skills. The 4Cs have gained considerable attention within education and business (Kelley
et al., 2019) and there has since been significant discourse on this aspect of the framework. The
4Cs provide a core concept that is both persuasive and easily targeted, which has been
considered a pedagogically and policy-friendly model by large organisations and is also gaining
some additional empirical validity (Thornhill-Miller et al., 2023). It is argued that the 4Cs can be
seen as the highest-level transversal skills or ‘meta-competencies’ that allow individuals to
maintain proficiency and continue developing their potential in a rapidly changing professional
world (ibid.), making the 4Cs a suitable focus for this study.

The issue of skills and knowledge, whether one is more important, and indeed whether one is
possible without the other has been debated across education for many years (Christodoulou,
2023). With the current emphasis on knowledge, there is a preference for direct instruction
(Stockard et al., 2018). It is argued that direct instruction is best for knowledge transmission,
modelling and demonstrating, however, is never sufficient on its own to ensure a deeper
understanding of problem-solving, creativity or group work capacities (Desforges, 1995),
therefore arguing the case for the enabling of skill development, especially those related to
critical thinking. The discourse around skills and knowledge is vast and a lack of clear definitions
for ‘skill’, ‘lknowledge’ and ‘competence’ adds complexity, yet there is support for the argument
that skill can be seen as the ability to retrieve knowledge and apply it to a task in a proficient
manner (Lamri & Lubart, 2023). Skill can be conceptualised as “specific know-how that is
pertinent to a given situation, resulting in the combination of knowledge” (Lamri & Lubart,
2023, p. 2) and other factors, emphasising that one cannot exist without the other. Skills versus
knowledge could also be viewed as a false dichotomy, where knowledge forms the foundation
for skill development (Christodoulou, 2023).

In the context of England's educational landscape, there is a notable shift towards a
'knowledge-rich' curriculum, as evidenced by the prominence of the English Baccalaureate
(EBacc) in educational policy discourse (McLain et al., 2019). This movement appears to
endorse a more traditional, knowledge-centric approach, potentially at the expense of creative
and practical aspects of learning (McGarr & Lynch, 2017). The latest GCSE and A Level D&T
Programmes of Study (DfE, 2015a, 2015b) reflect this shift, with a narrowed focus on exam-
oriented content and less emphasis on creative coursework (Demetriou & Nicholl, 2022). This
trend raises concerns about the erosion of D&T's identity (Spendlove, 2023a, 2023b) and its
ability to foster a balanced set of skills within the curriculum.

221



Design and Technology Education: An International Journal

Critics such as Demetriou and Nicholl (2022) argue that this reduced emphasis on imaginative
and creative aspects in the curriculum could lead to a corresponding decline in these qualities
amongst students. The current trend towards a 'knowledge curriculum', with its focus on
academic achievement, presents a challenge to the development of broader human skills that
are traditionally nurtured by constructivist and pragmatist educational approaches (Biesta,
2014; Hickman et al., 2009). This shift emphasises the need for a balanced educational model
that values both academic knowledge and the development of practical, creative, and human-
centred skills (Noweski et al., 2012; Razzouk & Shute, 2012; Scheer et al., 2012) — a balance that
D&T is uniquely positioned to provide (Demetriou & Nicholl, 2022).

The D&T curriculum in England is ideally positioned to develop 21%t-Century Skills, particularly in
tackling contemporary societal challenges (Morrison-Love, 2022), by engaging students in
contextual design and real-world problem-solving. While the subject possesses the potential to
enable this sort of transformation, there is growing concern about the excessive focus on
practical work in D&T at the expense of its educational and creative potential (de Vries, 2005;
Nicholl et al., 2013; Nicholl & Spendlove, 2016). This focus contradicts the rigorous and
innovative nature of D&T as envisioned in the English National Curriculum (DfE, 2013) and its
GCSE and A Level Programmes of Study (DfE, 2015b, 2015a).

