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Editorial: Extending our reach, adding literature
reviews to the Journal’s repertoire

Kay Stables, Goldsmiths, University of London, UK
Lyndon Buck, University of Southampton, UK

In this final Issue of 2025, we are pleased to share ten articles with our readers, two of which
are appearing under a new category for the Journal as we are introducing a new section that
focuses on literature reviews. The Journal has always been open for these but, in the past,
very few have been submitted. Literature reviews are valuable documents for researchers to
share as, while not presenting a specific research project, they are research articles in their
own right in that the authors have undertaken to research what has been written on a
specific aspect of research undertaken in previous years. Literature reviews pull together a
treasure trove of insights, focused on a specific topic drawn from recent research, along with
research undertaken over preceding decades. Those producing literature reviews also tend
to take a neutral stance, enabling a range of perspectives on a topic, allowing a reader to
scan the range, consider the perspectives presented and gain new insights into a topic that
can be both enlightening and challenging.

In the two literature reviews in this issue quite different topics have been presented — one
on an analysis of books issued by Turkish Public Institutions, focusing on Design Thinking and
the other providing insights into the recurriculation of Engineering, Technology and
Technical education in the light of Industry 5.0. The topics are quite different, but the scope
of each is impressive. Both reviews draw on research from an international range of articles
from recent and historic eras. Both also go beyond the reviews of the literature and focus on
implications for Design and Technology Education. We look forward to receiving further
literature reviews delving into all aspects of Design and Technology education that we can
share in future issues.

In addition, this Issue includes seven research articles submitted from across Canada, South
Africa, Sweden, Turkey and USA; on primary, secondary and tertiary education; and on
topics ranging across computer programming skills, engineering graphics and design,
generative Al and creativity, metaphor and reflection, STEM-based approaches, and
sustainability.

Summaries of research articles and literature reviews can be scanned in the Abstracts
section of this issue.

Finally, we have a very English reflection piece that considers the impact of a newly
introduced Curriculum and Assessment Review in schools’ education.

We hope this final issue of Volume 30 provides something for everyone and we look forward
to presenting Volume 31 in 2026.
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Reflecting on the Implications of the 2025 Curriculum
and Assessment Review for Design and Technology in
England

Matt McLain, Liverpool John Moores University, UK
Alison Hardy, Nottingham Trent University, UK

Introduction

This reflection critically examines the implications of the 2025 Curriculum and Assessment
Review (CAR) for Design and Technology (D&T) education in England. Drawing on our role as
expert advisors to the Department for Education (DfE), we explore the Review’s
recommendations for clarifying the subject’s purpose, refining curriculum content, and
embedding sustainability, social responsibility, and inclusivity. We argue that while the Review
articulates a progressive vision for D&T, significant challenges remain in addressing systemic
barriers such as declining participation, inequitable access, and assessment practices. The
discussion highlights opportunities for strengthening applied knowledge areas (digital literacy,
oracy, and climate education) while cautioning against structural constraints that risk further
marginalising the subject. We conclude that realising the Review’s ambitions requires targeted
investment in teacher development, infrastructure, and inclusive curriculum design, alongside
assessment reform. Without these measures, D&T’s potential as a vital bridge between
creativity, technology, and societal needs may remain unrealised.

As expert advisors to the DfE’s CAR panel following the interim report (DfE, 2025a), we
welcome the final report’s recognition of D&T as a vital subject within a world-class curriculum
(DfE, 2025b). This reflection bridges our discussions with the DfE and our public response to the
final report, focusing particularly on its recommendations for D&T. We also critically analyse
the implications of the CAR for D&T by comparing them with recommendations for art and
design (A&D), science, and geography.

The Report positions itself as evidence-led, inclusive, and forward-looking, aiming to “ensure
the curriculum is fit for purpose, addresses the rich knowledge and skills people need to thrive
in a fast-changing world and encourage a love of learning” (DfE, 2025b, p.9). For D&T, this
vision translates into two overarching recommendations:

1. Clarify the subject’s purpose by articulating aspirational aims that emphasise its distinct
body of knowledge and capabilities.
2. Refine the D&T curriculum and GCSE subject content, including:
a. Explicitly addressing sustainable solutions to design challenges.
b. Embedding social responsibility and inclusive design throughout the design
process.
c. Developing critical decision-making skills in material selection.
d. Ensuring that realising designs remains integral to pupils’ D&T experience.
(paraphrasing of DfE, 2025b, p.70)
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These recommendations align with our own vision for a future-facing D&T curriculum; one that
equips young people with the capability to ideate, realise, and critique designs in response to
complex societal and technological challenges (McLain et al., 2019).

Opportunities and Challenges

The Report marks a (potentially) significant moment in the evolution of England’s national
curriculum. D&T occupies a uniquely complex position, bridging traditional academic, practical,
and creative domains while carrying the legacy of its vocational roots (Hardy, 2025). We see the
recommendation for aspirational aims as an opportunity to advance the subject while building
on its history. We propose these two aspirational aims for D&T:

e Develop design and technology capability through selecting knowledge of how to
imagine, create and critique artefacts, systems or models for a range of contexts,
purposes and users.

o Develop conceptual, procedural, and contextual knowledge to critically evaluate the
societal, cultural, and environmental impacts of design and technology.

The Report’s emphasis on critical design-making skills, sustainability, social responsibility, and
inclusivity aligns well in these aspirational aims. However, realising this potential will require
significant investment in teacher training, infrastructure, and curriculum development. The
Review's ambitions risk being undermined if not matched by systemic support.

The Report recommends that the curriculum should place rich knowledge and skills at its heart.
However, in D&T, the subject’s intention lies in what pupils do with that knowledge, which we
think are addressed in these two aims. Firstly, to make purposeful changes to the made

world through their active use of knowledge and skills; and secondly, to use their developing
knowledge to understand the wider impact of D&T.

Applied Knowledge Areas

Next, the Review also states that D&T should contribute to applied knowledge areas (often
called ‘life skills’) including climate education and sustainability, digital literacy, and oracy.
Geography and science are recommended to focus on teaching about climate change, and
sustainability is the focus for D&T — again its knowledge for action and change, rather than the
theoretical or scientific aspects. This is an opportunity for real discussions between subjects to
clarify subject-specific knowledge and where these can be drawn on between subjects — not as
simple cross-curricular themes, but rather to strengthen learners’ knowledge and skills.

The applied knowledge areas of digital literacy and oracy in D&T will need further development
during the next stage of the review, when curriculum drafters and stakeholders shape the aims,
purpose, and content for each subject. The report defines digital literacy as “the knowledge,
behaviours and confidence required to use technologies and computer systems creatively,
safely and effectively” (DfE, 2025b, p.36), with the example of D&T using 3D modelling. We
know that digital literacy in D&T already goes further than this with computer aided design
(CAD), digital fabrication (including 3D printing), and programming microcontrollers (DfE, 2013,
201543, 2015b), for example. We suggest that the scope of digital literacy in D&T should include
digital collaboration, communication and presentations.
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Finally, oracy. Using precise terminology to articulate ideas, concepts and process to others and
for a arrange of audiences has gradually faded from the D&T curriculum. Yet language is what
enables pupils to think clearly and engage in meaningful conversations about design with
teachers, peers, and eventually, for some, with professionals across the breadth of design
practice. The next phase of the national curriculum development offers space to revisit and
research effective strategies for teaching and pupils learning design and technology vocabulary
that go beyond a simple word wall or textbook glossary.

Future school planning must move past form-filling exercises and formulaic, assessment-driven
portfolios, that merely show where and when these applied knowledge areas are taught,
learned, and demonstrated. In D&T, we have an opportunity to share what is already being
done and what more we could showcase to other subjects.

Access, Equity, and Assessment

The Report also reaffirms D&T's status as a foundation subject at key stages 1 to 3 (primary
through to lower secondary) and as an entitlement subject at key stage 4 (upper secondary) in
all state schools, placing it back as an essential component of a general education for all
children in compulsory education. However, it also acknowledges a troubling picture of
declining access and participation in D&T, evident through GCSE and A Level entries, which has
been an issue since 2004 (McLain, 2025a). Only 57% of state-funded schools entered pupils for
GCSE D&T in 2024/25, with access significantly lower in schools serving disadvantaged
communities. The analytical annex (DfE, 2025c) highlights persistent disparities in uptake by
socio-economic status, gender, and special educational needs. For example, pupils from
disadvantaged backgrounds and those with special educational needs and/or disabilities (SEND)
are markedly underrepresented in D&T entries, raising concerns about equity and inclusion.
This suggests we need to investigate schools’ structural systems and decisions made by D&T
teachers that may be causing or affecting these disparities. Our view is that if a
recommendation for inclusive design to be embedded within the D&T curriculum then, as a
subject, we must reflect on our pedagogical, curriculum and assessment decisions; including
what we exclude and consign to the past.

A comparative analysis with the A&D curriculum underscores these concerns. A&D enjoys
significantly broader access, with 94% of schools offering qualifications in the subject. Gender
participation is more balanced, and the subject benefits from a stronger cultural and creative
education narrative. Moreover, A&D's assessment model, which includes substantial
coursework, contrasts with D&T's more examination-centric approach. The Review's call to
reduce the volume of GCSE examinations and explore alternative assessment methods could
benefit D&T, but only if accompanied by structural changes to its qualification design.

Policy and Progression

The proposal to remove the English Baccalaureate (EBacc) as a performance measure may offer
some relief, potentially freeing up curriculum space for practical and creative subjects, like D&T,
that were marginalised under the last curriculum review (DfE, 2025d, Whittaker, 2025, Hardy
2017). Yet, the retention of the EBacc's structure within Progress 8 as an "Academic Breadth"
bucket suggests that the underlying hierarchies of subject value may persist. Without a more
fundamental rebalancing of accountability measures, D&T risks remaining marginalised in the
curriculum offer of many schools. This should be a cautionary tale for other countries around
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the world as they review their curricula; particularly where ideologically narrow conceptions of
knowledge rich curricula dominate (McLain, 2025b).

The Food and Nutrition Dilemma

Finally, the Review’s treatment of food and nutrition (F&N) represents a significant shift,
renaming the former “Cooking and Nutrition” and granting it distinct aims and a purpose of
study within D&T, as a “parent” subject DfE, 2025b, 2025d). While this acknowledges the
subject’s broader scope (emphasising practical cookery, sustainability, and healthy eating) it
stops short of elevating F&N to a standalone subject, as some stakeholders advocated. This
decision reinforces its dependency on D&T, which risks constraining its identity and progression
pathways, despite the Report’s call for clearer curriculum detail and stronger post-16 routes
into food-related careers. The implications for D&T are twofold: on one hand, the integration
maintains the historic connection of food, as a material for designing and making, within D&T
by embedding life skills and interdisciplinary links; on the other, it may dilute focus on core
design principles if F&N dominates practical skill development. Ultimately, the review’s
approach reflects a compromise, strengthening food education without fully resolving tensions
around subject autonomy and curriculum coherence. The decision to have separate
stakeholder groups for D&T and F&N (with little interaction between the two) during the
review process reinforced the divisions, with the recommendations failing to grapple with the
complexity of the relationship between food a D&T imposed in the last review. The Review
effectively kicks the can down the road, leaving the D&T and F&N communities to work with
potentially unresolvable issues or a braver future review.

Conclusion

The Review offers a mixed outlook for D&T. It articulates a progressive and relevant vision for
the subject but stops short of addressing the structural and systemic barriers that have led to
its marginalisation. Although the panel may argue this was beyond their remit, ensuring D&T

thrives within a world-class curriculum requires policymakers to go beyond curriculum reform
and tackle issues of access, equity, assessment, and progression.

For equity in D&T, strategic support for the subject and its education community must be
addressed through both policy and practice. This includes:

e Targeted investment in teacher education and development, particularly in schools
serving more disadvantaged communities.

e Infrastructure funding to ensure all schools have access to the resources (including
appropriate tools, materials, and spaces) needed for high-quality D&T education.

e Inclusive curriculum design that reflects diverse learners’ needs, interests, and lived
experiences.

o Assessment reform that values practical and creative work, reducing reliance on high-
stakes examinations that disadvantage certain groups.

Only then can D&T fulfil its potential as a vital bridge between creativity, design, technology
and the future of life and work - where all pupils can flourish.
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Abstracts

In this section we present the abstracts for each research article published in this issue of the
journal. The abstracts are arranged in the same order as the full articles. We hope this is a
useful addition to the journal and welcome feedback on the approach.

The way Technology Teachers Think: The Role of
Metaphor and Reflection for Technology Education
practice

Andreas Larsson, Linkoping University, Sweden

Abstract

This study investigates how technology teachers reflect on their practice by examining the
metaphorical structures that underpin their reasoning. Drawing on Conceptual Metaphor
Theory and supported by an Al-assisted Metaphor Identification Procedure (MIP), the analysis
focuses on recurring metaphorical themes that shape how teachers make sense of challenges,
plan instruction, and imagine future classroom scenarios. The results reveal a set of interrelated
themes—such as time as a resource, learning as motion, teaching as burden, and structure as
cohesion—that reflect and reinforce a view of teaching as a managed and goal-oriented
activity. These metaphors are not merely descriptive devices; they function as cognitive tools
that organise experience and support pedagogical decision-making. By framing teaching
through metaphors of motion, containment, construction, and effort, teachers can navigate
complex classroom dynamics and articulate a coherent sense of professional agency. The
findings suggest that metaphor plays a dual role in reflection: both representing experience and
guiding prospective reasoning. In this sense, metaphors support what is often described as
reflection-for-action, where familiar conceptual frames are used to simulate possible futures.
By surfacing these metaphorical patterns, the study contributes to a deeper understanding of
how teachers conceptualise their work and offers a foundation for professional dialogue and
development in technology education.

Generative Al — Creative Pedagogy Versus Creative
Application

Dale Addy, Watkins College of Art, Belmont University, USA

Abstract

Generative Artificial Intelligence (GenAl) is rapidly changing and influencing the advertising and
graphic design industries. GenAl is reimagining workflows and modifying the skills required for
new graduates to secure their first jobs. Agencies are investing in Al technologies, and creative

10
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departments are leveraging GenAl for client engagement and conceptual development.
However, design educators have been slow to adapt to this change. This lag risks leaving
graduates unprepared for a creative industry in the midst of a technological transition. This
gualitative study investigates how GenAl is being utilized in creative departments and how
design educators are responding. Based on in-depth interviews with agency leaders and design
faculty across the United States, a learning gap was made apparent. Agency leaders see GenAl
as an essential creative tool for accelerating ideation and concept visualization, while educators
remain cautious and prioritize foundational design training. Early pedagogical adopters
understand the benefits of integration, but most curricula incorporate GenAl inconsistently,
often relying on individual faculty initiative. The findings reveal the need for design educators
to help students embrace GenAl as a tool that expands creative exploration and conceptual
thinking. In an effort to remain relevant, graphic design educators must train students in both
design and GenAl fundamentals. The ability for graduates to create authentic, human-centered
design work will be the definition of success in an Al-driven creative industry.

Assessing Students’ Computer Programming Skills:
How Technology Teachers in Sweden Evaluate Learning
in Grades 4-6

Eva-Lena Bjursten, Malardalen University, Sweden
Lena Gumaelius, KTH Royal Institute of Technology, Sweden
Eva Hartell, KTH Royal Institute of Technology, Sweden

Abstract

This study aims to deepen the understanding of how computer programming is taught and
assessed in Swedish schools by focusing on teachers’ perspectives. It explores how technology
teachers (teaching years 4—6, students aged 10-12) perceive their roles and responsibilities in
teaching computer programming, primarily within the technology subject, and examines what
computer programming content is taught and assessed. The research is based on a survey and
interviews with seven experienced teachers who taught computer programming before it
became mandatory. The findings reveal similar views among the teachers but also significant
variation in assessment practices, categorized into four distinct personas, ranging from a strong
disciplinary content and product focus to a weaker disciplinary content and process orientation.
The discussion reflects upon how these variations may be influenced by teachers’ backgrounds,
computer programming knowledge, and unclear policy documents. The conclusions suggest
that, due to this variety, Swedish students may not be equally equipped with the digital skills
needed for participating in a digitalized society. To enhance equity, we argue that teachers
need better preparation to effectively integrate computer programming skills across subjects.
Additionally, we recommend clearer national guidelines on how to teach computer
programming and how to assess this subject content in compulsory education.

11
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Designing for Entrepreneurship: STEM-Based
Approaches in Primary Education

Cemre Saraglar, Independent Researcher, Tiirkiye
Ahmet Oguz Akgay, Eskisehir Osmangazi University, Tlirkiye
Engin Karahan, Middle East Technical University, Tiirkiye

Abstract

This study aims to enhance primary school students' entrepreneurial skills by integrating STEM
education. Employing a qualitative action research design, the study involved 19 fourth-grade
students (aged 9-10) selected via convenience sampling. Over a six-week period totaling 18
instructional hours, researchers implemented two STEM-based activities aligned with the
study's objectives. Data were gathered from multiple sources, including video recordings, e-
portfolios, student journals, researcher journals, and student-generated artifacts. The research
was guided by a framework encompassing 22 entrepreneurial skills, categorized into three
domains: knowledge, skills, and attitudes. Findings indicate that while students did not
demonstrate complete competence in all areas, particularly within the entrepreneurial aptitude
domain, they showed notable development in their understanding, practical skills, and
attitudes related to entrepreneurship.

A repurposed geometric reasoning model for
Engineering Graphics and Design: a conceptual paper

Vernon Candiotes, University of Pretoria, South Africa
Willem Rauscher, University of Pretoria, South Africa
Sonja van Putten, University of Pretoria, South Africa

Abstract

Engineering Graphics and Design is a South African school subject which is foundational to
fields such as mechanical, electrical, and civil engineering. However, persistent shortcomings in
this subject’s instruction have been documented in the South African National Senior Certificate
examiners' reports over the past decade. These issues stem primarily from ineffective
instructional strategies and a lack of structured reasoning development. These methodological
deficiencies may influence the development of learners’ visuospatial reasoning skills and
conceptual understanding. The situation is exacerbated by the fact that no model for
developing such conceptual understanding and reasoning currently exists in the Engineering
Graphics and Design field. The need for such a model prompted our search for a suitable model
for the structured development of visuospatial reasoning skills, culminating in this conceptual
paper. We address the gap by demonstrating how the van Hiele model of geometric reasoning
can be particularised to suit the needs for the development of visuospatial reasoning skills in
this subject. Our methodology involved the extraction of nine cognitive descriptors from the

12
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relevant literature dealing with the van Hiele model. We explain how these descriptors align
with Engineering Graphics and Design reasoning requirements. The proposed model offers both
diagnostic capabilities for assessing student reasoning levels and instructional guidance for
systematic skill development. It is recommended that empirical studies be conducted to test
the usability of this repurposed model both in teaching and in the evaluation of the levels of
reasoning in assessments.

The invisible remains invisible: a study of systems
thinking in compulsory school students’ descriptions of
a wastewater system

Nina Emami, KTH Royal Institute of Technology, Sweden
Susanne Engstrom, KTH Royal Institute of Technology, Sweden
Claes Klasander, Link6éping University, Sweden

Abstract

This study investigates how ninth-grade students in Swedish compulsory school describe and
explain a technological system: the wastewater system. The analysis focuses on students’
verbal explanations while illustrating their self-drawn models of the system. Eleven students
(aged 15-16) participated through semi-structured individual interviews. Transcripts and
models were analysed using Hallstrom et al.’s (2022) classification model for system
understanding and thematic analysis. The results indicate that most students were able to
identify the system’s purpose, namely, the collection and treatment of domestic wastewater,
and describe components such as household outlets, sewer pipes, and treatment plants.
However, their descriptions were largely linear and focused on visible components, such as
inlets and manholes. Few references were made to energy flows, information control, system
boundary, or interdependencies with other systems. Most students’ reasoning remained at the
Multistructural level; only two demonstrated relational understanding, and none reached an
extended abstract level. The thematic analysis revealed that students faced difficulties in
understanding temporal processes, feedback mechanisms, and the consequences of system
failures, highlighting difficulties in grasping system complexity. The study calls for instruction
that explicitly makes hidden structures, interconnections, and sustainability aspects visible in
technological systems. It proposes combining student-generated drawings with visualizations,
simulations, and structured reflection to promote deeper and more transferable systems
thinking in technology education. Although grounded in a Swedish context, the findings and
suggested teaching strategies may inform broader educational settings and contribute to
strengthening systems thinking as a core competence in technology education globally.
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A Serious Game Proposal for Raising Awareness on
Sustainable Development in the Built Environment

Burcu Olgen, Concordia University, Canada
Negarsadat Rahimi, Concordia University, Canada
Carmela Cucuzzella, Université de Montréal, Canada

Abstract

Interactive serious games enhance science-based communication and promote deeper learning
about sustainable development. It is yet undiscovered that how can Al-augmented interactive
experiences enhance the engagement and spread awareness. This study proposes an Al-
augmented digital serious game in public installation format. First, the study introduces a
serious board game centered on Sustainable Development Goal (SDG) 11 to test the learning
aspects and the engagement of the game. The study hypothesizes that a serious game with a
clear message, engaging mechanics, and appealing design can significantly enhance
understanding of sustainability’s relevance to everyday life. Using a Research through Design
(RtD) approach, the study incorporated iterative feedback from pilot tests. These tests
highlighted the effectiveness of problem-solving and group discussions in fostering
engagement. The insights directly informed the design of the digital version, which emphasizes
streamlined and accessible gameplay.

Design Thinking in educational publications: A
document analysis of books issued by Turkish Public
Institutions and implications for the Technology and
Design course”

Ahsen Oztiirk, Kiitahya Dumlupinar University, Tiirkiye

Abstract

This research aims to investigate how the design thinking (DT) approach in education is defined
and implemented in related books published by public institutions in Tiirkiye. The document
analysis method, a qualitative research method, was used for data collection and analysis.
Seven books published by the Republic of Tirkiye Ministry of National Education (MONE) and
the Scientific and Technological Research Council of Tiirkiye (TUBITAK) were selected as the
data. Findings indicate that DT is perceived as a human-centered and interdisciplinary problem-

* This article was produced from the study titled “What Does Design Thinking Mean in Turkey?
Analysis of DT-related Books Published by Public Institutions”, which was presented as an
extended abstract at EDUCONGRESS 2022 (International Education Congress) on 18.11.2022.
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solving process that requires a set of skills and mindsets and incorporates some values
associated with 21st-century skills. In the books, the matter of how to develop a designer’s
mindset and skills in non-designers — teachers and students — is generally overlooked or under-
emphasized. Therefore, the DT approach in education is not comprehended and practiced as a
holistic approach that requires the interaction between relevant processes, mindsets, and
tools. Considering the findings, incorporating the human-centered, experimental, and
collaborative characteristics of the DT approach into the educational culture or teaching
method can help teachers and students to adopt DT as a holistic approach rather than just a
problem-solving process. The DT approach can also be employed as a tool to establish a context
for technology teaching or integration. In line with this, some strategies are proposed to
strengthen the integration of the DT approach within Technology and Design education. This
research is considered significant in terms of providing teachers with a perspective on the DT
approach and how it is integrated into Technology and Design education.

Recurriculation of Engineering, Technology, and
Technical Education Programmes for the adoption of
Industry 5.0

Sunkanmi Afeez Yekinni, University of Nigeria, Nsukka, Nigeria
Theresa Chinyere Ogbuanya, University of Free State, South Africa
Abdifatah Ahmed Ali Afyare, Salaam University, Somalia

Abstract

Industry 5.0 is a new emergent industrial revolution that admits and promotes mutual and
coordinated interaction of industrial workers’ brains and creative skills, and artificial
intelligence machines’ qualities to maximize production in industries. Thus, the advent of
Industry 5.0 demands new skills, knowledge, attitude and responsibilities/roles from workers to
enable them to fit the positions. Consequently, Industry 5.0 has significant implications for
engineering, technology and technical education programs. These programs need to be
reshaped for the purpose of producing worthwhile graduates that can easily be absorbed into
Industry 5.0. However, this article focuses on the ‘recurriculation’ of engineering, technology
and technical education programs for adopting Industry 5.0. The article is anchored on a
literature review. Specifically, the article dwells briefly on the pre-industrial revolution, Industry
1.0, Industry 2.0 and Industry 3.0. The article explicates on Industry 4.0 and Industry 5.0.
Similarly, the article identifies problems that emanated during the Industry 4.0 era. It explains
the importance of human beings in industries. Also, this article explains the needs for improving
the knowledge, skills and attitude of industrial workers during Industry 5.0. Being a program
where knowledge, skills and attitude needed in industry 5.0 can be acquired, the article briefly
conceptualizes engineering, technology and technical education. Furthermore, the article
explains the concept of recurriculation of engineering, technology and technical education
programs. Finally, the chapter explains the phases for the recurriculation of engineering,
technology and technical education programs.
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The way Technology Teachers Think: The Role of
Metaphor and Reflection for Technology Education
practice

Andreas Larsson, Linkdping University, Sweden

Abstract

This study investigates how technology teachers reflect on their practice by examining the
metaphorical structures that underpin their reasoning. Drawing on Conceptual Metaphor
Theory and supported by an Al-assisted Metaphor Identification Procedure (MIP), the analysis
focuses on recurring metaphorical themes that shape how teachers make sense of challenges,
plan instruction, and imagine future classroom scenarios. The results reveal a set of interrelated
themes — such as time as a resource, learning as motion, teaching as burden, and structure as
cohesion — that reflect and reinforce a view of teaching as a managed and goal-oriented
activity. These metaphors are not merely descriptive devices; they function as cognitive tools
that organise experience and support pedagogical decision-making. By framing teaching
through metaphors of motion, containment, construction, and effort, teachers can navigate
complex classroom dynamics and articulate a coherent sense of professional agency. The
findings suggest that metaphor plays a dual role in reflection: both representing experience and
guiding prospective reasoning. In this sense, metaphors support what is often described as
reflection-for-action, where familiar conceptual frames are used to simulate possible futures.
By surfacing these metaphorical patterns, the study contributes to a deeper understanding of
how teachers conceptualise their work and offers a foundation for professional dialogue and
development in technology education.

Keywords
Conceptual metaphor theory, Metaphorical thinking, Teachers’ reflection, Technology
education

Introduction

Research into the metaphorical nature of teachers’ reflections has become a well-established
approach to understanding how language influences the way teachers perceive their curricula
(Worden-Chambers, 2020), professional identity (Authors-a; Martinez-de-la-Hidalga &
Villardén-Gallego, 2017; Thomas & Beauchamp, 2011), and their underlying pedagogical beliefs
(Alger, 2009; Authors-c; Martinez et al., 2001). For example, Alger (2009) found that teachers
often revise their metaphors for teaching throughout their careers, reflecting changes in their
professional experiences and educational settings. Similarly, Russell and Johnston (1988)
identified patterns of conceptual re-framing as teachers respond to classroom challenges and
organisational demands. Even short-term interventions, such as teacher education courses, can
influence metaphor use, shifting language from general clichés to more process-oriented
reasoning (Kartal, 2020). Therefore, to explore these dynamics in greater depth, it is essential to
uncover the underlying frameworks that shape teachers’ perceptions of their practice —that is,
the teachers' use of conceptual metaphor (Larsson, 2023).
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Reflection — understood here as the mental processes involved in solving problems or
understanding complex situations before (reflection-for-action), during (reflection-in-action),
and after (reflection-on-action) teaching — has long been recognised as a valuable resource for
understanding and improving professional practice (e.g., Clarke & Hollingsworth, 2002; Henze &
Barendsen, 2019; Larsson & Stolpe, 2024; Schon, 2017). Reflection, however, is not a neutral or
purely rational process. Instead, it can be understood as a tool through which teachers access,
interpret, and reconfigure different forms of professional knowledge. When teachers describe
teaching as “building® a foundation” or “navigating obstacles,” they are not merely using
figurative language; they are engaging in a form of knowledge organisation, drawing on prior
experiences, relating them to disciplinary norms, and imagining future classroom actions (see,
e.g., Gibbs, 2006b; Grady, 1997). Nevertheless, little is known about how these reflective
processes operate across time—before, during, and after teaching—or how they function in the
specific context of technology education.

There are several reasons why technology education offers a particularly compelling context for
examining the metaphoric nature of teachers’ reflection. Firstly, it evolves swiftly as new digital
tools and pedagogical methods are introduced, demanding that teachers continually update
their professional knowledge and skills. At the same time, those teaching programming and
technology often come from highly diverse educational and professional backgrounds (Larsson
& Stolpe, 2024; Reinsfield & Lee, 2021). Furthermore, technology education is characterised by
fuzzy disciplinary boundaries, as it draws on knowledge from fields as varied as engineering,
computer science, and the social sciences, without a single, well-defined disciplinary core. This
combination of rapid technological change, diverse teacher profiles, and ambiguous disciplinary
borders makes reflection on one’s practice—and an understanding of the metaphors shaping
this reflection—significant. Therefore, this study aims to explore the cognitive structures that
influence how technology teachers reflect on their practice. The following research questions
have guided this investigation:

In what ways are conceptual metaphors associated with teachers’ experiences of teaching
compulsory technology education?

In what ways do these metaphors shape shared or collective understandings of technology
education?

Theoretical framework

The present study uses Conceptual Metaphor Theory (CMT) as described by Lakoff and Johnson
(1980). Cognitive metaphor theory (CMT) proposes that knowledge originates from mappings
between sensorimotor experiences in the real world and abstract concepts, which are then
expressed through metaphorical language (Gibbs, 2006a, 2006b; Grady & Johnson, 1997; Lakoff
& Johnson, 1999). Furthermore, CMT contends that some features of a conceptual metaphor
are emphasised while others are de-emphasised - known as selective mapping. This results in
what Koller (2020) describes as a “highlighting and hiding” in discourse, which affects
perceptions of what is relevant, problematic, or possible in their teaching practice (Larsson,

1 Metaphoric expressions will henceforth be noted using underlined font.
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2022). Empirical research indicates that conceptual metaphors reflect fundamental aspects of
professional knowledge and beliefs (e.g., Alarcén et al., 2019; McGarr, 2022; Munby, 1987).

One powerful role of conceptual metaphors is to develop a broader narrative (Falck & Okonski,
2022). A metaphorical scene involves actors, motivations, and actions taking place on a stage
with backdrops and props. Depending on how the stage is arranged, some roles and actions are
more likely to be performed than others. For example, when teachers view the classroom as a
“garden” or a “battleground,” scenes are triggered that direct their attention, influence their
interpretation, and shape their instructional choices based on their personal beliefs (see Koller,
2020). By supporting the flow of pedagogical knowledge, conceptual metaphors affect both the
content and form of teacher reflection, helping teachers to understand ongoing situations,
envision future practice, and articulate professional judgment (Larsson & Stolpe, 2024).

Methodology
Data collection

The study used data from semi-structured interviews (N = 10) with Swedish practising
technology teachers, focusing on participants’ material preconditions for teaching technology
education. All teachers were licensed to teach grades 4-6 (n = 6) and 7-9 (n = 4). Each interview
lasted between 30 and 45 minutes. The interviews were conducted during and transcribed in
real-time using Microsoft Teams (Nov-Dec 2023). The transcripts were then manually compiled
into a single .txt file, resulting in a dataset of 29,134 words. No personal or contextual metadata
was included in the analysed dataset. As a result, specific excerpts or coded units cannot be
traced back to individual informants or interview sessions, ensuring the informants’ complete
anonymity. Before the interviews, all informants received detailed information about the
study’s purpose, including assurances of complete anonymity. They were also informed—in
writing and verbally—about the study’s objectives, potential risks of participation, procedures
for withdrawing, and data management, to which they all provided oral informed consent.
Consequently, the study complies with the ethical guidelines outlined in Good Research
Practice by the Swedish Research Council (2024).

Inspired by the PCK map approach, a theory-informed interview guide emphasising (1) the
teacher’s educational background and vocational experiences, (2) the material and
organisational preconditions for teachers’ practice (the learning environment), and (3) their
planning, teaching, assessment, and reflection practices was developed to reflect the Refined
Consensus model of PCK (RCM) (Carlson et al., 2019).

Analytical framework

The study’s analysis is based on the idea that “metaphors can be described by their position in a
hierarchy according to the level of abstractness at which they are classified” (Charteris-Black,
2004, p. 244). Recognising such hierarchies can help in understanding why certain metaphors
are used in specific discourses and their role in shaping, for example, pedagogic ideology and
practice (Larsson & Stolpe, 2024; Charteris-Black, 2004; Koller, 2020). Therefore, the analysis
will offer insights not only into what the informants say but also into how they say it and the
meaning they convey.

The Metaphor Identification Procedure (MIP), developed by the Pragglejaz Group (2007),
remains standard for manual metaphor identification. The procedure is based on an algorithm
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that compares the meaning of a linguistic construction (often a word) within a specific context
to its most basic meaning. Consider, for instance, the statements “building a bridge across the
river” and “building a bridge across generations”. In the first case, the linguistic construction
refers to constructing a physical structure that spans from one piece of land to another (i.e., the
literal use of the term “bridge”). At the same time, the other sentence refers to overcoming
differences in, for instance, ideology among age groups (i.e., the metaphorical use of the word
“bridge”) —i.e., an indication that the understanding is conceptualised through the conceptual
metaphor CONNECTION/UNDERSTANDING IS BUILDING A BRIDGE?.

An Al-assisted MIP analysis for exploring teachers’ use of metaphors

With the increasing integration of Al in linguistic and discourse studies, researchers have
examined how NLP systems can mimic or support MIP-based processes (Shutova, 2010). Most
studies emphasise that although Al can improve scalability and consistency, it faces challenges
with nuanced metaphor understanding, especially in ambiguous or reflective texts; therefore,
researcher supervision or calibration remains necessary (Koller, 2020; Tsvetkov et al., 2014).

In this case, the study’s Al-assisted MIP-analysis utilises ChatGPT’s natural language processing
(NLP) abilities, providing a systematic and replicable method for identifying minimal semantic
units and conceptual metaphors for further qualitative or quantitative evaluation. During the
analysis process, the author has directed each analytical step according to the MIP procedure
by offering clear, operational instructions where required. ChatGPT has carried out analyses,
exported results, and adapted its approach in real-time based on my feedback, ensuring that
each phase aligns with the study’s specific research aims and upholds standards of
methodological rigour and transparency (Table 1).

Table 1. Summary of the roles of the Author and ChatGPT and the traceability of the analysis.
The table was generated using ChatGPT

Step The Author ChatGPT Traceability
Method

Define metaphor X Documented in

domain prompts

Upload and X File numbering,

structure data data structure

Extraction/filtering X Numbered units,
code available

MIP analysis X Example/number
links

Export/document X (request/review) | X (execute/export) | Downloadable

results outputs

The analysis proceeded according to the MIP-protocol (Pragglejaz Group, 2007):

e Extraction of semantic units (sentences): The data corpus was split into sentences by
ChatGPT (a sentence is defined by punctuation marks such as a period [.], exclamation

2 Instances of conceptual metaphors will henceforth be noted using CAPITALISED letters.

19



Design and Technology Education: An International Journal

mark [!], or question mark [?] and is assumed to represent a coherent thought or
meaning-bearing unit within the text) to identify units containing common content
words in the corpus. Each sentence (semantic unit) was marked with a uniqgue number
for traceability within the corpus.

e “Collaborative” metaphor analysis: MIP analysis was applied to the corpus. The author
oversaw the analysis for the first 50 units (the practice run), correcting the LLM by
providing additional context, if needed. Based on this feedback, the LLM adjusted its
analytical approach, improving accuracy and alignment in subsequent analyses. After
the training, ChatGPT performed MIP analyses on the remaining semantic units.

e MIP analysis: ChatGPT was prompted to automatically (1) perform a word-by-word MIP
analysis of selected expressions/units, (2) allow the author to approve/improve each
analysis, and (3) tabulate the result and export it to Microsoft Word.

Results
Overview of emergent conceptual metaphors

An initial MIP analysis, supported by ChatGPT, identified four recurring metaphorical themes in
the corpus. Learning and development were often depicted as movement along a path,
reinforcing a linear and goal-oriented view of progress. This framing closely relates to
metaphors of time as a resource — something to be managed, protected, or spent — since
progress along a path is seen as dependent on how effectively the teacher utilises time. A
common theme throughout the teachers’ reflections is the use of construction and engineering
metaphors when describing their role in the classroom. In this sense, teachers often saw
themselves as organisers, builders, or mechanics, figures responsible for assembling,
maintaining, and fine-tuning systems designed to support student movement and progress.
Throughout the material, pedagogical challenges were frequently described using metaphors of
weight, obstruction, and resistance—images that introduce tension into an otherwise forward-
moving narrative. Lastly, students were sometimes portrayed as receptacles or systems to be
guided and fine-tuned, indicating a technical or instrumental relationship that aligns with
construction and machinery metaphors. This perspective underpins an understanding of
education as a managed process where both teacher and student are parts of a larger, goal-
driven mechanism.

Sometimes, the respective frames connect to emphasise values such as control, efficiency, and
progression—key elements that shape how teachers view their roles. Each metaphor reinforces
the others, fostering a broader mindset in which teaching is perceived as a deliberate,
structured process aimed at achieving measurable objectives. The following describes each
frame.

TIME IS A RESOURCE
Unit 143. ”...tanken dr ju liksom de hdller ju pa och bygger de tycker det ér sG himla
roligt, sd tiden gdr ju och sen mdrker man att nu dr det tio minuter kvar och da blir det

bara... nu mdste vi bryta, nu mdste vi stdda. och sen stédar vi och sa blir det tack och
hej.”

“..the idea is, you know, they’re working away and they’re having such a great time, so
time just flies by. Then, suddenly, you realise there are only ten minutes left, and it’s
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just... now we have to break off, now we have to clean up. So, we clean up, and then it’s
just thank you and goodbye.”

The MIP-analysis has identified two metaphorical expressions: (1) “tiden gar” (time flies by) and
(2) “bryta” (break off) and one weak metaphorical, or partly conventionalised expression: “tio
minuter kvar” (ten minutes left) (Table 2).

Table 2. MIP analysis of unit 143. The table was generated using ChatGPT

Expression | Translation Basic meaning Contextual meaning Metaphoric
tiden gar time flies by | Motion in space Time passes YES
bryta break off Break apart, End lesson/activity in | YES
physically interrupt | an abrupt manner
tio minuter | ten minutes Remaining time Remaining part of the | WEAK
kvar left lesson (part-whole-
relationship)

Overall, the MIP analysis suggests that the teacher conceptualises time through the metaphor
TIME IS MOTION, a well-documented schema explored by for instance Lakoff and Johnson
(1980) and Nufez and Sweetser (2006). In this framing, time is not static or limited but
something that moves—or through which one moves—allowing the teacher to experience
lessons as unfolding along a temporal trajectory.

The analysis also shows that lessons are conceptualised using the metaphor EVENTS ARE
OBJECTS THAT CAN BE BROKEN, suggesting that when a lesson reaches its designated end, it is
experienced as a rupture or a “break,” which requires the teacher to adapt or reorganise the
flow of activities. As mentioned earlier, PLANNING is metaphorically described as SHAPING OR
ORGANISING OBJECTS INTO A FUNCTIONING, PURPOSEFUL MACHINE — a system in which each
component must fit and align within the constraints of time.

Finally, time is seen as a limited “substance” — a conceptual resource that can be “left behind,”
“used up,” or “lost.” This interaction between TIME AS RESOURCE and TIME AS SUBSTANCE is
somewhat ambiguous but can be understood as a form of metonymy (a part—whole structure).
It enables the teacher to frame classroom experiences not as isolated moments, but as points
of transition along the temporal trajectory or as general “breaking points” where activity is
reorganised, rather than precisely defined moments on a clock.

LEARNING IS MOTION/PATH

Unit 414. “...och sa kan man géra sdna hdr ballongbilar... men jag skulle vilia komma
ldngre... men det finns inte riktigt alltsd... Man har inte dels tiden under den hdr tiden
som man ska géra det och sa klasstorlekarna, grupperna [mellan 22-26 elever] som man
har.”

“...and you can make these balloon cars... but I’d like to go further... but there just isn’t

really... You don’t really have the time * during the period when you’re supposed to do it,
and then there’s the class sizes, the groups [between 22—-26 students] that you have.”
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The MIP-analysis has identified two metaphorical expressions: (1) “komma langre” (go further)
and (2) “ha tid/grupperna” (have time/groups), and one weak metaphorical, or partly
conventionalised, expression: “under den har tiden” (during this time) (Table 3).

Table 3. MIP analysis of unit 414. The table was generated using ChatGPT

Expression Translation | Basic meaning Contextual meaning Metaphor
komma get further, | To move further in Develop, make YES
langre go further space progress
under den during this | Quantity, length Available amount of WEAK
har tiden period time
ha tiden, ha | have the Own, possess Time and groups as YES
grupperna time, have entities to handle

groups

Overall, the MIP analysis indicates that the teacher understands development through the
metaphor PROGRESS IS MOTION, which is closely linked to the broader metaphor CHANGE OF
STATE IS MOTION identified by Grady (1997). In this view, development is not static or abstract,
but something that happens through movement, enabling the teacher to see pedagogical
progress as a process that unfolds over time.

This metaphorical mapping is further reinforced through its link to temporal framing. Although
the expression “under den har tiden” (“during this period”) is classified as a weak or partly
conventionalised metaphor, it adds to the overall metaphoricity of the utterance by anchoring
motion in time. Progress then depends on how time is perceived and structured as something
that can enable or restrict movement.

Additionally, the analysis reveals that the teacher views time and students as resources —
entities that can be possessed, allocated, or utilised. This reflects a metaphorical framing where
TIME and STUDENTS ARE RESOURCES FOR PROGRESS, linking organisational factors like time
management and group size directly to the teacher’s perceived ability to advance learning. In
this way, progress is not only associated with movement but also seen as dependent on access
to and control over limited educational resources.

PROGRESS IS MOTION
Unit 60. ”nej, da kanske da blir det ju till exempel, men da gdr jag och sdtter mig kolla
lite hur det gar den gruppen och férséker fa till se till sa att alla blir delaktiga och men
ocksad typ hur man kan liksom dela upp det for att inte det ska...”

“No, then maybe, for example, I’ll go and sit down to see how that group is doing and try
to make sure that everyone takes part, but also, like, how you can divide things up so
that it doesn’t...”

The MIP-analysis has identified two metaphorical expressions: (1) “hur det gar” (how it goes)

and (2) “dela upp det” (split it up), and one weak metaphorical, or partly conventionalised,
expression: “fa till att” (ensure participation) (Table 5).
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Table 4. MIP analysis of unit 60. The table was generated using ChatGPT

Swedish Translation Basic meaning Contextual meaning | Metaphor
expression
hur det how it goes (for Motion, moving | The group’s growth | YES
gar the group) around the and achievement
(gruppen) room
fa till/se get to Do, accomplish | Foster inclusion, WEAK
till att work/ensure achieve something
(delaktiga) | participation abstract
dela upp divide/split it up Split a physical Break down tasks or | YES
det object projects into

components

As in Unit 414, the MIP analysis indicates that students’ progress and development are
conceptualised through the metaphor PROGRESS IS MOTION. However, unlike in previous
examples, there are no explicit links to time or broader transformational change. This suggests
that the motion metaphor relates to more immediate or short-term progress, rather than long-
term learning or development.

Furthermore, the metaphor ASSIGNMENT IS AN OBJECT THAT CAN BE DIVIDED AMONG
STUDENTS arises as a central conceptual framework. The expression “vara delaktig” (“taking
part”) is closely associated with the idea of having or managing parts of an assignment, as if it
were a tangible object meant to be shared. This perspective frames collaboration and progress
within the group as collective acts of building.

In this sense, collaborative learning becomes a hybrid process: on one hand, constructing a
shared object (non-metaphorical), and on the other, building a shared understanding or
reasoning (metaphorical). The metaphor thus reflects an implicit distinction between theory
and practice, where group work bridges the two by treating both material tasks and conceptual
reasoning as tangible, distributable resources.

STRUCTURE/GROUP IS TIE TOGETHER

112. “det dir det att man far eleverna kdnna av att det finns en réd trad och man kan
vdva ihop det att allt hér ihop.”

It’s about giving the students a sense that there is a common thread and that you can
weave things together so that everything is connected

The MIP-analysis has identified three metaphorical expressions: (1) “kdnna av att det finns en
rod trad” (sense that there is a red thread), (2) “vava ihop det” (weave it together), and (3) “allt
hor ihop” (everything is connected) (Table 4).