While increased subject matter has created challenges for teaching in all subjects in later key
stages (Brown & Woods, 2022), it has been established that curriculum design at Key Stage 3 in
D&T is a significant issue across England (Design and Technology Association, 2023), which
contributes to the threat of continued decline of the subject. Practices have typically become
focused on “routine practical tasks masquerading as design and make” (McLain, 2020, p. 79),
with a distinct absence of creativity and authentic problem-solving (de Vries, 2005; Demetriou
& Nicholl, 2022; Design and Technology Association, 2023; Nicholl et al., 2013; Nicholl &
Spendlove, 2016; Rutland & Barlex, 2007), however, it should be noted that this does not apply
universally across all schools and classrooms (Design and Technology Association, 2023). This
tendency towards a restricted focus impacts the subject in many ways, such as its reputation
for being a less rigorous subject (Blom, 2022), its uptake for further study at Key Stage 4
(Spendlove, 2023b) (see Figure 1), and the amount of time and resources allocated to the
subject; all contributors to the further decline of the subject (Banks & Williams, 2023;
Spendlove, 2023b).

2009 2012 2015 2016 2017 2018 2019 2020

Figure 1 - Percentage of students at the end of key stage 4 entered for at least one Design and
Technology GCSE (Tuckett, 2022)
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Design Thinking

It is well-established that the design process is non-linear and is in fact a cyclical process (von
Mengersen, 2023), however it is argued that teachers often pose learning as predominantly
making (McLellan & Nicholl, 2013; Mulberg, 1992; Nicholl & Spendlove, 2016), or treat
problem-solving as a series of steps, which does not necessarily affect the students’ thinking
(McCormick, 2004), therefore they remain in the procedural knowledge space, impeding the
development of authentic problem-solving skills (Nicholl et al., 2013; Nicholl & Spendlove,
2016; Demetriou & Nicholl, 2022). As a result of a lack of time and students’ understanding of
contexts, the design process can be impeded, leading to poorer outcomes (Demetriou &
Nicholl, 2022), highlighting the impact of authentic D&T activities. This provides an opportunity
to investigate ways in which students engage in design-based research activities which centre
around problem-solving.

Design thinking is a concept that gained significant traction over the past decade yet was first
introduced as a concept as early as 1987 (Kimbell, 2011), although the term is used to describe
two groups of activities, which adds confusion. Design thinking (verb) is thinking as a designer
or engaging in professional design activities known as designerly thinking, which was
popularised by the work of Nigel Cross (2011). Design Thinking (noun) represents a non-linear,
iterative process that teams use to understand users, challenge assumptions, redefine
problems and create innovative solutions to prototype and test (Interaction Design Foundation,
2023). Design thinking as a methodology has seen the most growth in recent years within the
business and management space (Cross, 2023; Razzouk & Shute, 2012), but has also seen
significant growth within the design field (Dorst, 2011), and in education (Koh et al., 2015; T. Li
& Zhan, 2022; Lor, 2017; Pande & Bharathi, 2020; Park et al., 2023). To ensure clarity, design
thinking as a problem-based learning model (Park et al., 2023) was referred to as Design
Thinking Integrated Learning (DTIL) by T. Li & Zhan (2022), a term which has also been adopted
in this study to avoid confusion with D&T.

The design thinking cycle is particularly suited to dealing with ill-defined and wicked problems
as described by Buchanan (1992, as cited in Cross, 2023). The exposure to these sorts of
complex, real-world problems is of interest in education because it helps to prepare students to
deal with uncertainty and ambiguity (Koh et al., 2015). DTIL is gaining recognition in education
(Henriksen et al., 2020), due to its focus on complex problem solving. It is posited that DTIL
supports the creation of new knowledge and ideas, but it also contributes to the development
of skills in making and doing, as well as dealing with ambiguity, in addition to working and
empathising with others (Carroll et al., 2010; Goldman & Zielezinski, 2022; Koh et al., 2015), all
valuable skills and competencies required for success in today’s world. The facilitation of DTIL
contributes to the holistic development of children and is particularly relevant to education in
schools, therefore this methodology, especially in its relation to 215t-Century Skill development,
is of interest. The implementation of DTIL in K-12 education has indicated an upward trend, as
evidenced by recent systematic literature reviews (Li & Zhan, 2022; Rusmann & Ejsing-Duun,
2022), with a notable surge in publications post-2017. However, the application of DTIL as a
design-based methodology within educational curricula can be complex, given global variations
in design education, the emphasis on STEM, and an emphasis on interdisciplinary learning.
Despite these challenges, DTIL is increasingly viewed as a crucial means to develop 21%-Century
competencies.
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Current research on the implementation of DTIL in schools is still developing, along with the
necessary tools and strategies for its effective integration (Gardner, 2008; Koh et al., 2015;
Oztiirk & Korkut, 2023; Rusmann & Ejsing-Duun, 2022; Yeung & Ng, 2023). Therefore, this study
seeks to contribute to this emerging area of research, particularly within the primary and
secondary education contexts where there is a gap in the literature (Li & Zhan, 2022), and aims
to demonstrate how DTIL can be effectively utilised to enhance the learning experience and
skill development of these younger students.