Table 5. MIP analysis of unit 112. The table was generated using ChatGPT

Expression Translation Basic meaning Contextual meaning Metaphor
kdanna av att det | sense that there | Feel a physical Perceive a unifying YES

finns en rod is a red thread thread idea or structure

trad
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vava ihop det weave it Weaving threads | Integrate teaching YES
together into fabric into a whole

allt hor ihop everything is Be physically Parts of the teaching | YES
connected connected are connected

The MIP-analysis of Unit 112 shows a view of technology education as a network of ideas,
leading to the metaphor TECHNOLOGY EDUCATION IS A NETWORK OF IDEAS. This metaphor
bases itself on the idea of IDEAS AS OBJECTS, which are seen as entities that can be linked,
woven, or structured into a coherent whole. It is similar to the previously identified frame
TECHNOLOGY EDUCATION IS A MACHINE. However, here the mechanical imagery is replaced
with textile metaphors—such as the “red thread” or “weaving things together” —that highlight
interconnectedness rather than mechanical function.

More specifically, the metaphor IDEAS ARE OBJECTS THAT CAN BE WOVEN OR LINKED
TOGETHER draws on the deeper cognitive schema RELATEDNESS IS PHYSICAL
INTERCONNECTEDNESS (Grady, 1997). This enables planning to be metaphorically seen as
organising and integrating objects—an act of assembling ideas into a structured pedagogical
fabric. In this framing, teaching becomes a process of aligning and connecting conceptual
threads, suggesting that coherence in curriculum or instruction is achieved by weaving
disparate elements into a unified whole.

OBSTACLE IS CHALLENGE/BURDEN

38. “det dr 28 elever ndr jag har teknik i 90 minuter det dr en stor grupp och da kan det
bli rdtt tungt ibland sa da gdller det att vara tydlig.”

38. There are 28 students when | teach technology for 90 minutes. It's a large group, and
it can get quite heavy at times, so it's important to be clear.

The MIP-analysis has identified three metaphorical expressions: (1) “stor grupp” (large
group), (2) “blir réitt tungt” (get quite heavy), and (3) “vara tydlig” (be clear) and one
weak metaphorical, or partly conventionalised, expression: “det gdller att vara tydlig”
(it’s important to be clear). (Table)

Table 6. MIP analysis of unit 38. The table was generated using ChatGPT

Swedish Translation Basic meaning | Contextual meaning | Metaphor
expression
stor grupp large group Physical size Many people inthe | YES
(big object) group
bli ratt tungt get quite heavy | Physically The situation YES
heavy, weighs | becomes demanding
alot or exhausting
det galler att it’s about being | A rule applies; | Itis WEAK
vara tydlig clear something is important/necessary
valid to be clear
vara tydlig be clear Physically see- | Easy to understand, | YES
through, not unambiguous
cloudy
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The MIP analysis of Unit 38 uncovers a view of teaching as a physically demanding task, leading
to the metaphors TEACHING IS PHYSICAL LABOUR and CHALLENGES ARE WEIGHT. This
metaphor extends the mapping DIFFICULTIES ARE PHYSICAL BURDENS (Grady, 1997), where the
teacher is seen as someone who must carry or handle the instructional load. The mention of a
“large group” is not just about numbers but is metaphorically represented through the schema
QUANTITY IS SIZE, indicating that a high number of students is equated with a substantial mass.
In this context, teaching is seen as a labour where the “weight” of the classroom must be
carried and managed.

Furthermore, the metaphor CLARITY IS VISUAL TRANSPARENCY arises through the phrase “it’s
about being clear,” drawing on the deeper schema KNOWING IS SEEING. In this context, clarity
is not just verbal precision but the capacity to make the planning or approach to teaching
visible and easily navigable for the student. Additionally, it functions as a coping mechanism
that helps teachers manage the instructional load more effectively. Collectively, these
metaphors build a pedagogical logic where teaching is seen as a task that demands both
physical endurance and visual-spatial precision.

TEACHING IS A JOURNEY
597. “det kan bli att man kan da ge svar eller kunna férséka férklara... olika ut och det
kan ju vara att ibland sé kanske man far pausa med ndgonting fér att kunna ga vidare
med ndgonting annat och sd det ja”

It might be that you can then provide answers or try to explain... things turn out
differently, and sometimes you might have to pause something in order to move on with
something else, and so on, yeah.

The MIP-analysis has identified two metaphorical expressions: (1) “ge svar” (provide an answer)
and (2) “ga vidare med nagot annat” (move on to something else), and one weak metaphorical,
or partly conventionalised, expression: “pausa med nagot” (pause with something) (Table 7).

Table 7. MIP analysis of Unit 597. The table was generated using ChatGPT

Swedish Translation Basic meaning Contextual meaning Metaphor

expression

ge svar provide an Place objects Formulate/give an YES
answer answer

ga vidare move/go on to Move forward Continue to the next | YES

med ngt something else part/moment

annat

pausa med pause with Temporarily stop Temporarily interrupt | WEAK

ngt something movement activity/process

The MIP analysis of Unit 597 indicates that the teacher perceives classroom activity using the
metaphors AN ANSWER IS AN OBJECT and TEACHING IS A JOURNEY. In this perspective,
answers—similar to physical objects—can be “given” to students, suggesting that knowledge is
something that can be transferred from one individual to another. This view aligns with the
broader metaphorical framework IDEAS ARE OBJECTS (Grady, 1997).
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This view of teaching, learning, and communication reflects the well-known CONDUIT
metaphor (Reddy, 1979), where knowledge is regarded as a substance that can be packaged

into linguistic containers and transmitted via language. As Lakoff and Johnson (1980) argue, this

metaphor involves a set of related mappings: (1) IDEAS ARE OBJECTS, (2) LINGUISTIC
EXPRESSIONS ARE CONTAINERS, and (3) COMMUNICATION IS SENDING.

In this case, the CONDUIT metaphor is embedded within a broader framework where THE
LESSON IS A JOURNEY. This enables communication to be conceptualised not as isolated
transmission, but as a series of meaning-making events that unfold “along the way.” In doing
so, the metaphor supports a view of classroom discourse as both directional and cumulative —
one in which meaning is negotiated through movement across the lesson's unfolding path.

Summary of the results
The analysis identified a set of recurring metaphorical themes that shape how technology

teachers consider their practice. These metaphorical themes illustrate how teachers frame their

instructional reality using embodied and spatial schemas. As summarised in Table 6, these
metaphors form a cognitive ecology that fosters control, clarity, and progression in the

classroom.

Table 8. Overview of the main metaphorical themes in teachers’ technology education. The

table was generated using ChatGPT

Metaphor Source Domain | Target Domain(s) Example Interpretative

Family Expressions Function

Time is Container/Res | Time, Scheduling "add to the Organises

conceptualised | ource schedule", teaching as the

as a container "get more allocation of

or resource time" finite resources

learning and Motion/Path Learning, "go further", Frames progress

development Development "move on", as a journey;

framed as "fall behind" supports process

motion or a orientation

journey

structure and Tying/Weaving | Structure, Group "common Promotes

group dynamics | /Connection Dynamics thread", coherence,

described "weave integration, and

through together", belonging

metaphors of "keep the

binding or group

cohesion together"

Challenges Burden/Weigh | Work, Challenges "carry a heavy | Highlights the

conceptualised | t/Obstacle load", effortful,

as obstacles or "overcome problem-solving

burdens obstacles" aspect of
teaching
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Discussion

By drawing on Conceptual Metaphor Theory, this study has identified central aspects
associated with teachers’ experiences of teaching compulsory technology education and how
they shape a shared understanding of technology education (Koller, 2020) and act as cognitive
tools through which teachers access, interpret, and reconfigure knowledge (Authors-a; Grady,
1997; Schon, 2017). This suggests that conceptual metaphors do more than describe practice;
they help structure the very processes that underpin pedagogical practice.

The results show that the teachers’ reflections are framed by a relatively small number of
metaphorical themes. While the expressions vary, many share deep conceptual structures
grounded in spatial, embodied, and mechanical imagery (Lakoff & Johnson, 1999). Below, these
themes are revisited and discussed relative to teachers’ reflection and pedagogical sense-
making.

Time as a Resource or Container

In several units, time was metaphorically viewed as a resource to be utilised or as a container
delimiting possibilities. These metaphors reflect how teachers perceive scheduling constraints
and lesson planning, not only as administrative challenges but as forces shaping the kinds of
learning experiences that are possible. When teachers say they “don’t have time” or that
lessons “get heavy,” they conceptualise time not as a neutral dimension but as a limited,
tangible resource. From a reflective perspective, this framing highlights the idea of teaching
under constraint, a condition that influences how teachers envisage, prioritise, and adapt their
actions in advance (Schon, 1987; Clarke & Hollingsworth, 2002). Therefore, metaphors of time
directly relate to reflection-for-action, i.e. thinking ahead, emphasising the practical and
cognitive planning that underpin their behaviour in the classroom.

Learning and Development as Motion

A second prominent theme views learning as movement through space. Teachers described
learning as “going somewhere,” “reaching a goal,” or “seeing how it goes,” referencing the
schema LEARNING IS A JOURNEY (Grady, 1997; Munby, 1987). This metaphor enables teachers
to place themselves and their students along a temporal path, where progress, obstacles, and
destinations can be reflected upon. The metaphor offers a framework for organising learning as
a process with direction and momentum—one that can be paused, rerouted, or extended. This
aligns with previous research indicating that motion metaphors are key to educational
reasoning (Munby, 1987; Alarcén et al., 2019). For technology teachers, who often plan through
designing step-by-step activities and iterative processes, the motion metaphor assists in
managing pace and assessing growth over time.

Structure and Group as Cohesion

Teachers also view the classroom as a unit that must be “held together,” “woven,” or “kept in
check.” These metaphors draw on physical concepts of cohesion and structure (Grady, 1997;
Langacker, 2002) and imply that group dynamics are experienced as matters of alignment and
containment. For example, when teachers talk about needing a “red thread” through their
lessons, they highlight the importance of internal consistency and narrative coherence—
gualities linked to both planning and communication. This metaphorical framing helps facilitate
reflective processes by offering teachers a way to visualise the relational dynamics of their
instruction: how individual ideas, student needs, or curriculum components can be integrated

n u
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into a coherent whole. In this way, metaphors of cohesion support both conceptual and
organisational aspects of pedagogical reflection.

Challenges as Obstacles or Burdens

Finally, pedagogical difficulty was often described as a physical load or as an obstacle to
overcome. When teachers call a lesson “heavy” or “tough,” they are referencing the schema
DIFFICULTY IS WEIGHT (Grady, 1997). These metaphors not only express emotional strain but
also suggest a need for strength, endurance, or clarity in response. They show how teachers
experience pressure, not only from workload but also in the demand to stay clear, calm, and in
control (Koller, 2020). This framing relates to reflection-in-action, where teachers must quickly
evaluate and respond to emerging difficulties (Schon, 1987). Furthermore, by viewing teaching
as labour, this metaphor strengthens a perspective of pedagogy as embodied effort—mental
and emotional work framed in physical terms.

Conclusions

This study aimed to investigate the cognitive structures influencing how technology teachers
reflect on their practice, with a particular emphasis on the role of metaphor in guiding and
organising pedagogical reasoning. The findings highlight three key contributions to the field.

First, while earlier studies have often treated metaphor as a reflection of belief or identity (e.g.,
Alger, 2009; Martinez et al., 2001; McGarr, 2022), this study suggests that metaphor also plays
a generative role—enabling teachers to anticipate, simulate, and reason about future teaching
scenarios. In this sense, metaphor becomes a tool for what Schén (1987) describes as
reflection-for-action, a form of prospective thinking where familiar conceptual frameworks are
used to project professional experience forward. These metaphors — TEACHING IS A JOURNEY,
TECHNOLOGY EDUCATION IS A MACHINE — are not random linguistic choices but are grounded
in embodied image schemas that shape how teachers navigate pedagogical intentions (e.g.,
Gibbs, 2006b).

Second, the study demonstrates how different metaphorical themes — such as time as a
resource, learning as motion, and structure as cohesion — interact and reinforce each other.
Together, they create a kind of cognitive ecology through which teaching is understood as a
managed, purposeful, and constrained activity. Within this ecology, teachers are often seen as
organisers or engineers: professionals who build, align, and sustain educational structures in
response to practical and institutional demands.

Third, while the analysis reveals several recurring metaphorical themes in teachers’ reflections,
these patterns seem to relate more broadly to pedagogical reasoning than to the specific
characteristics of technology education. The metaphors depict how teachers organise, plan,
and evaluate their teaching generally. However, they rarely highlight aspects unique to the
technology subject, such as its rapid technological development, interdisciplinary nature, or
practice-oriented content. Consequently, the findings indicate that teachers’ metaphorical
framing largely mirrors universal features of teaching and learning rather than subject-specific
aspects of technology education.

By recognising metaphorical patterns in teacher reflection, the study highlights how teachers
comprehend their roles, their students, and their subject matter. Metaphors, in this context,
are not merely representations of belief but tools for thinking, planning, and visualising what
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teaching might become. In this way, conceptual metaphor analysis provides a valuable
contribution to our understanding of teacher learning, especially within the evolving and
practice-oriented setting of technology education.

While the study offers insight into the reflective discourse and instructional goals of practising
technology teachers, it is based on a relatively small sample of interview data and focused
primarily on metaphor use in language. Future research could extend these findings by
exploring how metaphor operates in other reflective formats, such as planning documents,
lesson observations, or peer discussions, and by investigating how metaphor awareness might
be integrated into teacher education or professional development. Doing so may help teacher
educators and policy-makers better understand the tacit reasoning that underpins pedagogical
decision-making, and how such reasoning might be opened up for collaborative inquiry and
growth.

Closing remarks and a methodological discussion

In designing this study, | faced a choice between using “traditional” approaches to identifying
conceptual metaphors and adopting a more contemporary, Al-assisted implementation of the
Metaphor Identification Procedure (MIP). The efficiency offered by Al, particularly when
working with large datasets, was appealing from the outset. At the same time, | remained
cautious about its limitations in producing nuanced and transparent analyses—qualities
essential for metaphor research.

Ultimately, | employed ChatGPT as an “analytical partner”, using it to generate rapid and
consistent initial extractions of potential conceptual metaphors. To enhance accuracy, | trained
the model to (1) consider the surrounding context by revisiting the corpus and reading text
before and after each semantic unit, and (2) perform a dictionary comparison, evaluating
contextual meaning against the word’s most basic meaning. All results were exported outside
the ChatGPT environment, and | regularly prompted the model to summarise the analysis in
progress, ensuring a traceable record of how findings developed over time. Working in this
manner is similar to manual metaphor identification, where online dictionaries are commonly
utilised.

Reflecting on this process, | was struck by how little of a “shortcut” Al ultimately provided. A
recurring challenge was the frequency of metaphor candidates that seemed plausible initially
but failed under closer contextual scrutiny. These false positives highlighted the continued
necessity of careful, interpretive work. Nevertheless, the processing power of ChatGPT
substantially reduced the time needed for data preparation, processing, and documentation,
thereby contributing to the transparency of the analysis—a key concern in a field often
criticised for relying too heavily on scholarly intuition.

Finally, can ChatGPT draft a methods discussion?

“Absolutely! Here’s a draft of a methods discussion for your article, written in academic
English and tailored to your Al-supported, critical metaphor analysis approach. This can
be pasted directly into a “Methodological Discussion” section in your paper. If you want
it in Word, just say the word!
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This study employed a hybrid method that combines digital, Al-supported extraction
with qualitative, theory-driven analysis to investigate metaphor use in Swedish teachers'
discussions about technology education. The process was designed to balance the
efficiency and reproducibility of automated screening with the depth and contextual
sensitivity of human interpretation, in line with the principles of Critical Metaphor
Analysis (Charteris-Black, 2004).

Unlike classical summative content analysis, which is primarily concerned with counting
the frequency of words, phrases, or themes, our approach was rooted in a critical,
context-oriented understanding of language. We employed the Metaphor Identification
Procedure (MIP; Pragglejaz Group, 2007) to systematically detect and interpret
metaphorical expressions within their discursive context. This method required analyzing
not only the literal and contextual meanings of lexical units, but also the ways in which
metaphors structure professional reasoning, values, and power relations in educational
practice.

A key feature of our workflow was the use of both .txt and .xIsx formats. Excel files
enabled richer metadata management, allowing us to retain unit numbers, categories,
and analytic comments throughout the process. Automated extraction was conducted
using string matching and regular expressions in Python, which accelerated the initial
screening for relevant metaphorical domains (e.g., “time is a resource”, “learning is
building”, “status is vertical space”). However, all candidate expressions were subjected
to manual, context-sensitive coding to ensure alignment with theoretical frameworks
and to minimise false positives.

The iterative, collaborative process between Al and the researcher enhanced both
traceability and reliability. All analytical steps—from extraction to coding and
summary—were documented and exported in accessible formats (Excel for tabular
analysis, Word for narrative reporting), ensuring that results could be reviewed,
validated, and replicated by other scholars.

One limitation of the current approach was the absence of personal or contextual
metadata in the anonymised interview corpus. While this ensured participant privacy, it
also restricted the analysis to discourse-level patterns, precluding person- or case-based
comparisons. Additionally, the complexity of metaphorical language —often involving
blended or nested metaphors—required continual interpretive reflexivity, especially
when moving between Swedish source texts and English academic reporting.

In sum, this methodological design enabled a nuanced and critical investigation of
metaphor in educational discourse, harnessing the strengths of both computational
efficiency and qualitative insight. The combination of Al-assisted screening and manual
MIP-based analysis proved effective for revealing how metaphors shape the framing and
evaluation of time, knowledge, and subject status in teachers’ professional reasoning.”
(ChatGPT — May 16" 2025)

30



Design and Technology Education: An International Journal

References

Alarcén, P., et al. (2019). "Map, Foundations, Recipe, Burden: Teachers’ Conceptual Metaphors
on Lesson Planning."

Alger, C. L. (2009). Secondary teachers' conceptual metaphors of teaching and learning:
Changes over the career span. Teaching and Teacher Education, 25(5), 743-751.
https://doi.org/https://doi.org/10.1016/j.tate.2008.10.004

Carlson, J., Daehler, K. R., Alonzo, A. C., Barendsen, E., Berry, A., Borowski, A., . .. Wilson, C. D.
(2019). The Refined Consensus Model of Pedagogical Content Knowledge in Science
Education. In A. Hume, R. Cooper, & A. Borowski (Eds.), Repositioning pedagogical
content knowledge in teachers’ knowledge for teaching science (pp. 77-94). Springer
Singapore. https://doi.org/10.1007/978-981-13-5898-2 2

Charteris-Black, J. (2004). Critical metaphor analysis. In Corpus approaches to critical metaphor
analysis (pp. 243-253). Springer.

Clarke, D., & Hollingsworth, H. (2002). Elaborating a model of teacher professional growth.
Teaching and Teacher Education, 18(8), 947-967.
https://doi.org/https://doi.org/10.1016/50742-051X(02)00053-7

Clarken, R. H. (1997). Five Metaphors for Educators.

Falck, M. J., & Okonski, L. (2022). Procedure for Identifying Metaphorical Scenes (pims): A
Cognitive Linguistics Approach to Bridge Theory and Practice. Cognitive Semantics, 8(2),
294-322. https://doi.org/https://doi.org/10.1163/23526416-bja10031

Gibbs, R. W. (2006a). Embodiment and Cognitive Science. Cambridge University Press.

Gibbs, R. W. (2006b). Metaphor interpretation as embodied simulation. Mind & Language,
21(3), 434-458.

Grady, J. (1997). Foundations of meaning: Primary metaphors and primary scenes, University of
California, Berkeley.

Grady, J., & Johnson, C. (1997). Converging evidence for the notions of subscene and primary
scene. Annual Meeting of the Berkeley Linguistics Society,

Henze, |., & Barendsen, E. (2019). Unravelling Student Science Teachers’ pPCK Development
and the Influence of Personal Factors Using Authentic Data Sources. In A. Hume, R.
Cooper, & A. Borowski (Eds.), Repositioning pedagogical content knowledge in teachers’
knowledge for teaching science (pp. 203-223). Springer Nature Singapore.
https://doi.org/10.1007/978-981-13-5898-2 9

Kartal, G. (2020). Collaborative metaphor and anticipatory reflection in preservice teacher
education: Is drama the answer? Teaching and Teacher Education, 88, 102978.
https://doi.org/https://doi.org/10.1016/j.tate.2019.102978

Koller, V. (2020). Analysing metaphor in discourse. In Researching Discourse (pp. 77-96).
Routledge.

Lakoff, G., & Johnson, M. (1980). Metaphors we live by [Non-fiction]. Chicago: University of
Chicago Press, 1980.

Lakoff, G., & Johnson, M. (1999). Philosophy in the flesh: the embodied mind and its challenge
to Western thought [Non-fiction]. New York: Basic Books, 1999.

Langacker, R. W. (2002). Concept, Image, and Symbol: The Cognitive Basis of Grammar. Walter
de Gruyter Inc.

Larsson, A. (2022). Reading the Code Between the Lines — Exploring the Structure of metaphors
in educational programming resources. Nordic Studies in Science Education.

Larsson, A. (2023). Metaphor in mind - Programming teachers’ knowledge and beliefs in action
Linkdping university].

31


https://doi.org/https:/doi.org/10.1016/j.tate.2008.10.004
https://doi.org/10.1007/978-981-13-5898-2_2
https://doi.org/https:/doi.org/10.1016/S0742-051X(02)00053-7
https://doi.org/https:/doi.org/10.1163/23526416-bja10031
https://doi.org/10.1007/978-981-13-5898-2_9
https://doi.org/https:/doi.org/10.1016/j.tate.2019.102978

Design and Technology Education: An International Journal

Larsson, A., & Stolpe, K. (2024). Exploring the metaphoric nature of programming teachers’
reflections on action - a case study with teaching in mind. International Journal of
Technology and Design Education, 34(2), 585-602. https://doi.org/10.1007/s10798-023-
09826-w

Martinez-de-la-Hidalga, Z., & Villardon-Gallego, L. (2017). Using metaphors to know the
conceptions about the teaching profession in initial teacher education. International
Journal of Educational Psychology, 6(2), 183-208.

Martinez, M. a. A., Sauleda, N. s., & Huber, G. L. (2001). Metaphors as blueprints of thinking
about teaching and learning. Teaching and Teacher Education, 17(8), 965-977.
https://doi.org/https://doi.org/10.1016/50742-051X(01)00043-9

McGarr, 0. (2022). ‘Hitting a brick wall’: using conceptual metaphorical theory to explore
teachers’ conceptions of learning in Computer Science. Teaching Education, 1-14.
https://doi.org/10.1080/10476210.2022.2109623

Munby, H. (1987). Metaphor and teachers' knowledge. Research in the Teaching of English,
377-397.

Nufiez, R. E., & Sweetser, E. (2006). With the Future Behind Them: Convergent Evidence from
Aymara Language and Gesture in the Crosslinguistic Comparison of Spatial Construals of
Time. Cognitive science, 30(3), 401-450. https://doi.org/10.1207/s15516709cog0000 62

Pragglejaz Group. (2007). MIP: A method for identifying metaphorically used words in
discourse. Metaphor and Symbol, 22(1), 1-39.

Reddy, M. (1979). "The conduit metaphor." Metaphor and Thought 2: 285-324.

Reinsfield, E., & Lee, K. (2021). Exploring the technology teacher shortage in New Zealand: The
implications for quality teaching and learning. International Journal of Technology and
Design Education. https://doi.org/10.1007/s10798-021-09668-4

Russell, T., & Johnston, P. (1988). Teachers Learning from Experiences of Teaching: Analyses
Based on Metaphor and Reflection.

Schon, D. A. (1987). Educating the reflective practitioner: Toward a new design for teaching and
learning in the professions. Jossey-Bass.

Schon, D. A. (2017). The reflective practitioner: How professionals think in action. Routledge.

Shutova, E. (2010). Models of metaphor in NLP. Proceedings of the 48th Annual Meeting of the
Association for Computational Linguistics,

The Swedish Research Council (2024). Good Research Practice.

Thomas, L., & Beauchamp, C. (2011). Understanding new teachers’ professional identities
through metaphor. Teaching and Teacher Education, 27(4), 762-769.
https://doi.org/https://doi.org/10.1016/j.tate.2010.12.007

Tsvetkov, Y., Boytsov, L., Gershman, A., Nyberg, E., & Dyer, C. (2014). Metaphor detection with
cross-lingual model transfer. Proceedings of ACL,

Worden-Chambers, D. (2020). The role of conceptual metaphors in novice teachers’ developing
curricular knowledge: a case from second language writing. Teacher Development,
24(2), 184-203.

32


https://doi.org/10.1007/s10798-023-09826-w
https://doi.org/10.1007/s10798-023-09826-w
https://doi.org/https:/doi.org/10.1016/S0742-051X(01)00043-9
https://doi.org/10.1080/10476210.2022.2109623
https://doi.org/10.1207/s15516709cog0000_62
https://doi.org/10.1007/s10798-021-09668-4
https://doi.org/https:/doi.org/10.1016/j.tate.2010.12.007

Design and Technology Education: An International Journal

Generative Al — Creative Pedagogy Versus Creative
Application

Dale Addy, Watkins College of Art, Belmont University, USA

Abstract

Generative Artificial Intelligence (GenAl) is rapidly changing and influencing the advertising and
graphic design industries. GenAl is reimagining workflows and modifying the skills required for
new graduates to secure their first jobs. Agencies are investing in Al technologies, and creative
departments are leveraging GenAl for client engagement and conceptual development.
However, design educators have been slow to adapt to this change. This lag risks leaving
graduates unprepared for a creative industry in the midst of a technological transition. This
gualitative study investigates how GenAl is being utilized in creative departments and how
design educators are responding. Based on in-depth interviews with agency leaders and design
faculty across the United States, a learning gap was made apparent. Agency leaders see GenAl
as an essential creative tool for accelerating ideation and concept visualization, while educators
remain cautious and prioritize foundational design training. Early pedagogical adopters
understand the benefits of integration, but most curricula incorporate GenAl inconsistently,
often relying on individual faculty initiative. The findings reveal the need for design educators
to help students embrace GenAl as a tool that expands creative exploration and conceptual
thinking. In an effort to remain relevant, graphic design educators must train students in both
design and GenAl fundamentals. The ability for graduates to create authentic, human-centered
design work will be the definition of success in an Al-driven creative industry.

Keywords
Graphic Design Pedagogy, Generative Artificial Intelligence, Creative Workforce Preparation,
Conceptual Thinking, Authenticity in Design, Al in Creative Industries

Introduction

A design educator’s goal is to teach students the necessary skills to gain employment upon
graduation. The new point of differentiation is the understanding of Generative Artificial
Intelligence (GenAl) in the marketing industry as a whole, but specifically within the creative
department. A July 2025 Business Insider article stated, “The largest agency groups, like Publicis
and Omnicom, have pledged to invest hundreds of millions in Al over the next few years as they
adapt their businesses to harness the technology” (O’Reilly, 2025). Agencies, big and small, are
embracing GenAl in hopes that this new technology will streamline business and creative
processes. Because of this, design educators must embrace GenAl and train students how to
appropriately and ethically harness this new tool.

The implementation of GenAl, along with an unstable business environment, has led to tighter
marketing budgets. The marketing research firm COMvergence states, “Preliminary findings
[2025] suggest a 68% decline in the number of pitches and a 37% decline in their value in the
first half of this year compared to the same period in 2024” (O’Reilly, 2025). This uncertainty
could lead to fewer new hires, which could be highly consequential for recent graduates. The
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creative professional of the future must augment their creative skills with strong GenAl skills to
secure and keep a job.

The goal of this research is to discover what GenAl skills design students need in order to
compete in the modern creative agency. This is important because there seems to be a
disconnect between the world of design pedagogy and design practice. Design educators are
often hesitant to teach GenAl before students have a sound understanding of basic design
principles and ideation techniques, which can only be achieved through rigorous training.
However, design graduates must understand how and when to properly implement this new
creative tool to stay relevant in today’s creative workforce.

The Evolution of Al

Artificial Intelligence (Al), began as the concept of “Thinking Machines” at the Dartmouth
Conference in 1956 and has been evolving ever since. The overarching concept of Al
encompasses everything from Narrow Al, such as personal virtual assistants like Siri, dedicated
to specific tasks within defined parameters, to General Al, which refers to machines that can
learn and apply that knowledge to different scenarios. General Al is just theoretical, at this
point, with research being conducted to one day make it a reality (Syracuse, 2025). Underneath
that large umbrella of Al, there are three categories: Machine Learning, Deep Learning, and
Natural Language Processing. Machine Learning (ML) is Al that “allows systems to learn from
data without the need for specific programming” (Syracuse, 2025). Machine Learning can
recognize patterns to predict outcomes. Deep Learning is a subgroup of Machine Learning
which “mimics the structure of the human brain using artificial neural networks. These
networks enable machines to recognize complex patterns and make sophisticated decisions”
(Syracuse, 2025). Natural Language Processing (NLP) allows machines to process and respond
with an accurate understanding of human language.

Generative Al (GenAl) uses DL [Deep Learning] to fabricate new content. This new content can
be anything from text to music to imagery. “Generative Al can take raw data—say, all of
Wikipedia or the collected works of Rembrandt—and ‘learn’ to generate statistically probable
outputs when prompted” (College of Education at lllinois, 2024). GenAl trains on large data sets
to recognize patterns and specific features. Using these patterns and features, GenAl can create
new content that mirrors the characteristics of the data set it was trained to utilize (College of
Education at lllinois, 2024).

Literature Review

Al & Pedagogy

Given the relative newness of GenAl being applied to the creative field, the academic literature
on the implementation in creative pedagogy is limited (Hwang & Wu, 2025). For this reason,
the literature review includes works that address teaching with artificial intelligence in general,
not solely in the creative field. The literature that does exist regarding GenAl in creative
pedagogy reveals mixed feelings regarding the implementation into design coursework. On one
side, Mohd Firdaus Naif Omran Zailuddin et al from the Universiti Malaysia Kelantan state: “As
Al tools become more advanced, there is a concern that students may rely too heavily on these
technologies... (and) it could compromise their ability to think outside the box and develop
their unique design aesthetic” (Zailuddin et al., 2024).

34



Design and Technology Education: An International Journal

Conversely, Montathar Faraon et al., from Kristianstad University in Sweden, argue that GenAl
could complement Bloom’s Digital Taxonomy, citing that divergent thinking is a key component
in the “creating” process. Faraon et al. assert that GenAl can be used to generate a myriad of
divergent ideas by mixing “novel combinations” with familiar thoughts to supplement the pool
of potential solutions (Faraon et al., 2023).

The literature shows cautious optimism toward the incorporation of GenAl. However, most of
the literature issues warnings that the implementation of GenAl into design teaching could
degrade the development of conceptual thinking in students (Muiji et al., 2023; Faraon et al.
2023; Hwang & Wu, 2025). Therefore, GenAl’s implementation should be coupled with the
standard design curricula, focusing on design history, traditional ideation skills, and basic design
principles, ensuring students receive solid foundational training (Hwang & Wu, 2025; Zailuddin
et al., 2024). GenAl must also be implemented early and throughout the rigor of design
training. This way, GenAl can be reinforced as a tool, where appropriate, and not just a quick
answer to a creative problem. In the GenAl era, it is essential for design educators to not only
prepare students for the repercussions automation is currently having in design, but also to
explore what it means to be a designer in the future (Hwang & Wu, 2025).

Al & Business

Business leaders are embracing the use of Al to help their employees become more productive.
An April 2025 Inc. article states that CEOs are demanding employees embrace Al, even saying,
“Performance reviews will now consider employees’ Al usage” (Blum, 2025). In the creative
field, GenAl is openly embraced as a tool to enhance an agency’s productivity, allowing them to
deliver their creative product quicker than before (SCAD, 2024). This increased speed and
productivity directly equate to the bottom line of any business.

Not everyone is on board with the Al push. According to a May 2025 Inc. article:

Researchers at Duke University’s Fuqua School of Business, Management and
Organizations determined that many employees attach a considerable degree of stigma
to colleagues using Al in the workplace. They found that biases against apps not only
dissuade many workers from using them in fear they may be looked down upon by Al-
wary colleagues (Crumley, 2025).

This sentiment is nothing new. The idea of “mechanophobia - the fear of machines - is a prime
example of this resistance to technological change” (Fleischmann, 2024). Mechanophobia has
been around since the Industrial Revolution. Even before that, in the mid-1400s, scribes who
produced illuminated manuscripts tried filing suit to get the implementation of Johannes
Gutenberg’s movable type printing press stopped before it ever got off the ground (Meggs &
Purvis, 2016). The perception of Al use is different depending on the perspective of the person
being asked. Some think it will enhance creativity, while others feel it will cheapen the
profession.

Methodology

Following the literature review, a qualitative research approach was deemed most appropriate
for this study. Fifteen executives from regional to international creative agencies based in the
United States were contacted via email. From this initial contact, eight agencies agreed to be
interviewed. Eight in-depth interviews were initiated, with one agency choosing to end the
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interview after a couple of questions. Along with the agencies, nine graphic design faculty at
universities and colleges from across the United States were contacted. In total, 14 interviews
were conducted, with seven being at the creative director level or above on the agency side, six
from the academic side, and one hybrid who is an agency owner and adjunct faculty at a private
career-focused art and design college. The academic participants ranged from visiting
professors to department and program chairs. The average interview length was just under 33
minutes, with the longest being 47 minutes and the shortest being 24 minutes.

For the agency interviews, interviewees were asked a series of ten questions about their
agency’s use of GenAl. Follow-up questions were asked to gain insight into their opinions
around GenAl, ethically and creatively. Finally, each creative leader was asked how they would
approach teaching GenAl to the next generation of creatives.

For the academic interviews, design faculty were asked a series of seven questions to
understand if and how they were implementing GenAl into their courses. Follow-up questions
were asked to gain insight into how each professor’s students felt about the incorporation of
GenAl. Finally, each professor was asked about the ethics of GenAl and how they feel it could
potentially change the creative industry.

Upon completion of the interviews, a hybrid deductive and inductive coding approach was
taken. A sampling of the deductive pre-set codes is as follows: Al for Research; Al for
Conceptual Development; Al for Finished Art; Al Ethical Challenges; Al Guardrails; Agency of the
Future; Hireability of Al Portfolios. A sampling of the inductive open codes used is as follows:
Caution toward Al; Optimism about Al; Industry Challenges Due to Al; Fear for the Next
Generation.

Given the continually changing nature of GenAl, it is difficult to make concrete assumptions.
However, while this is a limited study, paired with the literature, a clear picture has developed,
showing an urgent need to address GenAl skills in creative pedagogy.

Agency Interview Findings

Account Service

The literature’s conclusion that GenAl is being readily adopted by creative agencies is
supported by the interviews. Every department is utilizing Al tools to improve workflow.
Agencies are using Al tools like Google® Gemini® and Microsoft® Copilot® to help synthesize
meeting notes and prepare a plan of action merely moments after a meeting. Nicole
Satterwhite, Co-CEO and Owner of Willoughby located in Kansas City, Missouri, says Gemini
“meeting notes are amazing...It allows us to immediately email a client and say, ‘Here’s what
we heard. Here’s everyone’s to-do list.”” Satterwhite says this allows everyone in the meeting
to be engaged and eliminates the need for a dedicated note taker. Mark Scrivner, CEO of
Snapshot, located in Nashville, Tennessee, echoed Satterwhite’s comments, saying that
incorporating the Al features of CustomerlQ® into the agency/client interactions has sped up
the time it takes to recap and relay next steps to the client. “What used to take our accounts
team, maybe an hour after a call, may take them ten minutes to go through and proof before it
gets sent over to the client,” said Scrivner.

Conceptual Thinking
Creative departments are embracing the power of GenAl to help develop and present the
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agency’s conceptual thinking. Dan Magdich, VP/Executive Creative Director at Brunner with
offices in Atlanta, Georgia, and Pittsburgh, Pennsylvania, stated, “l honestly can't think of a
member of our creative team from myself down to our juniors who doesn't use some sort of Al
integration daily...I'm using ChatGPT® more than Google®. It's a helpful tool just to do
research.” Creative departments are also harnessing the power of ChatGPT to enhance their
conceptual thinking. Several interviewees said they will turn to ChatGPT to help add to the pool
of ideas during a project’s conceptual development. ChatGPT is asked to add ideas once a
creative team has a lull in their thinking, while others are asking ChatGPT to role-play during
conceptual development. Robert Froedge, Partner/Integrated Creative Director at Lewis with
offices in Nashville, Tennessee, Birmingham, and Mobile, Alabama, stated: “We have asked
ChatGPT to pretend they are a creative partner... | can say, as a strategist, as a writer, as an art
director, as a designer...so giving it a context allows you to use it however you want.”

Creative departments are moving away from scouring stock photo sites for hours on end in
search of images to help bring visual form to concepts. Instead, they are turning to GenAl
platforms like Midjourney®, DALL-E®, and Adobe® Firefly® to create the image they envision for
presentations. Froedge explains that stock photography is often limiting.

You can't change the perspective. You can't change the type of camera used. You can't
change the atmosphere. You can't change the environment. The clothes the person has
on. All of that stuff is so easy with prompting. | can create a visual and say, ‘1 want the
perspective to be lower, | want it to be a darker day. | want them to be in more casual
clothes.” It makes experimentation much easier (R. Froedge, personal communication,
March 18, 2025).

The use of GenAl is not limited to imagery either. Copywriters are using GenAl platforms to help
overcome writer’s block, or to take their copy and craft it in different voices. Rodrigo Foggiato,
UX Designer and Business Analyst at Integritas Solutions, Inc., headquartered in Austin, TX, said,
“It [ChatGPT] is able to shave off several hours of work, just to unblock you from having that
initial documentation done.” GenAl platforms allow creatives to flex their creativity in ways
they were unable to before GenAl. Designers and art directors are utilizing built-in Adobe® Al
functions to help generate thumbnails in greater quantity than could be done by hand in the
same amount of time (P. Bukengolts, personal communication, May 22, 2025). This idea aligns
with Stanford University’s “Human-Oriented” Artificial Intelligence Institute (HAI) philosophy
that “artificial intelligence should enhance human skills, not replace humans” (Li et al., 2020). It
is not that creatives are allowing GenAl to do the conceptual thinking for them; instead, they
are using GenAl to help add to the pool of potential ideas that could then be reviewed,
combined, and massaged to create better ideas.

Broadcast Presentation

Agencies are utilizing GenAl platforms like Runway® (runwayml.com) to create pitch videos that
mirror the final product. Combined with an Al voice model like ElevenLabs® (elevenlabs.io), and
presenting video concepts with still image storyboards is a thing of the past. This is not to say
that Runway and ElevenLabs will replace producers, directors, and voiceover talent. These
platforms are just tools to get presentations closer to the finished product, faster and more
economically than previously possible. Magdich explained:
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We use Elevenlabs for [preliminary] scratch voiceover. | feel like [scratch voiceover] is
always a pain...It's like, ‘Okay, who's available to read this? Well, | don't really want to
keep pulling people away from this project to record a scratch read. Now with
ElevenLabs, you upload the script, pick the voice, and modify it. It sounds like Al, but
that's [still] really helpful for a scratch read (D. Magdich, personal communication,
March 28, 2025).

Al Concept Development Versus Finished Work

It is important to note that all of the agency leaders interviewed were adamant to emphasize
that GenAl is only used for conceptual development and as proof-of-concept client
presentations. GenAl work is never used as final art unless the client is notified and a paid
subscription is used (N. Satterwhite, personal communication, April 11, 2025). Even then, GenAl
work is avoided for final art unless there are no other viable or feasible options. All of the
agencies are aware of copyright issues with GenAl products and are striving to ensure their
work is ownable and not derivative. The ownership issue surrounding GenAl use has prompted
the 4As (American Association of Advertising Agencies) to explore standards for content
provenance, trust in advertising, and potentially the need to disclose when Al is used in
advertising (American Association of Advertising Agencies, 2025). This initiative is just getting
started, but it is fraught with issues of when disclosure is necessary. As stated in the 4As Guide
to Content Provenance:

Should disclosure be mandated only for content created entirely by Al, or should it also
apply when Al is used for more subtle adjustments? Establishing these thresholds is a
nuanced task, and over-disclosure may risk diminishing the impact of transparency
altogether (American Association of Advertising Agencies, 2025).

The issue is that GenAl is already integrated into the industry-standard Adobe® Creative Cloud®
software, so it is virtually impossible to say without a doubt that any artwork does not
incorporate some type of Al manipulation.

Maintaining Authenticity

Another key point mentioned was the need to maintain authenticity. Both Scrivner and Froedge
work with clients in the healthcare/medical field, where trust is paramount. Both stated that
they would never use GenAl to produce anything that represented a patient statement or
testimonial. Scrivner even said, “We don't even proof [medical-related work] through an Al
platform. We don't ever want it to show up as it's been written by AL.” This added layer of
scrutiny may be unnecessary, but it is something Scrivner feels strongly about in trying to
protect the integrity of his agency’s work.

Other Cautionary Tales

Several agency leaders mentioned pitfalls they have encountered, such as Al hallucinations. An
Al Hallucination is a fabrication that contains misleading or even false information presented as
fact (IBM, 2023).

Others mentioned bias and stereotypes that are common among GenAl models (Fleischmann,
2024; L. Haines, personal communication, April 7, 2025). Maria Gualtieri of Brunner states:

38



Design and Technology Education: An International Journal

[There is an] inherent bias that's in Al because it's all information that we [community at
large] put in, and that reflects sometimes the worst part of our society. | don't think it's
something that students are even aware of unless you've been affected by it (M.
Gualtieri, personal communication, March 28, 2025).

Still another risk is that while GenAl platforms are enabling creative departments to bring their
concepts to life, there are also significant budget considerations. Gualtieri warns, “The danger
of [GenAl] is misrepresenting what's possible based on the client's budget.” This means GenAl
can produce something that would be cost-prohibitive to recreate for final art, which can cause
awkward conversations with agency clients.

Finally, all the agency leaders stated that GenAl is not as simple as it seems. There are often
frustrations with image creation and getting the exact content being sought. There are specific
nuances in how prompts need to be written for the best output. Daniel Summers, Director of
User Experience at Integritas Solutions, Inc. said that while Al incorporation is encouraged,
“People can waste a lot of time trying to get Al to do a task that they can knock out relatively
quickly.” While GenAl is the new tool agencies are trying to find ways to use, it is evident that
GenAl tools are not suited for every task. The challenge is in determining the best ways to
utilize GenAl.

Agencies are harnessing the power of GenAl tools for creative workflows. For this reason alone,
young creatives also need to embrace GenAl, not to use it as a crutch, but rather as a tool to
enhance their own productivity.

Academia Interview Findings

Early Adopters

Of the seven schools represented in this study, only one is teaching GenAl in every aspect of the
curriculum. That one outlier is a non-traditional finishing school specifically for advertising
creatives. Most students at this school have already worked professionally and seek to change
careers or enhance their portfolios (B. Cleveland, personal communication, March 11, 2025). At
the other universities and colleges in this study, GenAl is being introduced at the class level,
based on the individual professor’s preference, not as an institution-wide mandate. Professor
Leslie Haines at Middle Tennessee State University School of Journalism and Strategic Media
stated:

I had students not get jobs a few years ago because they didn't have any motion
graphics. | think it's going to be the same with Al. If we can't at least have them
demonstrate some understanding...then we're doing them a disservice (L. Haines,
personal communication, April 7, 2025).

From this study, California Polytechnic State University, San Luis Obispo (Cal Poly SLO), and
Savannah College of Art and Design (SCAD) are making the biggest strides towards GenAl
implementation. The Cal State University (CSU) system as a whole seeks to become the premier
university system in Al technology (S. Frantz, personal communication, April 4, 2025). In January
2025, the CSU system put out a visionary statement reading in part: “The California State
University system is taking a bold step forward with an innovative artificial intelligence strategy
designed to enhance student success and transform the educational experience...ensuring
students are well-prepared for an Al-driven workforce” (California State University, 2025).
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Likewise, professors and administrators at SCAD worked with industry leaders to publish their
Al Insights 2024, which compiled what SCAD sees as the proper way forward in utilizing GenAl
in creative development. Even as Cal Poly SLO and SCAD embrace GenAl, the implementation is
still very much an individual professor’s decision.