There are more than twelve design thinking models available (Liu et al., 2024), which educators
use to facilitate students' engagement with the design thinking process and to enhance their
understanding of its core principles (T. Li & Zhan, 2022). Typical models, such as the IDEO
process model (Discovery, Interpretation, Ideation, Experimentation, and Evolution) (IDEO,
2012), the Stanford d.school’s five iterative stages (Empathize, Define, Ideate, Prototype, Test)
(Hasso Plattner Institute of Design at Stanford University, 2018) and the Double Diamond
model (Discover, Define, Develop and Deliver) (Design Council, 2005), have been adopted in
primary and secondary education (Li & Zhan, 2022). The five stage process developed by the
Stanford d.school was utilised in this study, due to its prevalence in the literature concerning
design thinking integration within education.

Design thinking fundamentally employs a unique form of reasoning known as 'abductive'
reasoning, distinct from traditional deductive and inductive logic (Kolko, 2010). Deductive
reasoning operates from a general-to-specific framework, determining what necessarily must
be true, while inductive reasoning moves from specific observations to broader generalisations,
focusing on what actually is (Rao et al., 2022). Abductive reasoning, in contrast, concerns
exploring possibilities as opposed to asserting truth, which forms the centre of DTIL, and within
the realm of design more generally (Lawson, 1997). Reasoning within DTIL does not aim to
declare a conclusion as definitively true or false but instead seeks to uncover a range of
potential outcomes or scenarios. This mode of thinking is essential in DTIL (Rao et al., 2022) as
it allows for the consideration of various possibilities and innovative solutions that may not be
immediately apparent through conventional logical approaches, thus making DTIL a valuable
pedagogical model, particularly for equipping students with skills that would enable them to
cope with 21%t-Century demands (Retna, 2016), and potentially serving as a “model of thinking”
for the contemporary student (Y. Li et al., 2019, p. 94).

D&T education offers a unique combination of disciplinary knowledge and practical application,
fostering an environment where students can engage in hands-on learning and creative
problem-solving (von Mengersen, 2023). This approach enhances their understanding of design
principles and providing them with the necessary skills to drive innovation and adaptability
(Blom, 2022). D&T embraces an interdisciplinary approach, integrating aspects of
predominately design, and technology, but also science, arts, and humanities (McLain et al.,
2019). This broadens students' perspectives, allowing them to apply their skills in various
contexts and encouraging them to challenge conventional paradigms (McLain, 2023). In
essence, D&T education is focused on cultivating an innovative approach, creativity, and
adaptability, through the signature pedagogies of designing, making, and critiquing (McLain,
2020, 2022, 2023). These are the diverse set of skills that will enable students to thrive in the
21%t-Century (Razzouk & Shute, 2012), thus establishing design education as a crucial element of
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early general education to produce rounded and successful members of society (Barlex & Steeg,
2017; Beaumont & Steeg, 2024).

Methodology

Participants

While n=160 students were exposed to this curriculum intervention, a sample of four
participant groups were randomly chosen for this study and ethical approval granted by
Liverpool John Moores University. A total of n=16 participants worked in teams of four with
each group belonging to a different class. All participants are aged 12-13 years (Year 8). Year 8
was selected as the curriculum year group for this intervention because students are mid-way
through their Key Stage 3 D&T study. Year 7 students at the focus school arrive from over fifty
different primary schools, therefore students begin secondary education with varying
experiences of D&T at primary level, and with this, varying levels of expertise and knowledge.
By the end of Year 7, there is some parity in the knowledge and skills of the students due to the
curriculum they experience, therefore Year 8 presents as a more appropriate stage to conduct
such an intervention. A constructivist intervention such as DTIL requires a foundation
knowledge on which to build upon, and as Ausubel (1968) posits, the most important factor
that influences learning is what the learner already knows; new knowledge is therefore
interpreted and then connected to existing knowledge (Dennick, 2016). Without this
foundation knowledge, students would be unable to deepen their understanding of established
concepts, thus reducing the quality of learning outcomes during the intervention. This
foundation is afforded in Year 7 D&T, providing the conditions required in Year 8 to successfully
build on this, while offering more freedom in the process.