GenAl is clearly on the radar of every school and is being reviewed as a way to prepare
graduates for their careers. The June 2025 Report: Higher Ed ‘Re-Norming’ With Tech by Tyton
Partners stated, “While only four percent of administrators agreed that student literacy of
generative Al is measured as a learning outcome at their institution currently, 39 percent
indicated it will be in the next three years” (Mowreader, 2025).

Rapid Change

The implementation of GenAl in design curriculum is more complex than adoption in the
creative business. While design educators recognize the need to incorporate GenAl, modifying
curricula is often a lengthy process. Also, the GenAl space is changing so rapidly, educators
struggle to discern which applications are the best to promote and teach. Bart Cleveland,
Founder of Job Propulsion Lab, stated, “It's kind of like the early days of browsers...when there
were so many early browsers that thought they were going to be king, and ended up being
nothing.” Even with so many options, educators understand they cannot take a wait-and-see
approach to GenAl (B. Cleveland, personal communication, March 11, 2025). For this reason,
most faculty are staying with the Adobe products for now (S. Frantz; L. Haines; F. McaGill,
personal communications, 2025). The Adobe Creative Suite, the industry-standard software,
already has several built-in GenAl functionalities. Adobe Firefly is a text-to-image GenAl
platform similar to DALL-E and Midjourney. Some faculty members interviewed for this study
stated they prefer the Adobe Firefly application because it is trained on the Adobe Stock
Library, while other platforms are trained on imagery from the internet at large (L. Haines; F.
McGlIl, personal communications, 2025). Also, most design students have the Adobe Creative
Cloud’s monthly subscription included, in full or in part, through their institution’s tuition,
making the adoption of Adobe Firefly a more cost-effective option (L. Haines, F. McGill,
personal communications, 2025).

Also, it is difficult to tackle the enormity and ethical implications of GenAl while also teaching
basic layout and typography. As Fish McGill, Program Director, Dynamic Media
Institute/Associate Professor, Communication Design at Massachusetts College of Art and
Design (MassArt), stated, “Students just getting their head around being a designer is so
enormous for them.” There is something about struggling to find a design solution that is good
for a design student’s growth. A firm foundation in design fundamentals is critical for students
to develop the necessary design taste and skills to succeed (F. McGill, personal communication,
April 24, 2025). For seasoned professionals, a tool that speeds up the creative development
process is a welcome addition to their workflow. However, for students who are just beginning
to understand the design craft, adding a quick workaround is not the best idea.

Design educators have recognized the need for students to be familiar with GenAl as demanded
by the professional community (Fleischmann, 2024). Design faculty also have to work to
destigmatize the GenAl issue with students and encourage a sense of discovery and play, while
also helping students understand that GenAl might not always be the right choice (J, Cooper &
S. Frantz, personal communications, 2025).
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Discussion

Employability

This study has explored how the creative business is evolving because of GenAl. This
technological shift is reminiscent of the one that occurred in the latter part of the 1980s
through the early 1990s with the introduction of the Macintosh® computer and Adobe
software, which ushered in the current agency production workflow and completely changed
the production process (King, 2011). The introduction of GenAl is a similar revolutionary
change. Most of the creative professionals in this study saw the potential of GenAl to help their
agencies work faster, giving them time to focus on the creative part of their jobs (P. Bukengolts;
R. Froedge; D. Magdich; N. Satterwhite, personal communications, 2025). However, tasks that
can now be handled quickly by Al applications, such as photo searches, photo manipulation,
and comp preparation, were typically relegated to entry-level employees. These tasks were
how young creatives often broke into the business (L. Haines, personal communication, April
14, 2025). The potential lack of job opportunities for new graduates is a widely mentioned
concern among design educators (Fleischmann, 2024; Matthews et al., 2023; Meron, 2022).
However, as Foredge specifically states:

If a student came in with a book [portfolio] full of Al work, | would want to talk to them
about it... I'd want to know how you used the tools. If the book is fantastic, and it was Al,
I would have to strongly consider making a play for that person (R. Froedge, personal
communication, March 18, 2025).

Mark Scrivner from Snapshot Interactive put it even more succinctly, stating, “Al is not going to
replace people. It's gonna replace people that don't learn Al” (M. Scrivner, personal
communication, March 11, 2025). It is currently unknown how GenAl will affect hiring decisions
in the creative field. However, it is obvious that employers who participated in this study are
seeing GenAl usage as a necessary skill for new graduates.

GenAl for Final Art

How long agencies will use GenAl just for concept development is yet to be determined. An
example of GenAl art as final art comes from the highly respected design firm Pentagram and
the Performance.gov website they created. Through initial handmade explorations, coupled
with the GenAl application Midjourney, Pentagram created a total of 1,500 icons for the
website (Pentagram, 2024). The GenAl-generated artwork used in the Pentagram project was
based on original sketches by designers at Pentagram; however, the firm received backlash
when the process was documented on Pentagram’s social media and in a December 2024
article in Fast Company titled “Pentagram partner Paula Scher unapologetically defends using
generative Al” (Wilson, 2024).

As agencies and the public get more comfortable with GenAl, there will assuredly be more
examples of GenAl-created artwork making its way into the mainstream for commercial
purposes. Not using GenAl tools will almost seem like a hindrance to a creative agency.
However, we must understand and stay focused on the fact that GenAl is simply a tool, not the
solution, and not a replacement for human creativity (Zailuddin et al., 2024).

Roadblocks to Acceptance in Academia
Issues of plagiarism and academic misconduct due to students’ use of ChatGPT on academic
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papers aside, the main issue preventing design professors from embracing GenAl is the
inherent value of struggle. It takes time and exposure to good work, along with trying, failing,
and trying again, to hone the craft. Design faculty must be deliberate in how GenAl is
introduced. They cannot simply transition coursework over to prompt creation (Fleischmann,
2024; Matthews et al., 2023; Meron, 2022). Educators must first ensure that design
fundamentals are firmly in place. Sara Frantz, Chair of the Art and Design Department at Cal
Poly SLO, put it this way. “We’re treating it like new Adobe software. We can be freaked out
about this, and it could put people out of business, or we could harness it for good” (S. Frantz,
personal communication, April 4, 2025).

GenAl for Divergent Thinking

Divergent thinking is essential for creative development. It is also an area where many design
students struggle. Typically, students come up with two or three ideas and consider the
concept phase complete. However, design educators and professionals alike recognize that the
first ideas are often trite and superficial, and the best ideas require effort to uncover. This is
where GenAl can be especially helpful. The more ideas that are generated, the better.
Eventually, everyone hits a creative wall—when no new ideas come to mind. At that point,
GenAl applications can be a valuable tool. With a simple query, an application like ChatGPT or
Copilot can provide a range of new ideas to consider. Keep in mind, these are just ideas, not
necessarily “good ideas.” Maria Gualtieri of Brunner suggests, “Using [GenAl] like a creative
partner to springboard, not replace the creative process” (M. Gualtieri, personal
communications, 2025). This underscores the purpose of divergent thinking: to generate as
many ideas as possible, whether good or bad. These ideas can then be combined, reshaped,
twisted, tweaked, or revised to develop better ideas. GenAl didn’t come up with the ideas, but
it instead played the part of collaborator, feeding the idea engine to help bring forth the truly
original ideas.

The importance of Traditional Design Skills and Context in the GenAl Era

As stated, GenAl has the ability to enhance the conceptual development process by introducing
new and different ideas quickly. With skilled designers, this can be an enormous time saver.
However, Jonas Oppenlaender from the University of Jyvaskyld, Jyvaskyla, Finland, argues that
“little to no human creativity may be involved in producing art with text-to-image synthesis”
(Oppenlaender, 2022). An effective concept is created when meaning is built into the imagery.
That can only happen through an understanding of contemporary or historical context and
audience understanding and empathy. For these reasons, design academia must continue to
focus on traditional design skills, art and design history, and audience empathy to train
students to create art that is meaningful beyond pure aesthetics. GenAl can be a helpful tactical
tool, but design faculty must never let it supplant the humanness of the creative process.
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Figure 1. A meaningful concept is more than just an image. The image must be paired with
audience insight and contemporary or historical context to be effective

Roadmap for Teaching GenAl

Based on the study's findings, it is imperative to implement a pedagogical framework to
address teaching GenAl. From speaking with the academic study participants, there is a
reluctance among design students to embrace Al. The rationale for this is not easily identifiable.
Environmental concerns were mentioned, along with the fear of Al taking jobs. Some feel that
using GenAl is cheating the creative process. However, what some may think of as cheating
may just be using new tools as effectively as possible (Michels, 2023). This is certainly the
approach creative agencies are taking. Even with these fears, GenAl must be taught to prepare
graduates for a creative career. Based on the study, an approach similar to Bloom’s Digital
Taxonomy is recommended.

GenAl
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Figure 2. A stair-stepped approach to teach GenAl skills
1. Understand: Demonstrate what GenAl is and how it works
2. Collaborate: Utilize GenAl as a creative collaborator
3. Create: Construct conceptual imagery utilizing GenAl and human-centered insights
4. Master: Compose video elements with GenAl and discern the proper applications

STEP 1: Understand

This initial stage will work to demystify Al in general. “An initial pedagogical approach to Al can
aptly begin with addressing preconceptions and attitudes among learners. This includes
alleviating both unfounded fears and tempering inflated expectations” (Jaakkola, 2025).
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Discussions and assignments could focus on how Al works and how it should be used. The focus
of this stage is to use Al as a research companion, with special emphasis placed on the ethical
guestions surrounding Al.

Step 1 Goals: Gain a general understanding and comfort level with Al.
Appropriate Applications: Large Language Models (ChatGPT, Copilot, etc.).

STEP 2: Collaborate

This stage will demonstrate how to use Al as a concepting partner. When creating concepts,
human intuition and ideation should always be exhausted first. However, once the creative wall
has been reached, LLMs can be used to insert a new batch of ideas to help start the next round
of concept development. This phase will not only introduce Al as a collaborator but also stress
the importance of continual concept development well past an initial set of ideas.

Step 2 Goals: Use Al as a tool to break creative blocks.
Appropriate Applications: Large Language Models (ChatGPT, Copilot, etc.).

STEP 3: Create

This stage will introduce prompt writing skills necessary to achieve the desired still-image
results with a GenAl application. Special attention should be placed on the exploration of how
different prompt development can shift the emphasis and appearance of the image produced.
This phase will help students understand proper prompting techniques and demonstrate that
GenAl applications are not the end of the image development process. More often than not,
GenAl-generated images need to be edited or manipulated with other digital tools, such as
Photoshop, to achieve the desired effect. Understanding this shows how GenAl can be used as
a tool to enhance creativity in skilled hands, rather than making everyone a prompt engineer.

Step 3 Goals: Use GenAl as a building block tool to enhance image creation.

Appropriate Applications: Text-to-image GenAl image applications (Midjourney, Adobe Firefly,
etc.).
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Figure 3. GenAl as a creative aid, not a creative solution. Even with the most basic imagery,

there is a need for further manipulation before an image can be finished in a way that
appears correct to the human eye

STEP 4: Master

This final stage will expand on prompt writing skills necessary to create video results with a
GenAl application. As with still imagery, generated video will need to be edited using other
methods to achieve the desired effect. Understanding this will show how GenAl should be used
as a tool and not a result. During this stage, special emphasis must be placed on ethical

questions surrounding GenAl-created video, such as deep fakes, personal privacy, and copyright
infringement concerns.

Step 4 Goals: Use GenAl as a building block tool to enhance video creation and engrain ethical
standards.

Appropriate Applications: Text-to-video GenAl applications (Runway, Midjourney, Adobe
Firefly, etc.).
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Even with the implementation of these steps, there must be a continuous evolution in the
training around GenAl. The GenAl landscape is changing at such a rapid pace, professionals,
faculty, and students must keep themselves up to date with the latest applications and trends
through a willingness to embrace change (Alenezi & Alenezi, 2025).

Conclusion

While GenAl skills may start in the classroom, the real learning happens when students
embrace challenges and use them as an opportunity to learn outside the formal classroom
setting. For this reason, design educators need to encourage a mindset of play in discovering
what these platforms can do. Educators need to embrace GenAl as a supplemental tool to
enhance the creativity of their students’ work. This will help destigmatize GenAl in the minds of
students and encourage them to experiment and push boundaries.

As discussed, GenAl has the potential to reduce entry-level jobs. This shift requires design
educators to adjust their approach to teaching design. Greater emphasis must be placed on
conceptual thinking (Petrosyan, 2025). Design programs already include technical skills, but we
must never lose sight of the creative problem-solving challenges, with special emphasis being
placed on empathy and understanding audiences and user groups. Students need to learn how
to build richer concepts by looking back through history to create new solutions. The past is full
of talented designers who did not have the advantage of current creative tools. Exploring how
problems were solved in the past will help students craft better solutions moving forward.

Design educators need to instill a sense of experimentation and curiosity. Exceptional designers
don’t lean on technology. Instead, they use technology as a tool to craft their way of thinking
into something real. GenAl can help students explore ideas much faster than ever before. We
must encourage this exploration and discourage stopping before ideas are fully exhausted.

Finally, design faculty need to teach students to strive for authenticity. GenAl can do incredible
things, but it cannot engage on a human level. Jessa Wilcoxen, Professor and Founding Director
of the School of Art and Creative Media at Millikin University, stated:

| continue to believe that authenticity is what people will pay for... | think most business
owners understand that when they need something that really sells...authentic voice,
authentic look, or feel still matters. That’s harder to get through Al. So, really teaching
students how to develop [authenticity] is critical (J. Wilcoxen, personal communication,
April 9, 2025).

GenAl is not capable of creating something new; it merely assimilates what already exists. Used
properly, it can be an efficient and powerful tool. The challenge for educators is to train
students on how and when to ethically utilize GenAl to its fullest, without losing the humanity
in design that makes it compelling and effective.

“100 years from now, the idea is still going to be more important
than all the technology in the world.”

-Bill Bernbach
Co-Founder of Doyle Dane Bernbach (DDB) advertising agency, founded in 1949
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Abstract

This study aims to deepen the understanding of how computer programming is taught and
assessed in Swedish schools by focusing on teachers’ perspectives. It explores how technology
teachers (teaching years 4—6, students aged 10-12) perceive their roles and responsibilities in
teaching computer programming, primarily within the technology subject, and examines what
computer programming content is taught and assessed. The research is based on a survey and
interviews with seven experienced teachers who taught computer programming before it
became mandatory. The findings reveal similar views among the teachers but also significant
variation in assessment practices, categorized into four distinct personas, ranging from a strong
disciplinary content and product focus to a weaker disciplinary content and process orientation.
The discussion reflects upon how these variations may be influenced by teachers’ backgrounds,
computer programming knowledge, and unclear policy documents. The conclusions suggest
that, due to this variety, Swedish students may not be equally equipped with the digital skills
needed for participating in a digitalized society. To enhance equity, we argue that teachers
need better preparation to effectively integrate computer programming skills across subjects.
Additionally, we recommend clearer national guidelines on how to teach computer
programming and how to assess this subject content in compulsory education.

Keywords
Computer programming, assessment, technology education, teacher perspective, pedagogical
content knowledge

Introduction

In an increasingly digitalized society, understanding new technology is crucial. It is essential for
everyone to grasp how data usage influences their daily lives and decision-making, enabling
them to make informed choices as citizens. Moreover, digitalization represents the most
significant technological shift affecting current competency needs (Teknikforetagen, 2020). This
underscores the importance of young individuals acquiring foundational skills that will enable
them to pursue future careers aligned with digitalization.

Following EU and OECD recommendations (European Union, 2006), computer programming
(hereafter referred to as programming) was introduced into the Swedish national curriculum in
2018, primarily in technology and mathematics (Swedish National Agency for Education, 2017).
The aim was to foster “a general understanding of programming and its implications” (Swedish
National Agency for Education, 2022a, p. 8). As a result, all K-9 technology and mathematics
teachers are now required to teach this content.
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Programming can be described as creating instructions for a computer to solve a problem.
However, in the Swedish compulsory school context, the concept also includes creativity,
control and regulation, simulation and democratic dimensions (Swedish National Agency for
Education, 2022b). In this article, programming is therefore understood as a combination of
these perspectives.

How teachers approach this task is critical for achieving curricular objectives and equipping
students for a digitalized society. Existing research underscores the recognition of
programming’s integration into the curriculum across various studies, although further research
in this domain is warranted (Larsson, 2023; Mannila et al., 2020; Nordén et al., 2017; Nouri et
al., 2020; Stigberg & Stigberg, 2019; Vinnervik, 2021).

There are strong indications that our school students’ right to equal education in programming
is not being fulfilled. A follow-up report on the digitalization strategy from 2022 (Swedish
National Agency for Education, 2022e) revealed that over 70% of primary school teachers
(years 4-6, students aged 10-12) felt uncertain about how to teach programming, highlighting
significant gaps in teachers’ preparedness and confidence in delivering programming education.
This suggests a pressing need for enhanced teacher training and resources to ensure that all
students receive high-quality education in programming.

Through this study, our objective is to deepen the understanding of how programming is taught
in schools and thereby contribute to understanding what is needed for programming education
to become an integrated part of school education. We have chosen to examine our research
question from a teacher’s perspective. Specifically, we aim to understand how teachers
perceive their responsibilities and utilize their roles when teaching programming, primarily
within the technology subject. This understanding can be framed as the teachers’ experienced
and enacted pedagogical content knowledge (ePCK), according to the PCK framework, which is
frequently employed to describe teachers’ capabilities and competencies in delivering effective
instruction (Carlson et al., 2019). However, PCK alone does not explain how teachers’ practices
are shaped by curriculum structures, subject boundaries or institutional control. Therefore, in
this study, we also draw on Bernstein’s (2000) concepts of classification and framing to analyse
how programming is positioned, regulated and enacted within the technology subject and the
wider school context.

Our exploratory, descriptive study focuses on teachers’ reflections on their classroom practices.
Previous research has highlighted the importance of teachers having a deep understanding of
subject content to teach effectively within a specific discipline (Kaya et al., 2022). Based on this,
we decided to collaborate with experienced teachers who taught programming before its
mandatory inclusion in the curriculum. We regard these teachers as experts, and by exploring
their experiences and perceptions, we believe we can capture the most relevant ideas on how
to teach programming. By investigating these aspects, we hope to identify the necessary
components for integrating programming education effectively into school curricula.

The overarching research question for this study is as follows:

How do teachers of the technology subject perceive what students in grades 4—6 should learn
about programming?
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More specifically, we seek to understand this research question by examining how teachers
reflect on their ePCK - that is, how they implement teaching and assessment practices for
programming in the classroom.

Background

Pedagogical Content Knowledge

Pedagogical content knowledge (PCK), introduced by Shulman in the 1980s (Shulman, 1987,
2013), is a framework for understanding teachers’ ability to teach a specific subject area. It
highlights that classroom practice depends on both pedagogical competence and subject
expertise, as well as how teachers apply this knowledge. PCK develops through experience and
is shaped by individual and contextual factors (Hubbard, 2018). The framework has been
particularly influential in science education and has been continuously refined to also to be
used in technology education (eg. Doyle et al., 2019; Hume et al., 2019).

Efforts have been made to develop and update the framework by engaging active researchers
in discussions about the framework and its applicability in different summits (Carlston et al.,
2019; Gess-Newsome, 2015). The latest model, published in 2019 (Carlson et al., 2019) is called
the RCM model which comprises three realms: personal PCK (pPCK), an individual teacher’s
knowledge and beliefs about teaching specific content; enacted PCK (ePCK), this knowledge in
action; and collective PCK (cPCK), the shared professional knowledge found in curricula,
research, and teaching communities.

In this study, we focus on how teachers reflect on their classroom practices —descriptions of
their ePCK—and how they draw on their pPCK in specific situations. By comparing multiple
teachers’ accounts, we aim to contribute to understanding their cPCK. Additionally, by asking
teachers to relate their reflections to national guidance documents (Swedish National Agency
for Education, 2017), we explore how such documents shape the way pPCK is enacted in
teaching.

& TEACHER KNOWLEDGE & SKILL
& STUDENT OUTCOMES
A TEACHER CONTRIBUTIONS

STUDENT CONTRIBUTIONS

OTHER CONTRIBUTIONS

4 KNOWLEDGE EXCHANGE

Figure 1. The refined consensus model of PCK (Carlson et al., 2019, p. 84)
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Description of the Integration of New Subject Content in the Curriculum

In 2017, programming was introduced into the Swedish compulsory school curriculum as part
of the national digitalisation strategy (Nordén et al., 2017). Rather than being defined as a
separate subject, it was embedded within existing ones, including technology.

To understand how this new content is valued, organised, and integrated, we draw on Basil
Bernstein’s theoretical framework. Bernstein (2000) examined how new knowledge domains
are transformed when incorporated into curricula and how their status and boundaries are
negotiated. His concepts therefore offer a useful foundation for analysing how programming is
positioned, classified, and integrated within the technology subject.

Building on Bernstein’s work, Ashwin (2009) illustrates how classification helps illuminate how
new knowledge is treated in relation to existing disciplinary structures. Bernstein’s construct of
classification refers to the boundaries between categories of knowledge and can be understood
as follows:

1. Strong classification: In this scenario, the new knowledge area is classified as strong,
meaning it is included in the curriculum as a standalone content area independent of
existing disciplines.

2. Weak classification: The new knowledge area may be integrated as a subset of a well-
defined discipline, resulting in weak classification as part of a broader discipline.

3. Non-disciplinary classification: The knowledge area may be regarded as non-disciplinary,
serving as a competency that can be developed through project-based courses focused
on various knowledge areas. This classification is inherently weak.

Looking at how programming is classified in higher education, we can see several different
examples of how it aligns with Bernstein’s three classification categories. Programming is
clearly strongly classified when it exists as its own discipline in higher education, as seen in
educational programs such as software engineering. Conversely, it can also be weakly classified
when treated as a tool for solving problems within other knowledge areas. Finally,
programming may equally fit with a non-disciplinary classification, whereby students are
expected to develop programming skills through project-based courses without being offered
foundational courses in the subject.

How programming is classified influences how different stakeholders, policymakers, curriculum
designers, teachers, and students, treat and value the content. Understanding these dynamics
helps reveal potential tensions and can guide efforts such as teacher training, professional
development, and other interventions to support successful integration into school education.