Intervention Structure

The intervention spanned twelve 55-minute weekly lessons, including homework tasks
between sessions. Although delivered to ten classes through forty different contexts, the
structure remained consistent.

Observe and Empathise Phases (Sessions 1-2)

Session 1: Students watched a video on design thinking (Belfast Met, 2022), learned about
effective interviewing, empathising, and communication techniques, and viewed a video of a
chef's experience to build empathy. They created problem statements starting with "how might
we..." (Lewrick et al., 2020).

Session 2: Students visited end-users, documented observations, and developed problem
statements as design briefs. They reflected on their feelings, observations, and problem-solving
strategies in their journals.
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Observe Phase

@ What does the user see?

What might the user think?

,)) E ; What does the user hear?

Figure 2 - Observe Phase Activity

(o)

What does the user do? (break it
down as much as you can)

e

What might the user think goes well?

What might anger or frustrate the user?

e ©

Ideation Phase (Session 3)

Students converted circles into objects based on an activity by T. Kelley & Kelley (2013),
discussed creativity, and generated 40 ideas in 15 minutes using coloured post-it notes. Ideas
were reviewed using an adapted dot-voting activity (Goldman & Zielezinski, 2022). Reflective
journals focused on the ease of idea generation and user feedback.

Figure 3 — Example of a range of ideas generated during this session.
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Prototyping Phase (Sessions 4-10)

Session 4: Students shared ideas with end-users, developed concepts using card modelling and
3D CAD (Shapr3D), and gathered feedback.

Figure 5 - Example of a 3D CAD model produced during this session.

Session 5: Technical considerations were addressed, including materials, components, and
manufacturing processes.

Sessions 6-10: Students focused on product manufacturing, reflecting on tools used, accuracy,
teamwork, and learning needs.

Consolidation Task (Session 10)

Students considered how their D&T knowledge had developed by using the ‘Big Ideas for D&T’
as a framework (Barlex & Steeg, 2017; Beaumont & Steeg, 2024) as part of presentation
planning.
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Testing Phase (Session 11-12)

Students presented products to end-users, conducted tests, and began planning their final
presentations. Reflective journals assessed product success, construction quality, and team
effectiveness. Students presented their design process orally to their class.

Methods

There is an increasing necessity to assess 21%-Century Skills (Voogt & Roblin, 2012) using a
variety of tools instead of traditional tests (Geisinger, 2016; Miliou et al., 2023), with a
movement towards adopting assessment strategies centred around self-assessment and
reflection (Care & Kim, 2018; Miliou et al., 2023) as a more comprehensive way of assessing
21%t-Century Skills. There are calls for a wider variety of assessment instruments (Greenstein,
2012; P21, 2007), for example, performance-based assessments, rubrics, portfolios, and peer
and self-assessment, to provide a more comprehensive perspective on 215t-Century Skill
development (Foster & Piacentini, 2023).

Performance-Based Assessments (PBA) involve tasks that require students to apply their skills
in real-world or simulated scenarios, making them suitable for evaluating 21%-Century Skills
(Stanley, 2021). PBA appraises students on items such as portfolios, projects, and writing
samples, and provides teachers with the opportunity to give more nuanced feedback compared
to traditional testing (ibid.). Rubrics are often used to assess performance; clear criteria for 215
Century Skills can offer detailed descriptors for different skill levels, focusing on both the
process and product of learning activities (Barnes et al., 2022), with well-written rubrics
clarifying for students the expectations of the assessment and acting as a framework for
students to use, and also increasing student motivation (Zhao et al., 2021). Rubrics can enhance
consistency in assessment between teachers (Stanley, 2021), however, while rubrics are
effectively used for assessing knowledge, they can be more difficult to use in the measurement
of growth in relation to 21%t-Century Skills (Kelley et al., 2019), although remain a useful way of
assessing skills when students engage with DTIL specifically (Goldman & Zielezinski, 2022;
Taheri et al., 2016).

Digital portfolios are another popular assessment method for 215t-Century Skills. They allow
students to showcase their work and reflections over time, offering insights into their skill
development (Shively et al., 2018). Portfolios can include various works, providing a
comprehensive view of students' application of 21°t-Century Skills (Greenstein, 2012). This
intervention requires students to keep an online portfolio for reflections, which is also used to
support their summary presentation at the end of the project.

Peer and self-assessments capture interpersonal and intrapersonal skills like collaboration,
communication, and self-regulation, promoting reflective learning (Andrade & Valtcheva,
2009). An example of a self-reporting tool to assess the 4Cs in high school students is the ‘21st
Century Instrument’ (Kelley et al., 2019), which provides a framework for students to evaluate
their own proficiency in these areas, reflecting on their perceptions of their skills in critical
thinking, creativity, collaboration, and communication. A student survey is a useful instrument
for educational researchers and educators seeking to monitor and promote the students’
abilities in 21%'-Century Skills, however there are very few self-reporting instruments for
measuring 21t-Century Skills holistically (ibid.), as most typically focus on a particular aspect,
such as creativity (Demetriou & Nicholl, 2022; OECD, 2019a).
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There is advocacy by the OECD for designing long-term units of learning whereby students are
allowed to be creative (Foster & Piacentini, 2023). The design of products is an example given,
which provides “low floors, high ceilings” (ibid., p. 29), allowing the weakest and strongest of
students to succeed and develop their 21%-Century Skills. A longer unit of work provides more
opportunities to assess skills using a variety of methods, which is especially useful when
situated in a domain specific context where disciplinary knowledge may be assessed more
traditionally, alongside the other assessment instruments.

To assess the development of 215-Century Skills alongside subject-specific knowledge, a mixed
methods approach was adopted. The selected methods included the 21st Century Instrument’
developed by T. R. Kelley et al. (2019), administered both before and after the intervention, as
well as student work, reflections, and presentation audio recordings. Mean point scores were
used to analyse the intervention's impact on participants’ self-reflections. Additionally, a rubric
inspired by the Big Ideas for D&T (Barlex & Steeg, 2017; Beaumont & Steeg, 2024), shown in
Table 1, was developed as a framework for mapping areas of knowledge and assessing mastery.
It should be noted that this rubric's scope covers the entirety of Key Stage 3 (and beyond), and
this curriculum intervention alone would not adequately cover all criteria in depth.

There is clear overlap in some of the D&T knowledge-based criteria and 21%t-Century Skills, such
as ‘critical thinking and innovation’ and ‘reflection and adaptability,” which are considered D&T
knowledge rather than skills in this context. A second rubric, the ‘21st Century Learning Design
Student Work Rubric’ developed by SRI International (2012) in collaboration with Microsoft,
was adapted to assess the extent to which participant teams developed their 215-Century Skills
across four of its six areas: collaboration, knowledge construction (critical thinking), real-world
problem-solving and innovation (creativity), and skilled communication. These rubrics were
shared with students before the intervention to support and frame their learning.

Table 1 — Rubric used to assess learning during intervention.

Conceptual Understanding and Application

Basic grasp of material properties, maths, and science integration, and an
introductory understanding of historical impacts and market opportunities.
Solid application of concepts to design projects with an understanding of
historical contexts and ability to identify market opportunities.

Demonstrates advanced integration of interdisciplinary knowledge, utilising a
Excellent deep understanding of materials, scientific principles, historical insights, and
market trends to develop innovative designs.

Critical Thinking and Innovation

Begins to apply creative thinking and problem-solving in design projects,
Developing | exploring multiple solutions with some understanding of their potential
impact.

Employs critical analysis and creativity to develop innovative and effective
design solutions, considering a broad range of possibilities and implications.
Exhibits exceptional innovation in design, pushing boundaries with original
Excellent solutions and sophisticated problem-solving that anticipates future trends and
challenges.

Ethical Consideration and Social Impact

Developing

Secure

Secure
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Recognises the importance of designing for inclusivity, sustainability, and
Developing | social justice, with initial steps towards ethical considerations in design
decisions.

Integrates ethical considerations deeply into the design process, aiming for
Secure solutions that address social justice, environmental stewardship, and
inclusivity.

Generates designs that consider deeply ethical practices, sustainability, and
Excellent social impact, demonstrating a commitment to advancing societal and
environmental well-being.