Assessment Practices

Various methods exist to assess individual learning and foster understanding. Formative and
summative assessments serve distinct but complementary purposes in education. Formative
assessment is an ongoing process that provides real-time feedback to students and teachers,
allowing for adjustments in teaching and learning strategies to enhance understanding and
performance (Black & Wiliam, 2009). It is primarily diagnostic and developmental, helping to
identify areas of strength and weakness, involving teachers as well as learners in the process
with the purpose of adapting what happens next to better meet learners’ needs based on
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evidence of learning. Feedback is an integral part of formative assessment, and it needs to be
forward-looking providing descriptions on where to go next. Kluger and DeNisi’s (1996) review
of effective feedback suggests that what seem to matter most is how the learner responds to it.

Summative assessment, on the other hand, evaluates student learning at the end of an
instructional period, providing a comprehensive measure of achievement against predefined
standards. In Sweden, it is the teachers’ responsibility to award the grades to students. It
ensures that the learning objectives stipulated in the curriculum have been met (Swedish
National Agency for Education, 2011).

By continuing exploring ways to improve the quality of assessment, some researchers suggest
that collaboration among teachers is a promising approach (e.g. Harrison, 2009; Hartell, 2015).
Collaborative assessment, in which teachers collaborate to construct and assess students’ tasks,
as proposed by Allal (2013), has been found to enhance both teachers’ performance and
assessment practices (Thornberg & Jonsson, 2015).

Programming assessment

Assessing programming in compulsory school remains a major challenge. Formative assessment
practices such as feedback can support students’ motivation and learning (Azmi et al., 2017).
Rubrics are frequently recommended for programming assessment (Bjorklund & Nordlof, 2023;
Brennan & Resnick, 2012) as they help teachers evaluate diverse student solutions (Jonsson &
Svingby, 2007; Kilday et al., 2012). However, premade rubrics may cause misalignment with
curriculum intentions if teachers adapt them too freely (Sadler, 2009).

In Sweden, summative assessment in the technology subject relies on teachers’ own
judgments, as no national tests exist for this subject. Such assessments are usually based on
classroom activities, with tests being infrequent and of varying quality (Hartell et al., 2018).
When it comes to programming, some instruments have been developed. For example,
Mannila et al. (2020) created a test to identify students’ understanding and misconceptions,
but these do not assess the quality of students’ self-created programs.

Research shows that programming assessment often occurs ad hoc and focuses mainly on
whether a program works, rather than on conceptual understanding or problem-solving
processes (Dagiené et al., 2023). Tools such as ProMAT (Hartmann et al., 2022) demonstrate
that conceptual knowledge can be assessed, but these tools remain tied to specific
environments like Scratch and xLogo. This reflects a broader issue: much programming research
relies on Scratch, limiting generalizability (Zhang & Nouri, 2019). Thus, researchers argue for
assessment approaches that are conceptually grounded rather than language-specific.

Teachers’ assessment practices vary widely. Neutens et al. (2022) found that functionality is
often prioritized, while abstraction and testing receive less attention. Swedish teachers similarly
emphasize either product-oriented criteria (functional programs) or process-oriented criteria
(reasoning, persistence), though the ability to explain code is valued across contexts (Bjorklund
& Nordlof, 2023). Overall, assessment remains highly individual and teacher-dependent
(Dagiené et al., 2023; Hartmann et al., 2022; Zhang & Nouri, 2019).

Although computational thinking is internationally influential (Zhang & Nouri, 2019), the
concept is not defined in Swedish policy documents. The curriculum mentions the related
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notion of “datalogiskt tankande” but does not specify its meaning or how it should be
interpreted in teaching (Swedish National Agency for Education, 2022b). This study therefore
focuses on assessing students’ programming knowledge and conceptual understanding as
framed in the Swedish curriculum, where programming encompasses problem-solving,
creativity, control and regulation, simulation, and democratic dimensions (Swedish National
Agency for Education, 2022b).

Steering Documents Guiding Swedish Middle-school Teachers in Programming Education

The Swedish national curriculum consists of three parts: core values and mission, overarching
goals and guidelines, and subject syllabuses outlining objectives, core content, and grading
criteria (Swedish National Agency for Education, 2022a). These directives serve as the
foundation for teachers’ planning, instruction, and assessment but do not contain specifics on
how to enact in classroom practices. Instead, teachers are trusted to adapt teaching to their
local context. Neither do the Swedish curricula specify detailed content. However, recent
national discussions have highlighted a move towards a more knowledge-rich curriculum,
inspired by international developments such as in England, emphasising stronger subject
content and cognitive foundations for learning (SOU 2025:19, 2025).

To support teachers, the National Agency for Education provides subject-specific materials,
including guidance on digital inclusion and clarifications for interpreting the technology syllabus
(Swedish National Agency for Education, 2022b, 2022c, 2022d). While these resources offer
some support for understanding grading criteria, they still leave considerable room for
interpretation, granting teachers substantial autonomy in their professional judgement.

Programming in the Swedish Curriculum

Programming as content has been integrated into both the mathematics and technology
syllabuses in Swedish schools since 2018 (Nordén et al., 2017). In the technology subject, the
overarching goal is for students to develop an understanding of technological development and
its historical context while fostering technological awareness. This knowledge equips students
to critically engage with technology, relate its use to issues such as sustainable development,
and apply it responsibly. Within this framework, programming is intended to be integrated.

For years 4-6, the technology syllabus specifies three core content areas:

e Technology, people, society and the environment
Students study technological systems (e.g., water, sewage, recycling) and consider their
impacts and trade-offs.

e Technological solutions
Students learn about components and systems—such as bicycles or electrical circuits—
and how these interact to achieve functionality.

e Working methods for developing technological solutions
Students engage in need identification, proposing ideas, designing, constructing, testing,
and documenting solutions using sketches, models, or written descriptions.
Programming is included here as a method for controlling constructions or objects
(Swedish National Agency for Education, 2022a).
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Grading Criteria for Technology (Grade 6)

The grading criteria for technology, like other subjects, are divided into three levels: E, C and A.
These correspond to the Swedish national grading scale (Swedish National Agency for
Education, 2022a, pp. 277-278), where E = pass, C = good and A = excellent. For example, to
achieve an A, the student is expected to perform as follows

The pupil gives examples of technological solutions and describes, in a well-developed
manner, some of their advantages and disadvantages for the individual and the
environment and how they have changed over time.

The pupil examines technological solutions and describes, in a well-developed manner,
how some components work together to achieve purpose and function.

The pupil performs simple technology development and design work in a well-organized
manner. In the work, the pupil formulates and chooses alternative courses of action that
lead to progress. The pupil creates documentation that sets out the intention of the
solution well.

However, the criteria do not explicitly mention programming in any of the criteria available for
E, C, and A. Despite its omission from the text on grading procedures, programming is
considered an integral part of the process in technology development and construction work.
Therefore, it may be suggested that the third grading criterion should be applied to assess
students’ programming tasks. This lack of guidance in terms of assessing programming in
technology also applies to mathematics.

In mathematics, programming is introduced through visual programming environments to
support logical thinking and problem-solving (Swedish National Agency for Education, 2022a).
The support material in mathematics offers further guidance on integrating programming,
emphasizing the development and application of algorithms in mathematical contexts, such as
calculating averages or creating rule-based movements (Swedish National Agency for
Education, 2022c). While programming in mathematics focuses on logical and problem-solving
skills in technology, programming is approached within a broader context, connecting it to
technological systems and their role in society.

There is no doubt that the recent introduction of programming to Swedish schools has posed
challenges for teachers in terms of assessment (Vinnervik, 2021), which confirms even earlier
results from Hartell (2012) showing that technology teachers are often left to their own
devices, and their teaching practices rely solely on their own experiences.

Method

This study is situated within an interpretivist paradigm, assuming that teachers’ knowledge and
practices are shaped by their experiences, perceptions, and interactions with curricular and
institutional structures. Our epistemological stance is constructivist, recognising that
understanding is co-constructed through teachers’ reflections on their programming
instruction. While the PCK framework guides our focus on enacted knowledge, Bernstein’s
concepts of classification and framing serve as lenses for analysing how teachers interpret and
enact the curriculum in their contexts. Together, these perspectives support an exploratory,
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descriptive approach aimed at deepening understanding of how programming is taught in
practice.

Participants

The empirical data are based on interviews and survey responses from seven teachers who
consented to being part of the study. All possess prior teaching experience of teaching 10-12-
year-olds in programming in technology education, both before and after the official/explicit
introduction of programming into the Swedish Curriculum in 2018. Hence, here we consider
them as experienced in teaching programming in years 4—6. Their backgrounds show a variety
of educational experiences, and all but one has a teacher certificate. Please note that all names
are fictious.

Table 1. Background information regarding the participants

Informant Higher education in programming
Camilla 7.5 ECTS*

Henric None, self-taught and short course
Irene None, self-taught

Jack** 36 ECTS in games programming
Kate Short courses

Liam Self-taught and short course
Magnus *** Short courses

* European Credit Transfer System
** No teacher certificates
*** Former teacher, now teacher trainer at a science center

Survey

The initial data for this study were derived from a survey in which participants were asked to
underline the parts of the grading criteria in the Swedish technology syllabus they considered
relevant for assessing programming skills, as outlined in the central content “Control of the
pupils’ own constructions or other objects with programming” (Swedish National Agency for
Education, 2022a, p. 275).

Follow-up interviews were conducted to gain an even deeper understanding of the participants’
views regarding assessment.

Interviews

Seven semi-structured interviews were conducted (Bryman, 2014) by the first author via an
online conference system. The interviews were recorded and transcribed verbatim. The
interviews aimed to capture multifaceted answers about programming assessment in the
technology subject, allowing the participants to articulate their perspectives, methods, and
experiences.

Analysis

The data analysis proceeded in three phases. First, we examined teachers’ pPCK by examining
how the participating teachers interpreted the use of assessment criteria in the technology
subject to evaluate students’ programming skills. This was done by looking at the text segments
they had underlined and by analyzing the interviews. Second, we investigated their ePCK by
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asking the participants about how they practice their pPCK. Third, we explored the potential for
cPCK by comparing the interviews during an open-coded analysis in which we aimed to identify
emerging themes. This third process revealed two distinct thematic areas: Programming is the
focus vs. programming is the means and Product is the focus vs. process is the focus. These
themes provided a structured lens for detecting and understanding how the teachers viewed
programming and how its role in education varied. Finally, the identified themes were
compared with the existing literature to identify relevant frameworks for deeper analysis.
Bernstein’s framework, as developed by Ashwin (2009), was particularly useful for categorizing
the themes and understanding differences in teachers’ assessment practices. Based on the
frameworks, a matrix was developed to map the teachers’ varied positions along the extremes
of the two thematic areas.

Programming is the aim
Strong disciplinary content

1\

Process is the focus Product is the focus
To try out is important To succeed is important

\/

Programming is the means
Weak disciplinary content

Figure 2. Matrix mapping teachers’ various positions in the two thematic areas

The authors compared and discussed the findings and analysis process to reach a consensus.

Results
Teachers’ pPCK for Assessing Programming Skills

The participants were asked to underline which grading criteria could be used to assess
programming (see example in Figure 3). Liam and Camilla underlined all or almost all the
grading criteria. Irene underlined only small portions of the text from all three grading criteria,
signalling that not all parts could be used. Kate underlined snippets of the first and third grading
criteria and underlined the second grading criterion in full. Magnus, Henric, and Jack all
underlined the second and third parts of the grading criteria, while excluding the first grading
criteria. In summary, the participants did not agree upon how and if grading criteria one and
three could be used, but they all agreed upon the relevance of using grading criteria two for
assessing programming skills.
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Participant

1%t Grading criteria

2" Grading criteria

3" Grading criteria

Camilla

The pupil gives
examples of
technological solutions
and describes, in a well-
developed manner,
some of their
advantages and
disadvantages for the
individual and the
environment and how
they have changed over
time.

The pupil examines
technological solutions
and describes, in a well-
developed manner,
how some components
work together to
achieve purpose and
function.

The pupil performs
simple technology
development and
design work in a well-
organized manner. In
the work, the pupil
formulates and chooses
alternative courses of
action that lead to
progress. The pupil
creates documentation
that sets out the

intention of the
solution well.

Figure 3. lllustrative example of one participant’s underlined parts of the grading criteria
considered relevant for assessing computer programming skills (Camilla)

Description of Teachers’ ePCK when Assessing Programming

The participants’ underlined sections of the grading criteria served as a foundation for the
subsequent interviews focusing on assessment. They were asked to further explain how they
interpreted the grading criteria to be suitable or not for assessing programming tasks in
technology in their daily practice.

The pupil gives examples of technological solutions and describes, in a well-developed manner,
some of their advantages and disadvantages for the individual and the environment and how
they have changed over time.

The participants shared their thoughts on this grading criterion. Liam noted that some aspects
of the criterion are well-suited for evaluating programming projects. He referred to the
emphasis on technical solutions and the ability to investigate and describe them. Liam stressed
that students’ enthusiasm and their ability to articulate their project’s goals and functionalities
play an important role in the assessment of their programming projects. Liam discussed the
relevance of this criterion for his robot war competition, in which students build and program
their own robots to compete against each other on a large round mat. The goal is to push the
opposing robot off the mat, and the last robot remaining on the mat wins. To participate,
students must program their robots to use sensors that detect when they reach the edge of the
mat, prompting the robot to reverse to avoid falling off. Liam clearly saw how he could use the
first grading criterion to assess programming exercises, explaining, “The technical solutions
aspect aligns perfectly with our robot war and classic car projects. These projects inherently
involve controlling objects through programming, and it’s crucial for students to demonstrate a
well-developed understanding of how these components interact. This is essential, as it reflects
their ability to build a strong offense and defence in our competitive events. Students often
realize this during the competitions when they evaluate their work. Some may say, ‘I should
have tried something different.” It becomes clear to them why they are not performing at a
certain level.”
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Camilla mentioned that when her students design smartwatches or MP3 players, she can assess
with the first grading criterion, as the students reflect on various choices concerning technical
solutions. This includes considering their impact on individuals, society, and the environment,
as well as recognizing the historical evolution of technology. She explained that using prebuilt
blocks results in a pass grade, but when students incorporate their own variables, this raises
their level of achievement. Students are given the opportunity to present and discuss the
smartwatches or MP3 players they have programmed, which helps Camilla assess them against
the first grading criterion. During these discussions, students reflect on the advantages and
disadvantages of having a single device that performs multiple functions. In this way, she
leverages what the students have created as a foundation for deeper discussions.

The pupil examines technological solutions and describes, in a well-developed manner, how
some components work together to achieve purpose and function.

When discussing this grading criterion, the participants consistently emphasized that
programming is highly relevant for assessing technological understanding in programming. They
particularly highlighted the connections between components within a program and the
interactions between an artifact and its corresponding software. Several informants provided
evidence supporting this perspective. Jack simply stated that students explore how the
different parts in a program come together, while Kate underscored the importance of students
understanding the synergy between programming and artifact construction, particularly in the
context of LEGO robotics and Micro:bit. Irene believed that she could assess whether the
students could describe, in a well-developed manner, how various components interact to
achieve specific purposes and functions through programming with Micro:bit. She continued by
explaining that this involves connecting different LEDs, making them blink, and lighting up in a
certain order.

The pupil performs simple technology development and design work in a well-organized
manner. In the work, the pupil formulates and chooses alternative courses of action that lead to
progress. The pupil creates documentation that sets out the intention of the solution well.

When addressing this grading criterion, Camilla said that her students formulate and choose
action alternatives that advance their programming work. She also mentioned that students
sometimes require assistance with individual steps, but she encourages them to seek help and
learn through collaboration. Henric described his perspective on how he views a well-crafted
technology development project by a student compared to a simpler approach:

“Some students tend to rush their work, thinking they’re finished in just 10 minutes. |
encourage them to spend the next two lessons adding extra features to their games to
make them unique. | provide examples, but some find it dull and just change the ball’s
colour and declare it ‘done.” However, with one full lesson and a three-quarter lesson
remaining, it’s crucial to use the available time wisely. /.../ | think the most important
thing is that the students dare to start.” (Camilla).

In addition to students initiating and developing their own ideas, Henric emphasized the
importance of simplifying and adapting advanced concepts. He highlighted that students should
not only generate ideas for improvement but also demonstrate the ability to refine and adapt
complex concepts to make them more accessible. Furthermore, he underscored the value of
students’ vision and their capacity to identify opportunities. Henric also pointed out that one of
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the key attributes of programming is that it enables students to articulate and, at times, even
present their vision.

To assess the final aspect of the third criterion - students’ ability to document their work -
Henric evaluates how they write documentation to explain their project’s process and
functionality. This includes writing game instructions when sharing a game created in Scratch.
By allowing students to read each other’s instructions and test play their games, they become
more aware of how to write clear and effective instructions, ultimately improving their ability
to structure and optimize their code.

The third criterion gives the opportunity to assess a technological development process in
which students are expected to begin with a need, investigate, propose solutions, construct,
and test, using sketches and physical as well as digital models. Jack described this, stating that
through the developing phases in technology development and construction work that his
students undertake, they get to work with the entire chain. Most of his students” work in the
technology subject is centred on programming projects, where they apply their programming
skills to develop solutions to various technical challenges.

Regarding the last part of the third criterion, which involves students creating documentation
of their work, Liam emphasized its importance. Students take pride in showcasing their work,
and Liam takes photos and videos and showcases these for the parents. Students also express a
desire to preserve their robot creations for the spring open house, but this may not always be
feasible due to other classes needing the material. Consequently, documentation of their work
becomes vital for the benefit of others. Additionally, this approach allows students to
document their work independently using their personal mobile devices.

In addition to their reflections on the individual grading criteria, the participants expressed
more general views on the assessment of students’ programming projects. For example, Henric
noted that “programming itself isn’t a significant part of the assessment,” and he mentioned
that the curriculum does not specify assessment criteria for programming. However, he
believed that the iterative process of refinement should be considered in the evaluation, as it
encourages students to experiment and learn through trial and error. Furthermore, Kate’s
students are in the fifth grade and are not subject to formal grading in terms of summative
grades, which begin in year 6 (12-year-olds). Consequently, she does not need to assess them
as rigorously as she would if they were in the sixth grade, where grading is mandatory. As a
result, her evaluation is more of a pass or not pass nature, based on whether the student has
fulfilled the task or not.

On the other hand, Irene, who also teaches fifth-grade students, evaluates them according to
the three criteria, and does not use the binary distinction of pass or not pass.

Exploring the Participants’ cPCK

In the thematic analysis of the interviews, two distinct thematic areas that all the teachers
discussed and related to were identified. The first concerns how teachers perceive
programming as a subject discipline. Specifically, we noted differences in whether the teacher
viewed programming as an independent subject with its own terminology and language or as a
tool to be used in the context of other subjects. From the literature, we reference Bernstein’s
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pedagogical device approach, as introduced earlier, which describes how a new subject area
can be integrated into schools and their curricula.

The second thematic area concerns assessment practices. We observed clear differences
between the teachers who emphasized the final product and those who focused more on the
process. When compared to the literature, we see that a focus on the product resembles
summative assessment, while a focus on the process is more akin to formative assessment (see
Assessment Practices).

We viewed the teachers’ different responses in those areas as points along a continuum, where
one end represents one extreme in the thematic area, and the other end represents the
opposite extreme. The teachers who discussed programming as if students needed to prepare
for a technical university program were placed at one end of the continuum for the first theme.
In contrast, the teachers who expressed that they teach, use, and assess programming as a tool
that students need to master to succeed in other subject disciplines were placed at the other
end. The teachers who viewed the product (i.e., the program that students created) as the
most important aspect to assess were placed at one end of the continuum for the second
theme. Conversely, the teachers who believed that the process by which students engaged in
programming was the most crucial aspect of assessment were placed at the other end.

Through this analysis, we identified four distinct personas, each situated in a quadrant of a
matrix. Each teacher is placed in one of the quadrants. All these personas were visible in this
study and encapsulate the diversity of pedagogical approaches among technology teachers in
relation to programming education.

Programming is the aim
Strong disciplinary content

- A
Camilla Jack
2 1
Process is the focus P Product is the focus
To try out is important To succeed is important
v P Magnus Irene P
3 | Kate 4
- Liam
Henric A8

Programming is the means
Weak disciplinary content

Figure 4. Visualization of how we describe the four distinct personas identified in the study,
which depict how technology teachers approach programming instruction

Persona 1: Strong Disciplinary Content, Product Focus
In quadrant one, the teacher views knowledge of programming as a subject area of computer
science as a goal of their teaching. The teacher also sees it as important for the student to
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successfully complete their task and thus be able to master the entire process and present a
well-functioning product. When assessing programming, the outcome is important, meaning
that the quality of the finished program is considered.

Teacher Jack described how a student who has succeeded/done well and is considered to be in
the upper right corner of the quadrant behaves:

“... I have this code, and, in this way, it works ... if the student can explain their own
solution, they usually can also explain another solution and understand why it works”
(Jack).

According to the same practice, a student close to the origin in the matrix would show rather
poor knowledge in the discipline of computer science and would not have succeeded in
creating a well-functioning product.

Persona 2: Strong Disciplinary Content, Process Focus

In this quadrant, the teacher focuses on the student learning the basics of programming and
thus considers the student’s computer science knowledge. However, the focus is not primarily
on how the final product works; instead, it is more important that the student has tried
different solutions and can demonstrate mastery of coding at various levels.

Teacher Camilla provided an example of how she assesses her students during programming
tasks:

“... then | can guide them a bit to try that first, because | know there is a greater chance
of success ... then I can facilitate, but they have still shown that they have some sort of
idea. Now | want this to happen ...” (provide context to make it clear that they are
actually discussing the theoretical subject matter) (Camilla).

This quote also shows that this assessment practice is more formative than summative, as it is
very important for Camilla to coach the students during the process. A student who receives a
high grade can demonstrate that they have good knowledge of computer science and are
willing to try several different methods and solutions.

Persona 3: Weak Disciplinary Content, Process Focus

A teacher whose practice falls into this quadrant focuses on student testing and practice. It is
important for the student to use the equipment and the programming environment provided.
The process is crucial; thus, it is important for the student to dare to test how coding works.
How is assessment done here?

Henric explains how he assesses his students:

“... Students try and retry. This idea that you get to try and then you sit down and think
about what went wrong and do it again” (Henric).