Reflection and Adaptability

Shows basic reflection on design choices and some responsiveness to

Developing feedback and unintended consequences.
Actively seeks feedback, demonstrates adaptability in design revisions, and
Secure considers a wide range of impacts and feedback loops in the iterative design
process.
Exemplifies a reflective and adaptive design approach, using feedback and
Excellent critical evaluation to refine and evolve designs continually. Demonstrates
foresight in anticipating consequences and integrates learning into future
innovation.
Findings

Examinations Officer

Students met with the school's Examinations Officer to explore the challenges she encounters
in her role. A significant aspect of her duties includes the transportation of exam papers from a
secure storage area in her office to the examination hall, located on the opposite side of the
school. The students discovered that the Examinations Officer relied on a commercially
purchased plastic trolley for this task. However, they noted that the trolley was difficult to
manoeuvre, lacked stability and security when unfolded, and caused the exam papers to
become jumbled and difficult to access, given the number of different qualifications being
examined during the same session.

Individually and then collectively, students formulated the following problem statement to
guide their investigations and design work, as well as to establish criteria for evaluating success:
"How might we develop a way to transport exam papers easily and securely, while dividing
them according to the specific exam?"
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Figure 6 — Photograph of the practical outcome from the ‘exams’ team.

The validated self-assessed instrument used before and after the intervention (Kelley et al.,
2019) contained n=30 questions that were grouped to each of the 4C’s. Students were asked to
what degree they agreed with each statement using a four-point Likert scale. Four-point as
opposed to five was chosen to force choice (Chyung et al., 2017) and avoid respondents
remaining in the mid-points of the scale. Figure 4 shows the mean scores, alongside a teacher
assessed score based on the rubric to assess student work for 215t-Century Skills (SRI
International, 2012).
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Figure 7 — Mean scores of student perceptions of their 4C skills before and after the
intervention, along with the teacher assessment score.
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Cooking and Nutrition Teacher

Students engaged with one of the school’s cooking and nutrition teachers and students
participating in cooking classes to identify challenges encountered in this context. They learned
that laundry management posed difficulties both for the teacher and the students. Used
kitchen linens were collected in a laundry basket, cleaned daily by the school's Housekeeper,
and returned in a large bag. The teacher was responsible for storing these items in a cupboard,
which became a point of congestion during lessons as students needed access to clean tea
towels and oven mitts.

Students individually and then collectively formulated the following problem statement to
guide their investigations, design work, and to establish criteria for evaluating success:

“How might we keep the laundry organised for the students so that cooking is safer and
easier? We are restrained by space and the students misusing our product.”

Figure 8 - Photograph of the practical outcome from the ‘laundry’ team.
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Figure 9 — Mean scores of student perceptions of their 4C skills before and after the
intervention, along with the teacher assessment score.
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Housekeeper

Students consulted with the school's housekeeper to identify challenges she encountered in her
role. As the manager of the cleaning staff, she is responsible for ensuring the school's
cleanliness meets high standards and adheres to Health and Safety regulations. The students
discovered an issue with the storage of used mops; they were kept upside down in a large bin,
causing the mop heads to touch. The housekeeper highlighted that this storage method was
unsuitable due to the risk of cross-contamination and required a better storage solution.

Students individually and then collectively formulated the following problem statement:

“How might we make sure that the mops are kept tidy and out of the way so that people
won’t get hurt by them, as well as ensuring they are separated? We are restrained by
space and the size of the mops.”

Figure 10 - Photograph of the practical outcome from the ‘laundry’ team.
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Figure 11 — Mean scores of student perceptions of their 4C skills before and after the
intervention, along with the teacher assessment score.

Music Teacher

Students engaged with one of the school's music teachers to identify challenges within the
Music Department. Through their inquiry, they learned that the weekly transport of hymn
sheets and Order of Mass cards to the local church posed significant difficulties. The task
involved students manually carrying bulky and heavy boxes across a busy road, presenting
concerns related to both health and safety and practicality.

Students individually and then collectively formulated the following problem statement:

“How might we develop a way to transport hymn sheets and Order of Mass cards
between the school and St. Joseph’s church in a more efficient and safe manner? We are
restrained by the number of cards and their size.”
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Figure 12 - Photograph of the practical outcome from the ‘mass cards’ team.
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Figure 13 — Mean scores of student perceptions of their 4C skills before and after the
intervention, along with the teacher assessment score
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Figure 14 - Mean scores of student perceptions of their 4C skills before and after the
intervention for all participants, as well as teacher assessment using rubric.
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Figure 15 — Mean scores of teacher assessments of D&T knowledge, ranging from 1
(developing) to 3 (excellent) as detailed in Table 1.

Figure 15 illustrates an increase in mean scores across all 4Cs following the intervention, as
measured by the self-assessment instrument. However, these increases are generally marginal,
with the notable exception of creativity, which shows a more significant improvement. This
finding is further supported by the teacher's assessment of creativity.
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It is widely acknowledged that when individuals face a problem, they often automatically apply
strategies that have proven effective in similar or analogous situations they have previously
encountered (Thornhill-Miller et al., 2023). The innovative nature of this curriculum approach
introduced students to many novel situations, prompting them to develop new approaches and
experiences. This process significantly enhanced their skills across the 4Cs, with a particular
emphasis on creativity.

Contrary to traditional views, it is argued that creativity is not an innate trait but a skill that can
be cultivated (Nicholl and Spendlove, 2016; Thornhill-Miller et al., 2023), which is supported by
the data from this study. It is believed that creativity can be actively taught through direct
instruction in creative methods and concepts, as well as indirectly fostered by creating
environments conducive to creativity (Chiu, 2015; Thornhill-Miller and Dupont, 2016).
Creativity, sharing certain underlying mechanisms with intelligence (Spendlove, 2011), is
increasingly acknowledged as a vital skill for adaptability and problem-solving in complex
situations (Sternberg, 1986; Craft, 2005), therefore highlighting its importance in a 21%-Century
context.

Creativity has become recognised as a crucial skill in the global educational landscape. It
operates outside of traditional academic boundaries, playing a critical role in students' ability to
innovate, adapt, and solve complex problems in a rapidly changing world (Robinson, 2006;
Weisberg, 2006). Creativity in the 21%-Century context transcends artistic expression, enabling
the ability to think critically and innovatively, and apply knowledge in new ways (Shaheen,
2010), emphasising the crossover of the 4Cs. It is increasingly recognised as a key component of
education, vital for success in diverse fields ranging from technology to business (Craft, 2005).
Creative thinking can be viewed as a tangible competence, grounded in knowledge and practice
while offering flexibility and adaptability, which supports individuals in achieving better
outcomes, often in constrained and challenging environments (Sternberg, 1986; OECD, 2019a),
which further highlights its importance for the future. Organisations and societies around the
world increasingly depend on innovation and knowledge creation to address emerging
challenges (OECD, 2010), placing emphasis on innovation and creative thinking collectively.

Educators face the challenge of creating learning environments that encourage risk-taking and
original thinking while still ensuring mastery of essential content (Robinson, 2006). There is
increasing evidence that educational practices are incorporating project-based learning,
inquiry-based learning, and collaborative tasks that foster creative thinking and problem-
solving skills (Bell, 2010), alongside the development of subject knowledge, which encourages
students to explore, experiment, and engage with content in innovative ways, which are crucial
for developing creativity (Craft, 2005; Klapwijk, 2017). While creativity necessitates freedom
and flexibility, it also thrives on deep subject knowledge (Weisberg, 2006), demanding a
balance. This is more challenging in areas where traditional curricula focus heavily on rote
learning and standardised testing (Zhao, 2012), which is the current trend in England with its
knowledge-centric curriculum (Bell et al., 2017; McLain et al., 2019). Though small-scale, this
study highlights that there was success in integrating a constructivist approach to problem-
solving, which enhanced 215%t-Century Skills alongside subject specific knowledge. The study
established that in order to be creative with design and practical work, capability was
predicated on prior knowledge and experience. In the time constraints of this project, the
student outcomes they produced would not have been possible by introducing concepts for the
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first time; therefore, students were required to draw on prior knowledge and build on this
socially, with assistance from their peers and teachers, a key component of constructivism,
particularly constructionism (Papert, 1980).

Communication inherently connects with the other 3Cs. In relation to critical thinking, effective
communication fosters an environment conducive to goal-oriented, realistic exchanges (Griffin
& Care, 2015; Trilling & Fadel, 2009). It is closely linked to collaboration, as successful teamwork
relies heavily on quality knowledge sharing and the trust that develops among group members
(Johnson & Johnson, 2009). Furthermore, creativity in communication is particularly evident
when ideas are conveyed to an audience or during collaborative creative endeavours. The data
from this investigation suggests that students tended to rate their communication skills lower
than that of the teacher, possibly indicating that the self-assessment of communication did not
correlate with the teacher assessment rubric or that students did not have confidence in their
communication abilities. Communication during this curriculum project was essential in all
activities, including face-to-face collaboration, working with end-users, presenting to peers, and
visually through sketching, modelling, and writing, as well as during practical activities. This
intervention provided a wide range of opportunities for communication skills, and associated
knowledge to be developed.