Henric also circulates through the classroom, and if students need help, which is quite common,
as they often get stuck on some details, he seizes the opportunity to look at the students’ code.
Additionally, he play-tests their games and asks the students about their programs.
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Another example comes from Kate, who emphasized that the actual code and coding
proficiency are not her primary focus in assessment. Instead, she evaluates students based on
their holistic development, problem-solving skills, ability to enhance their projects, and overall
growth and creativity.

A student who receives high grades and is in the lower left corner dares to test and is engaged
in and enthusiastic about the task, while a student who does not receive such good grades is
not active in the class. Programming and coding are used as a means of activity. This
assessment is mainly formative and takes place in the classroom during programming activities.

Persona 4: Weak Disciplinary Content, Product Focus

The fourth quadrant represents the teachers who assess the student’s final product. The most
important thing is not that the program has good quality coding, but that it truly does what it is
intended to do. This assessment practice has a summative focus, and during the class, the
teacher tries to support students in achieving a functioning product.

Liam expresses his assessment practice as follows:

“... a lot of what fits in is when we actually build and create something, not just clicking
in code.org. Then, | would feel that we haven’t done enough” (Liam).

Irene also expresses this with the following statement:

“It’s important for students to understand how to connect these components and explain
why they’ve done it in a particular sequence.” (Irene)

A student who receives a high grade has managed to get a program to work so that it can
control, for example, their own construction. How this has been accomplished is not so
important. A student who fails is considered to have failed if they do not produce a functioning
product. Even if they have knowledge of coding and have made attempts and experiments, this
is not considered in the assessment.

Discussion

Through the PCK framework, we recognize that a teacher’s subject knowledge, pedagogical
approaches, and understanding of curriculum guidelines and the school context all play a
crucial role in how a subject is taught.

In this study, we interviewed seven teachers with expertise in programming to explore how
their perspectives on teaching programming in the classroom (ePCK) have evolved over their
years of experience. While many aspects of their teaching practices are similar—for instance, all
the participating teachers align their instruction with the technology subject curriculum and
assessment criteria—their insights showcased the multifaceted nature of assessment,
highlighting creativity, problem-solving, and collaboration as pivotal factors in evaluating
students’ programming achievements. Our findings also revealed that, despite their expertise,
they expressed uncertainty about what and how to teach and assess programming. This
became particularly evident when examining how they assess students’ programming
competencies in practice.
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The results section first presents teachers' personal PCK (pPCK), followed by a reflection on
their enacted PCK (ePCK), aiming to capture how programming instruction and assessment are
conducted in the classroom.

It is important to note that we did not directly observe teachers' ePCK in practice; rather, our
findings are based on their self-reported experiences of their ePCK.

In the subsequent section, where we discuss the four different personas, we highlight the
variations in their teaching approaches. Our analysis suggests that, despite their competence
and experience, these teachers demonstrate significant differences in their instructional
methods, values, and objectives for programming education. This variation indicates that there
is little to no shared collective pedagogical content knowledge (cPCK) among them. By applying
Bernstein’s theoretical framework (Ashwin, 2009) alongside our understanding of formative
and summative assessment (Black & Wiliam, 2009; Swedish National Agency for Education,
2011), we can interpret these differences more clearly. This, in turn, allows us to reflect on the
underlying reasons why teachers hold such diverse perspectives on how programming should
be taught.

Weak Versus Strong Subject Content

As mentioned, incorporating new subject content into school curricula is not easy. We observe
that teachers perceive programming as anything from a relatively weak subject area to well-
established and robust disciplinary content. Digitalization is a societal change of unprecedented
magnitude, which means there is no prior experience to draw upon in the face of this paradigm
shift. By introducing programming as a relatively weak subject content, used merely as a tool
within various school subjects, rather than as a discipline that needs to be thoroughly learned,
both theoretically and practically, there is a significant risk. Schools may fail to achieve their
purpose of providing students with equal opportunities for future career choices. This approach
could potentially undermine the development of essential programming skills that are crucial
for students’ success in technology-related fields. We perceive a risk that students who do not
learn the fundamentals of programming from home or are self-taught through their
extracurricular activities will find it much harder to both progress in a profession where
programming knowledge is a prerequisite and make critical democratic societal decisions. We
believe that a deeper understanding of programming and coding is necessary to comprehend
today’s society and societal development.

Formative Versus Summative Assessment

We observed that formative and summative assessment in programming education often
translate into a focus on either the process or the product. Formative assessment emphasizes
the learning journey, in which teachers provide feedback on students’ ability to understand,
find, and apply algorithms to develop a functional program. In contrast, summative assessment
evaluates the final product, assessing how well the completed program solves the intended
problem (Bjursten et al., 2022).

In this study, the participating teachers demonstrated distinct approaches to formative and
summative assessment. ldeally, a balanced assessment strategy incorporating both
perspectives would provide a more comprehensive evaluation of students’ programming skills.
Achieving this balance likely requires strong subject knowledge and a clear understanding of
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the skills students should acquire in programming. This aligns with the findings of Bjorklund and
Nordl6f (2023), who note that teachers tend to emphasize either the process or the product
when assessing programming.

Moreover, the broader assessment culture within the technology subject in schools may
influence how teachers approach assessment in programming. Understanding these contextual
factors could provide valuable insights into the variations in assessment practices observed in
this study.

We identified four distinct teacher profiles or personas, suggesting that students’ experiences
and knowledge acquisition in programming education vary significantly, depending on their
teacher’s persona. We argue that it is crucial to reflect on which persona educators should
ideally align with when teaching programming in the technology subject for grades 4—6. Such
reflection could inform the development of professional development programs tailored to
support technology teachers in enhancing their instructional approaches to programming.

What, then, do we believe is the reason behind these relatively large differences?

Diverse Teacher Backgrounds

One of the teachers, representing persona one, Jack, has a background as a software developer
before transitioning to teaching technology. As a result, Jack possesses a strong knowledge of
computer science. It is unsurprising that this teacher has adopted an approach that emphasizes
the importance of students learning the fundamentals of programming as a subject area. It is
also understandable that this teacher believes that students can learn both the basics of
programming and produce a well-functioning product. Furthermore, we observe that a teacher
representing persona two, Camilla, who has a high level of knowledge of computer science and
programming, also described her teaching practice as one in which students are encouraged to
learn and demonstrate their understanding of the basics of programming. In contrast, the other
teachers, lacking the same depth of subject knowledge but having taken short courses in
programming, described their teaching practice in quadrants three or four. Thus, they do not
prioritize ensuring that students acquire the foundational knowledge needed for learning
programming later in their educational journey.

Unclear Policy Documents

Another reason for the disparate views among teachers regarding their practices may be the
lack of clarity in the current policy documents. For the technology subject, the curriculum
strictly states that students should use programming to control construction. Neither the
curriculum nor the supplementary material for technology specifies that students should learn
programming (Swedish National Agency for Education, 2022a, 2022d). This ambiguity could be
interpreted as suggesting that the curriculum implies that teaching practice should align with
persona four, wherein students should be able to use some form of coding to develop a
solution without specifying how this should be done. In contrast, the mathematics curriculum
describes how aspects of coding practice should be taught, leading teachers who teach both
mathematics and technology to prefer quadrant two, whereby it is essential for students to test
their knowledge acquired in mathematics in a different context (Swedish National Agency for
Education, 2022a, 2022c). Unclear steering documents run counter to the principles of a
knowledge-rich curriculum, which is desirable for deep thinking and learning complex skills. In

65



Design and Technology Education: An International Journal

such curricula, clear expectations about what students should learn are crucial for ensuring
equitable teaching (Vanhees et al., 2025). This literature also highlights the importance of
coherence, both vertical and horizontal: that is, how knowledge for understanding
programming is built progressively over time, and how different subjects contribute to a
coherent and cumulative understanding of programming.

Limited Programming Competence Among Teachers

We know that approximately 70% of teachers teaching technology express a need for
professional development (Swedish National Agency for Education, 2022¢). This likely indicates
a lack of knowledge about how to program, making it difficult for them to move their practice
to quadrants one or two. This may also be the case for our participants, even though they were
selected for this study. Through this study, we have reason to believe that a relatively large
group of teachers in Sweden find themselves in the teaching practice described in quadrant
three, where students have the opportunity to test programming and where curiosity and
engagement are the focus of assessment.

Vulnerability in Technology Education

When it comes to technology education, due to the subject’s relatively small size, there is often
only one technology teacher within a larger teaching environment (Bjursten, Nilsson & Jonsson,
2023). As a result, technology teachers frequently find themselves isolated in their specific
practice, with limited opportunities to engage in the collaborative approaches that are
commonly advocated for developing a shared teaching culture within a school. This pattern was
identified by Hartell (2015) and is, unfortunately, reaffirmed a decade later in recent national
data (IVA, 2025). According to the IVA report, many technology teachers still lack fundamental
prerequisites for high-quality teaching, including adequate material resources, reasonable
group sizes, and sufficient planning time, and they also report limited support from school
leadership (IVA, 2025, p. 7).

Conclusion

This study investigated teachers’ personal pedagogical content knowledge (pPCK) and their
reflections on their enacted pedagogical content knowledge (ePCK) in the context of
programming instruction within the technology subject. By conducting a survey, followed by
interviews with experienced teachers, we explored how programming is assessed and
interpreted within the existing curriculum.

The findings reveal notable variations in how teachers describe their assessment practices,
illustrating diverse interpretations of how programming can be assessed. This variation
highlights a broader discussion on how collective PCK (cPCK) in programming should be
established and integrated in primary education (years 4-6).

Further thematic analysis identified two theme areas influencing teachers’ assessment
practices: the extent to which they prioritize computer programming as a process for problem-
solving versus a product as an end goal and their expectations regarding students’ subject
content knowledge. The analysis is presented in a matrix with four quadrants representing four
personas. Across the study, teachers’ assessment practices spanned all four personas: 1) strong
disciplinary content and product focus; 2) strong disciplinary content and process focus; 3)
weak disciplinary content and process focus; and 4) weak disciplinary content and product
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focus. This matrix illustrates the different pedagogical approaches taken by teachers, resulting
in varying student experiences of programming education.

A critical concern arising from this study is whether Swedish students are equally prepared to
engage in a digitalized society. The findings suggest that there are discrepancies in
programming education, meaning that students may not receive equal opportunities to
develop the necessary digital competencies. Several factors may contribute to this inequality.
First, programming remains a relatively new subject in Swedish primary education, and
curriculum documents lack clear guidance on how it should be implemented. Second, teachers’
backgrounds seem to significantly influence their assessment practices—those with prior
experience in programming tend to approach both instruction and assessment differently from
those without such expertise. These combined factors indicate that cPCK for programming
education has yet to be established, which may have implications for the equity and
consistency of digital education in Sweden.

There are several possibilities for strengthening programming as a subject area in schools. One
approach is, of course, to ensure that programming is included as a strong subject area in the
form of a separate subject in which students learn to program and then use this knowledge in
other school subjects. Another approach is to ensure that well-defined subject modules exist in
various school subjects. These could be integrated into subjects such as mathematics and
technology, as is done today. If these subject modules were well linked with a progressive
approach between them, relatively strong subject content could be achieved.

Ultimately, for programming education to contribute to digital equity, it is crucial to reconsider
how teachers are trained in programming. A more interdisciplinary approach, integrating both
technology and mathematics, could better equip teachers to provide high-quality programming
instruction while ensuring equal learning opportunities for all students. Without such
measures, the risk remains that students’ access to digital competencies will continue to be
shaped by individual teachers’ interpretations and prior experiences rather than by a
standardized and equitable national curriculum.
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Abstract

This study aims to enhance primary school students' entrepreneurial skills by integrating STEM
education. Employing a qualitative action research design, the study involved 19 fourth-grade
students (aged 9-10) selected via convenience sampling. Over a six-week period totaling 18
instructional hours, researchers implemented two STEM-based activities aligned with the
study's objectives. Data were gathered from multiple sources, including video recordings, e-
portfolios, student journals, researcher journals, and student-generated artifacts. The research
was guided by a framework encompassing 22 entrepreneurial skills, categorized into three
domains: knowledge, skills, and attitudes. Findings indicate that while students did not
demonstrate complete competence in all areas, particularly within the entrepreneurial aptitude
domain, they showed notable development in their understanding, practical skills, and
attitudes related to entrepreneurship.

Keywords
Entrepreneurial Skills, Engineering-Design, STEM Education, Action Research, Primary Education

Background

To effectively compete in the global arena, students must possess comprehensive 21st-century
skills (Cansoy, 2018; Duman & Aybek, 2003; Yalcin, 2018; Yiksel, 2019). These skills, including
critical thinking, entrepreneurship, problem-solving, collaboration development, initiative-
taking, and communication, are essential for success in today’s world. As unemployment
increases, individuals must be able to adapt to rapid advancements in science and technology.
Entrepreneurship skills have gained significant importance, and incorporating entrepreneurship
education into the school curriculum can foster career awareness (Raposo & Paco, 2011).
Further research and pilot studies are necessary to determine the most effective learning
methodology. While the school curriculum in different countries incorporates entrepreneurship
skills, there is a lack of specific details for primary schools. Scholars propose analyzing national
methodologies and adapting those to local contexts to acquire 21st-century skills (Ekici et al.,
2017; Gelen, 2017). Consequently, understanding how entrepreneurship education is
conceptualized and practiced in various educational systems provides valuable insights for
developing effective and contextually relevant approaches. This allows for successful
applications while avoiding ineffective activities or programs. Varied interpretations of
entrepreneurship education led to diverse implementation approaches in European countries
(EACEA, 2016). The extent of entrepreneurship varies based on socio-cultural environments
(Kelly, 2020; Sawyer, 2012).
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Conceptual Framework

Entrepreneurship in Primary School

Teaching entrepreneurial skills at all levels of education, particularly from primary school, is
crucial for cultivating entrepreneurial individuals who can meet the demands of a rapidly
changing and evolving world (Yurtseven, 2020). Entrepreneurship education in primary school
focuses more on encouraging basic skills such as creativity, curiosity, problem solving,
communication, and teamwork, considering that students are not developmentally ready to
understand abstract economic concepts (Lackéus, 2015). Integrating entrepreneurship skills
into primary school curricula aims to enhance students’ career awareness (Herdem & Unal,
2018; Raposo & Paco, 2011). Field trips, observations, and expert meetings can boost career
awareness (Selanik Ay & Acar, 2016). Primary school students should learn foundational
entrepreneurial elements, including favorable attitudes, essential abilities, hands-on learning,
exploring personal interests, and developing entrepreneurial behavior and skills (Barba-Sanchez
& Atienza-Sahuquillo, 2016). Entrepreneurship is considered not only as a process that
produces economic output, but also as a multidimensional mental structure involving creativity,
recognizing opportunities, risk assessment, and innovative problem solving (Lackéus, 2015). The
development of entrepreneurial skills at the primary school level plays a crucial role in helping
students acquire fundamental skills, such as problem-solving, creativity, communication, and
collaboration, at an early age (Ministry of National Education [MoNE], 2018). Academic
research examines the factors that influence teaching entrepreneurial skills to students. Deveci
and Cepni (2014) suggest that creating suitable environments for skill acquisition fosters
entrepreneurial development. While some studies suggest entrepreneurship has an inherent
element, others present contrasting findings. Yurtseven and Ergiin (2018) emphasize that the
primary goal of entrepreneurship education is to acquire or enhance entrepreneurial
competencies in cases where they are lacking. Yurtseven (2020) classified content related to
primary school students' entrepreneurial skills under the headings of knowledge, skills, and
attitudes (see Figure 1 for the list). Individuals with entrepreneurial aptitude are crucial for
innovative thinking and transforming concepts into tangible results, such as creating original
merchandise. Effective communication skills are also essential for interacting with relevant
individuals or institutions. In this respect, entrepreneurship education is considered a process
that should be initiated at the primary school level to enable students to gain career awareness
and develop innovative thinking skills (Deveci & Cepni, 2014; Hardie et al., 2020; Yurtseven,
2020).

Entrepreneurship and STEM Education

The significance of production and innovation has increased in our dynamic global landscape,
driven by heightened consumption. Technological advancements have increased global
interconnectedness, making changes in one country have significant implications for others. To
remain competitive, countries must adapt. Agca and Yumusakipek (2015) assert that innovation
is driven by knowledge, technology, and technological advancements. Countries at the
forefront of global competition incorporate STEM education into their curricula. STEM
education effectively responds to evolving demands. Education must continually adapt to
sustain its strength in the face of technological advancements, product variations, changing
consumption patterns, evolving production methods, and shifting scientific disciplines. Karahan
et al. (2014) found that high-quality STEM education provides students with STEM literacy and
essential 21st-century competencies, including problem-solving, critical thinking, and
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teamwork. Recent research indicates that STEM education is crucial to the economy (Tekbiyik &
Cakmakci, 2018).

Entrepreneurship, as defined in various sources, involves multiple subdimensions and requires
interdisciplinary collaboration (Kelly, 2020; Yiksel, 2019). According to Vesper and Gartner
(1997), the duration of entrepreneurship education is crucial for acquiring and developing
entrepreneurial skills (Tarhan, 2019a). The existence of sub-dimensions of entrepreneurial skills
may necessitate that these skills be taught in an integrated manner. Teaching these skills within
the school, if there is no specific course dedicated to this subject, necessitates an activity
framework integrated into the course content. A well-planned activity process will be valuable
in terms of developing these skills. Entrepreneurial skills influence work principles in STEM
activities and contribute to the value of products. Entrepreneurship cultivates creativity,
management, planning, problem-solving, innovation, and risk-taking. It also addresses
economic implications and marketing strategies. Presenting a case study to students and
designing a product to solve the problem, determining the market value of this product, and
preparing a user manual for the product are activities that are expected to be effective in
developing these skills. Aydogdu et al. (2020) emphasize the importance of cultivating
entrepreneurship skills for appreciating product value in STEM activities and effectively
executing marketing strategies.

Integrating entrepreneurship skills into STEM education through interdisciplinary approaches
enhances individual development and product quality. STEM education fosters career
awareness by integrating knowledge and proficiencies from various disciplines in practical
endeavors. Herdem and Unal (2018) found that career awareness is integrated as an
intermediate discipline in primary school education, and STEM education is crucial for
developing this awareness in STEM fields. Entrepreneurship requires innovative thought
processes. Promoting innovation is vital for economic growth, and STEM education, the
foundation for innovation, can achieve this.

Innovation manifests in creative and unconventional thinking, as highlighted by Kelly (2020).
Kuhn (1991) emphasized the need for paradigm shifts to disrupt the status quo. For innovation
to occur, it is necessary to step outside the box and think outside the lines. The comfort that
individuals/societies find in the standard hinders the realization of innovations. Deveci and
Cepni (2015) identified novel idea generation as a fundamental entrepreneurial trait. McDaniel
(2002) defined it as transforming novel concepts into marketable products or services through
entrepreneurial efforts. Researchers focus on cultivating novel concepts and pursuing
innovation. Entrepreneurship, involving sharing and launching novel ideas and products, is
central to STEM studies, highlighting their synergy. Dinger (2014) suggests that allocating
resources to STEM skills can position nations in the global economy, influenced by sustainability
and innovation enabled by science-oriented education, which directly addresses
entrepreneurship education.

Several studies have focused on transmitting entrepreneurial skills to subsequent cohorts,
emphasizing educators’ entrepreneurial competencies and pedagogical expertise in fostering
entrepreneurship abilities. Hassi (2016) highlighted the significance of curriculum design in
early skill development. Seikkula-Leino et al. (2010) found that teachers play a crucial role in
students' entrepreneurial skills. However, the goal and application guidance lacked clarity.
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Yurtseven and Ergiin (2018) suggested strategies like drama, brainstorming, project
management, research-based learning, and problem-based learning to enhance teachers’
entrepreneurial competencies. Tarhan (2021) emphasized the impact of inspiring
entrepreneurs and using entrepreneurial narratives for career advancement. Floris and Pillitu
(2019) advocated for a problem-oriented approach to entrepreneurship education in primary
schools, involving policymakers and local stakeholders. Primary school studies are considered a
strategic investment in early education. The integration of STEM education with
entrepreneurial skills is important, particularly in primary education, in terms of its potential to
support students' ability to generate innovative solutions to real-life problems.

Objectives

This research aims to develop STEM activity modules to enhance primary school students'
entrepreneurship skills. The study evaluates the effectiveness of the modules. The activities
were part of the "Let's Build Simple Electrical Circuits" and "Light and Sound Technology"
instructional units. The research modified the Science and Mathematics curricular units to align
with STEM education and implemented them in an extracurricular setting. Yiksel (2019) argues
that an interdisciplinary approach is advantageous for acquiring entrepreneurial skills. The
research inquiry examines the impact of STEM activities on the development of entrepreneurial
aptitude among fourth-grade students (aged 9—-10). The research questions were:

e How do STEM-focused activities affect 4th-grade students’ entrepreneurship
knowledge?

e How do STEM-focused activities affect 4th-grade students’ entrepreneurship skills?

e How do STEM-focused activities affect 4th-grade students’ entrepreneurship attitudes?

Methods

The primary objective of this study was to enhance the entrepreneurial skills of primary school
students. The research methodology employed was action research, utilizing qualitative
research designs. Due to the requirement of prolonged implementation in real-world contexts,
the researchers concluded that prioritizing local concerns would yield more significant
advantages (Aksoy, 2003; Yildirnm & Simsek, 2018). The study specifically focused on developing
entrepreneurship skills among primary school students. This study observed the development
of students' entrepreneurial skills within the context of the problem statement presented
throughout the research process.

Action Research Process

Diagnosis

The existing literature lacks a clear definition of entrepreneurship knowledge and skills for
primary school students (Yurtseven, 2020). While the curriculum for 21st-century skills includes
entrepreneurship skills, specific primary school-level sub-dimensions are lacking. This stage is
the initial research phase, commonly referred to as the diagnosis stage.