Limitations of the Study

This study is limited in scale, which precludes the generalisation of its findings. Additionally, a
further limitation is the use of broad instruments; a more focused examination of knowledge
and skill acquisition in specific areas could yield a more nuanced understanding of how DTIL can
support learning, rather than the broader approach taken in this study. Employing a more
analytical method, such as content analysis of student work, could lead to a better
understanding of how different contexts impact learning, especially on an individual student
level, given that some analyses in this study focused on group assessments.

Employing the knowledge rubric as a standard assessment tool across the Key Stage could have
supported pre- and post-intervention analysis to more accurately assess its impact. Adopting a
more comprehensive approach to analysing data from the self-assessment instrument, such as
using standard deviations and paired sample t-tests, could have identified whether the gains
were statistically significant, thereby providing a clearer understanding of skill development
and the effectiveness of the curriculum design.

Additionally, the effectiveness of the curriculum design itself was not evaluated in this study;
further exploration in this area would be beneficial. Similar to the '21% Century Learning Design
Student Work Rubric' developed by SRI International (2012), the organisation also published
the ‘21CLD Learning Activity Rubrics’ (SRI International, 2012), a framework for assessing the
effectiveness of learning activities, which could have contributed to the development of a more
effective curriculum design. Incorporating additional methods, such as focus groups or
interviews, could provide a richer dataset to analyse the impact of this intervention.

Implications of the Study

While this small-scale study highlights a range of fruitful outcomes and makes some progress in
establishing that this curriculum intervention supports the development of 215t-Century Skills
alongside knowledge, there is an opportunity to further capitalise on developing core subject
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knowledge, such as the inclusion of electronic or mechanical systems. In future iterations of this
intervention, students could be required to consider key aspects of the curriculum to satisfy
knowledge progression, in addition to human skills. A disadvantage of prioritising specific
subject content to ensure adequate delivery is that the authentic problem-solving element of
this project could be compromised, making design activities contrived.

The inclusion of users from outside of the school, for instance in the community or in industry
could enhance this intervention and potentially improve the development of 21%*-Century Skills.
The careful selection of contexts to enable sufficient coverage of subject content would be
imperative. An example of an upcoming project with Year 8 students which is more constrained
involves input from an audiologist at a local hospital. There have been strict cleanliness rules
established since the COVID-19 pandemic, consequently a child-centred product used during
paediatric hearing tests can no longer be used, requiring a new solution made entirely of
polymers. This project has the potential to include many areas of D&T subject content,
including systems, but will require teachers to teach more specifically about polymers and
manufacturing from this material. On the one hand, students are more likely to develop a
deeper knowledge of polymers due to the context, yet this could potentially limit the
development of knowledge of a wider variety of materials.

Conclusion

This study conducted at Key Stage 3 in D&T offers insight into DTIL and its impact on fostering
21°-Century Skills alongside subject-specific knowledge. The DTIL approach, implemented
through a structured intervention, has demonstrated its effectiveness in engaging students in
real-world problem-solving tasks that enhance their creativity, collaboration, communication,
and critical thinking skills. By departing from traditional pedagogies within D&T and embracing
Design Thinking, the findings highlight the potential of an innovative curriculum framework in
preparing students for the complexities of modern life and work.

The study also identifies significant challenges, primarily the existing educational emphasis on
knowledge acquisition over skill development within the English curriculum. This emphasis
potentially undermines the creative and practical dimensions of learning that are crucial for
students to thrive in a 21t-Century context. The research illustrates a need for educational
policies and curricula that balance subject knowledge with human skills, ensuring that
education is comprehensive and relevant, emphasising the role that D&T can play in general
education.

In conclusion, this study contributes to the ongoing discourse on reform in D&T by providing
some evidence of the benefits of integrating 21%*-Century Skills and Design Thinking into the
curriculum. Moving forward, it will be necessary to expand this research to larger and more
diverse populations to further validate and refine the DTIL model, along with the refinement of
instruments to measure its impact.
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