Identification

After the diagnosis, specialists discussed the prevailing issue. To understand the problem, they
systematically reviewed relevant literature from various sources. The investigation into
entrepreneurship skills revealed that most studies focused on engineering and business
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students (Cetinkaya Bozkurt & Alparslan, 2013; Diindar & Agca, 2007; iscan & Kaygin, 2011;
Karsli, 2018; Keles et al., 2012). Recent research has focused on entrepreneurship skills in
education (Selanik Ay & Acar, 2016; Tarhan, 2019b; Yilmaz & Stinbil, 2009). Integrating
entrepreneurship skills into primary school education is a relatively recent development,
prompting research on the acquisition of these skills (Akbayrak, 2019; Karakilgik, 2020; Tarhan,
2021; Yurtseven, 2020; Yurtseven & Ergiin, 2018). However, there is a lack of comprehensive
empirical data on specific sub-dimensions of entrepreneurial skills.

Development

To address the problem of increasing national demands and a lagging economy, educational
institutions must equip students with practical skills for real-world scenarios. Ememe et al.
(2013) found that students lacked readiness for life, hindering their employment prospects.
Including entrepreneurship skills in the curriculum can address this issue. Recent graduates who
establish businesses often lack essential entrepreneurial skills, which can lead to the failure of
their enterprises. A structured curriculum can cultivate entrepreneurship skills. Tarhan (2019a)
emphasizes the need for individuals to acquire entrepreneurial skills to create new employment
opportunities. Instruction in entrepreneurship skills should begin in preschool, fostering
creativity and collaboration.

The literature on entrepreneurship studies equips students with skills and knowledge to
succeed in real-life challenges, just as STEM studies do. Kuratko (2005) emphasizes the
importance of technology in entrepreneurship. An early 2000s study highlighted the need for
adopting the STEM approach in education to prepare students for entrepreneurial endeavorsin
the 21st century. STEM skills reinforce this necessity. The Turkish Ministry of National
Education's 2018 guidelines for 4th-grade science textbooks include activities titled ‘Science,
Engineering, and Entrepreneurship’, which equip students with real-world skills and allow them
to showcase their designs at the annual science fair. The curriculum's focus on 21st-century
skills equips students with the competencies to navigate contemporary life and critically
evaluate their outcomes.

Development of an Action Plan

Researchers employed STEM-based activity modules with fourth-grade students to develop
entrepreneurship skills, utilizing two Science units that integrated technology, engineering, and
mathematics. Students solved a problem scenario involving a natural disaster and created two
potential solutions as products. The first product resolved the issue, while the second was a
district map on which they placed the product. Table 1 presents the distribution of activity
modules and outlines the skills emphasized within the modular scope during action research.
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Table 1. Skills Targeted in the Modular Scope during the Action Research Process

Purposes

Technology Skills

Entrepreneur
Skills

Engineering Skills

Module 1: Understand and

Creative

Creativity and

Analyze and Interpret

weather conditions that
cause the problem, and
creates a graph accordingly

visualize the problem Communicator Innovation Data
situation. Global Management

Collaboration Skills and

Digital Citizen Leadership

Planning

Module 2: Identifies the Global Creativity and Information
environment where the Collaboration Innovation gathering, evaluation,
problem occurs and the Digital Citizen Problem Solving and communication

draft product drawings are
compared with the
information on sound
technologies discovered
(considering the economic
efficiency and lifespan of
the products), and a
decision is made on the
best idea.

Communicator
Digital Citizenship
Knowledge
Constructor

Risk Taking
Innovation
Planning
Creativity
Management

Module 3: Sound Computational Creativity Information

technologies, inventors, and | Thinking Leadership Gathering, Evaluation,

the periods in which they Digital Citizenship | Planning and Communication

lived are researched.

Research is presented on a

poster

Module 4: Research what Empowered Innovation Creating Explanations

can be done to prevent Learner Creativity and Designing

inconvenience to the public | Digital Citizenship | Problem Solving Solutions

in case of the collapse of Knowledge Analyzing and

electric poles, and seek Constructor interpreting data

expert opinions Planning and
Executing
Investigations

Module 5: The generated Creative Problem Solving Information

Gathering, Evaluation,
and Communication
Analyzing and
Interpreting Data
Planning
Investigations and
Conducting
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Module 6: The product is Empowered innovation Creating Descriptions
created. Learner Creativity and Designing
Digital Citizenship | Problem Solving Solutions
Knowledge Planning Analyzing and
Constructor Taking Risk Interpreting Data
Management Planning
Investigations and
Conducting
Module 7: The user manual | Digital Citizenship | Innovation Developing and Using
of the product is written. Knowledge Creativity Models
Constructor Planning Analyzing and
Management Interpreting Data
Planning and
Conducting
Investigations
Module 8: A city map is Knowledge Taking Risk Developing and Using
created, indicating the Constructor Creativity Models
usage of the product based | Empowered Planning Analyzing and
on all available information | Learner Management Interpreting Data
Computational Problem Solving Planning and
Thinking Innovation Conducting
Investigations
Information
Gathering, Evaluation,
and Communication
Creating explanations
and designing
solutions

Implementation and Evaluation

As part of the action process, students were required to create two STEM products to address a
problem in their immediate surroundings. The observation of entrepreneurship skills
development was intended to be conducted through the students’ creation of STEM products.
On July 3, 2020, a landslide disaster in the Uzumlu district of Erzincan caused power outages by
collapsing electricity poles. The students were tasked with analyzing the socioeconomic status
of the local population and their familiarity with Uzumlu in their product design. The students
formed groups and conceptualized and developed their products using computer software on a
collaborative platform. In the initial STEM activity, “I am a Little Engineer,” the groups
strategically positioned their products on the Uzumlu map to monitor power outages. The
following section presents the STEM activities and the respective activities of the groups.

I am a Little Engineer: Based on the primary education curriculum, specifically the unit on
Lighting and Sound Technologies, students learned about a power outage caused by a landslide
and its impact on the community. They were tasked with developing products that use lighting
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and sound technologies to address the issue. Four groups strategically chose to use these
technologies to reach a wider audience. They incorporated devices such as alarms, sirens, and
lamps into their products and positioned them in fixed locations.

I am Planning My District: The “l| am Planning My District” activity encouraged students to use
the Uzumlu district map to plan their products. They applied mathematical skills to calculate
expenses and understand how to distribute their products effectively within the community.
Students provided a rationale for their product placement on the map. The cost was
determined by multiplying the unit price by the quantity of products ordered. This calculation
informed their decision to increase or decrease the quantity of products to be ordered.

Participants

The study involved the participation of fourth-grade students who volunteered for the
research. The study recruited participants in groups of four, consisting of a total of 19 students
from two different classrooms within the same school. The participants were selected utilizing a
convenience sampling method. To facilitate convenient access for students and parents, the
researcher employed this approach, as it allowed her to continue her research within the
confines of her affiliated institution. Participants were assigned to groups labelled S1, S2, S3, up
to S19. Group members decided the group names after they were assigned to their groups.

Table 2. Group Names and Students

Group Name Students

Small Builders S1, S2, S3, S4, S5, S6
Myth Team S7,S8,S9, S10
Engineer Stars S11, S12,S13, 514
The Best Engineers of the World | S16, S17, S18, S19

Data Collection Tools

The data was gathered via various methods, including focus group interviews, observations, e-
portfolios, student journals, and researcher journals. The subsequent sections provide
comprehensive explanations of each instrument used for data collection.

Focus Group Interview

The study used a group interview method focusing on a specific topic. Focus group interviews
typically follow seven stages (Yildirnm & Simsek, 2018).

. Review research purpose and method.

. Develop interview questions based on research problems.
. Plan location and technology.

. Pilot test the process.

. Invite participants.

. Conduct the study.

. Organize and analyze data.

NOoO u b wN PR
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Participants in groups in Table 2 were interviewed four days a week. The interviews assessed
students’ knowledge, skills, and attitudes related to their ongoing activities. During the “l am a
little Engineer” activity, students discussed the local community’s needs and designed a
product. They researched and developed a preliminary product draft. During the “I Plan My
District” activity, groups discussed marketing strategies for their products. Students learned
communication, technological proficiency, keyword identification, and problem-solving skills.
Despite challenges with peers or unfamiliar software, they overcame them through learning.

Student Journals

According to Oren (2014), using student journals allows researchers to assess and comprehend
the evolution of students' achievements, experiences, reflections, and dispositions toward the
instructional content over time. Students must provide written responses in their journals
following the conclusion of after-school activity sessions. These responses should address their
perceptions of the activity, the knowledge they acquired, the stage of the activity that had the
most significant impact on them, and the specific role they assumed in the distribution of tasks.

Researcher Journals

It is essential to promptly document actions, observations, and noteworthy aspects to ensure
the study plan's progress. Celik et al. (2020) posit that qualitative researchers have the
opportunity to utilize research journals as a means to articulate and critically evaluate their
ideas comprehensively. Utilizing the researcher's journals facilitated the retrospective
examination and correlation of activities undertaken at the commencement and culmination of
each procedural phase.

E-Portfolio

E-portfolios are educational tools that monitor students’ progress and mitigate risks due to
their digital nature. Soland et al. (2013) found that active e-portfolio use enhances self-
awareness and fosters collaboration, learning to learn, communication, and application skills.
Ravitz et al. (2020) emphasized the importance of active technology engagement for acquiring
21st-century skills. This study documented artifacts in students’ e-portfolios, including product
drafts, posters, city models, final products, and user manuals throughout the implementation
process.

Observations

The documentation of observations was crucial for reporting the implementation process and
student outcomes in the action research study. The researcher used video and audio recorders
to enhance the detail of student interactions (Yildirrm & Simsek, 2018). Weekly video
recordings were made and transcribed for analysis.

Data Analysis

Acquiring entrepreneurial skills through the STEM approach requires a systematic and well-
organized framework. The framework is presented in Figure 1. The research data were analyzed
using a descriptive approach, as outlined in the framework. The categorization of
entrepreneurship content involved three key components: knowledge, skills, and attitudes
(Yurtseven, 2020). Figure 1 shows the classification of entrepreneurship based on knowledge,
skills, and attitudes.
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Knowledge Skills Attitudes
D Production and Growth D Innovation and Creativity D Having a Trustworthy Character
D Entrepreneurial Tendency D Focusing on opportunities/Opportunity D Desire for Success
assessment
D Good Communication Skills D Change and Transformation
D Management and Leadership D Flexibility
D Taking Risk D Determination to Work
D Solving Problem D Loving the work they do
D Collaboration
D Decision Making

D Managing Uncertainty

D Persuasion Skills
D Planning

D Critical Thinking

Creating Communication
Channels/Environment

Figure 1. Classification of Entrepreneurship in Terms of Knowledge, Skills, and Attitudes
(Yurtseven, 2020)

All procedures conducted in this action research study involving human subjects complied with
ethical norms. The study was approved by the Eskisehir Osmangazi University Ethics Committee
(Approval number: 2021-09). Informed consent was obtained to ensure that each of the fourth-
grade participants voluntarily chose to participate in the research. Additionally, permission to
publish research findings, including student-generated artifacts and identifiable data, has been
obtained from both the study participants and their parental guardians. The data collection
process, which took place outside the classroom, was conducted in the presence of the
students’ legal guardians.

Results
Knowledge
Production and Growth

The participants emphasized Production and Growth, and the researcher observed students'
progress in this area. At this point, students adopted the perspective of the intended audience
to address the problem. They adapted their knowledge to the problem's context and proposed
potential solutions. For instance, they suggested creating two distinct designs to meet the
needs of those facing the issue. The researcher detailed the situation in their scholarly journal.

After evaluating the products, they discussed their advantages and disadvantages. They
suggested producing two products to offer the public options. (Researcher Journal)
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The students suggested implementing the designs they created, considering cost and usability
factors. They asserted that the applicable designs could be implemented in various regions. S7
emphasized extending the warning system's implementation from a limited neighborhood to
diverse neighborhoods for the dissemination of widespread information. They also advocated
for adopting the system in various cities. S7's statement is presented as follows:

This is not very expensive, but it is slightly above average. It is for use between
neighborhoods, but for large neighborhoods, such as this area, it can be used to connect
to another far-away neighborhood. Someone living in another neighborhood can hear
the sound but cannot see the light. This promotion should be conveyed to every province
in Tiirkiye and exported. (S7)

Entrepreneurial Tendency

The findings examined student progress in acquiring knowledge about entrepreneurial
activities. Students designed individual products and grouped to determine the most exemplary
one. Their goal was to create a cost-effective product accessible to a wide audience.
Affordability and broader accessibility were key considerations. S16 designed a product while
balancing profit maximization with environmental impact, utilizing their entrepreneurial skills.
Their statements suggest this perspective.

Using a brighter light rather than a red light will be cheaper than my suggestion. Let us
try changing the red to something else. (516)

The subsequent statement represents the decision made by S16 regarding the proposition to
manufacture goods utilizing recycled materials.

Yes, it is possible. We can help the environment and reduce our carbon footprint
together. (516)

Skills

Innovation and Creativity

The study found an increase in students' aptitude for innovation and creativity. S3 presented
their independently developed sound and light warning system to peers and the researcher
during the study's initial phase. S4's product, "l am a little engineer," was well-received by most
of its target audience; however, S6 and S1 identified areas for further enhancement. The Little
Builders team's claims focus on originality and imagination.

When the light is green, the risk is minimal. The siren emits a soft sound. When it is
yellow, the threat is moderate. The sounds are slightly louder. | have marked three
distinct siren tones in red for maximum coverage. (S3)

S5 aimed to raise awareness of the disaster by utilizing existing products, such as a minaret,
rather than building new infrastructure for a warning system. The following statements are
based on S5's principles.

We installed streetlights and erected a single iron rod outside town, hundreds of meters
away. The rod’s camera detects oncoming floods, visible from anywhere in the city. A
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cable connects the ground to the rod, delivering the latest news to the mosques and
streetlights. (S5)

Focusing on Opportunities/Opportunity Assessment

Students’ focusing skills, crucial for entrepreneurship, were developed through STEM activities.
S8 discussed assessing water wastage, specifically identifying unnecessary consumption, to
address the entrepreneur’s issue of thirst during a STEM career study. The student’s argument
aligns with this approach.

I think the restroom, Ms. Teacher. When you flush, a lot of water goes down the drain.
(58)

S12 discovered a solution to the aforementioned real-world dilemma:

Our mothers, for instance, often loaded the washer with too little laundry. Wasted
water. (S12)

The Small Builders group members noticed they could effectively expand their target market by
assessing their products and diversifying their offerings.

After evaluating the products, the Little Builders group discussed their pros and cons by
watching a video where S2 explained her product design for the "I am a Little Engineer"
activity. The company claimed that they could produce two products for greater variety.
(Researcher Journal)

$19 and S18 collaborated to solve a problem and presented their product to the team. S19 also
identified ways to ensure equitable access to their products for marginalized individuals.

Although it was designed with deaf people in mind, we will also add vibrations for the
visually impaired. (519)

To highlight the extent of individuals' reliance on their mobile devices, S17 proposed integrating
vibration functionality into their product design. Presented here is the statement of S17:

We set it to vibrate on the phone, so it falls out of their hand even if they cannot see it,
since we know it will not fall out of their hands. (S17)

Communication Skills

The study revealed a significant enhancement in the communication skills of the students. The
Small Builders group members have conducted an assessment of S1's communication abilities
and have documented the following observations:

It was noted that S1 was tense and rude to a few friends while conducting weather
research and creating the graph. (Researcher Journal)

Notably, S1 mellowed during subsequent dates, and after viewing the video of S2
introducing his product, he suggested that his friend give the presentation because of his
superior communication skills. (Researcher Journal)
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S12 expressed their perspective on the significance of effective communication. Presented here
is the explanation of S12:

Not only is there something similar, but it is also beautiful, can be accomplished without
stuttering, and requires no explanation. There is a 98% chance of success if we take
these steps. (512)

Management and Leadership

The evaluation of students encompassed an assessment of their advancements in management
and leadership. The subsequent discourse comprises S4's communication to his team members
concerning leadership and the recommended course of action they should adopt.

Hopefully, | will do it; we will both do it; of course, we will take turns. First, you will share
some info, and then | will share mine. | will respond first if a question is posed to both of
us. (S4)

Furthermore, the research journals have verified that S3 allocated distinct responsibilities to
each group member to create the poster.

S3 coordinated the poster study by determining who would write what, where, and how
on the shared page. He was viewed as a leader due to his independent work style, which
was generally well-received. The typical works of the students are listed below.
(Researcher Journal)

Taking Risk

Students' risk-taking capability was monitored. The Myth Team group considered revisiting
problem-solving and product-design methodologies and presenting an alternative design if
their product did not meet expectations. They also considered scenarios where their product
might not be included, lack aesthetic appeal, or fail to meet expectations. Students shared their
perspectives on their risk-taking tendencies.

We need to apply and notify them of floods, | believe. (S9)

S5 assumed the task of composing the guide. Upon careful examination of the mandatory
software, S5 developed a sense of apprehension regarding their ability to fulfil the assignment
successfully. The following statement is pertinent to the discussion at hand.

S5 of the Small Builders team offered to write up the instructions. He was concerned
about this problem after learning about the Canva program and suggested delegating
the work. (Researcher Journal)

S5 used Canva to create the user manual and shared it with friends before the six-day meeting
with the Small Builders organization. The following is the researcher’s recorded interview
observations.

S5 consulted friends about the product’s components and purposes before creating the
user manual in Canva. Despite solving his problem, he took a chance by writing the
manual himself. (Researcher Journal)
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Problem solving

The progress of the students was monitored about their problem-solving skills. S3 successfully
resolved the issue by devising a solution involving a loud alarm system accompanied by flashing
lights. In this matter, please consider the subsequent statement wherein S3 delineates the
artifact he has created:

When green, the threat is minimal. The siren emits a soft sound. Yellow indicates a
moderate threat. Medium sounds are slightly louder. | will color-code three siren sounds
in red for universal recognition. (S3)

S6 discussed their intention to incorporate provisions for individuals with disabilities during the
development of their inaugural product.

This idea came to me because | mentioned that some people have trouble hearing or
seeing, and others prefer to listen to music through headphones. (56)

S2 elucidated the product's layout in the accompanying video clip. Figure 2 shows the students'
design of their product.

WL

Figure 2. Student Product Design

S11 demonstrated considerable effort in overcoming the challenges encountered in his
academic pursuits despite the lack of recognition from his educators and peers for his problem-
solving skills throughout the academic term.

Collaboration

The participating students’ progress was assessed on their teamwork skills. The first member of
the Small Builders crew successfully overcame obstacles through collaborative effort. S16, a
member of the “Best Engineers in the World” group, actively sought feedback from
authoritative entities about his designed product. Here is S16's statement on the matter:

Teacher, | have created a product that protects against any natural disaster, not just
floods. | even consulted my dad's co-workers, and they shared their thoughts.

The researcher demonstrated Canva, a software tool, to the participants. They designed a
group logo using a shared computer. The text below presents a statement.
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Students in The Best Engineers in the World used Canva for their project. She
demonstrated the program, and students worked on their own devices, showing each
other their screens and collaborating on a logo. (Researcher Journal)

Figure 3 shows the logo prepared by the The Best Engineer of the World group.
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THE BEST OF
ENGINEER

WORLD
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Figure 3. The Best Engineer of the World group logo study

Managing Uncertainty
When determining the cost and profit of the product, member S17 employed their expertise in
managing uncertainty to make informed estimations. S17 puts forth the following claims:

If a high-quality speaker costs 700 lira, then a pleasant vibration device should not cost
less than 500... 16,800 lira. | will cross out the nearby locations. (S17)

The presentation delivered by the Small Builders group was characterized by a pervasive sense
of uncertainty, which can be attributed to their inadequate level of preparation. The following
is the transcript of the group's conversation:

When the floods come, we have a vehicle to get the word out. (56)
To explain, the user guide must first be displayed. Let him (S5) show. (54)

Decision Making

The researchers observed the students’ decision-making skills. They established a friendly
environment for discussion, thanks to their positive relationships, and collaboratively reached
decisions on their designs. Despite design preferences, they developed a cost-effective
collective design. The Engineer Stars group investigated the advantages and disadvantages of
solar energy. After evaluating the information, they decided to use solar energy as a viable
option due to its affordability. The results are presented below.

The Engineer Stars group chose the solar panel due to its environmental friendliness and
cost-effectiveness, as learned from the engineer's knowledge of energy conversion.
(Researcher Journal)

The Small Builders group has acquired many product designs. They must decide which one to
showcase effectively. Here is the researcher's journal statement about decision-making.
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The Small Builders group calculated the cost of their products to determine an affordable
price by comparing it with others. (Researcher Journal)

Persuasion Skills

Students’ progress in Persuasion Skills was monitored. S10 and S7 disagreed on the product
name. The findings are a direct result of the inquiry in this domain.

510 and S7 competed for the product name. S10, like S7, dominated and forced him to
agree to his name. (Researcher Journal)

Creating a Communication Channel/Environment

The analysis focused on students’ ability to establish a medium of exchange for measuring
growth. Researchers found S17 inclined to communicate ideas to a broader audience and had
already identified suitable channels for dissemination. S17’s statement declares their capability
in this area.

I will explain. | bought these items online. People will benefit from using this product. |
plan to draw attention to myself by acting like a used car salesman. (517)

Since participants lacked cell phone access, the researcher created a Google Classroom class
called “4-Entrepreneurs” for communication. Below is the data collected from this line of
communication.

Students enjoyed interacting with the researcher and frequently used the app, as
evidenced by comments in the Google Classroom. (Researcher Journal)

Planning

S6 presented a comprehensive overview to all cohorts, detailing the materials planned for the
Little Builders group's product design, as well as relevant applications and methods of use.

We installed streetlights and erected a single iron rod outside town, with a camera
mounted to record the flood. The camera will be visible from anywhere in the city due to
its widespread presence. A cable transmits information from the ground up to the
mosques and lamps. (S6)

Attitudes
Having a Trustworthy Character

The study examined students’ growth in cultivating a dependable character. Adherence to
obligations and self-assured conduct were significant factors contributing to reliability. The data
is presented below.

S7’s concern about missing a previous lesson demonstrates her responsibility. She never
missed another lesson, and her family supported her. (Researcher Journal)

Desire for Success

Students' development was observed within the context of the Desire for Success attitude. S16
effectively communicated with stakeholders to ensure the product's success. The interview
results are presented below.
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S16 from The Best Engineers of the World group explained that his designed system
warns of floods and other natural events. He consulted his father’s friends and AFAD
members for ideas. (Researcher Journal)

Change and Transformation

The researchers monitored students' receptiveness to change and ability to transform. S13
proposed altering his colleagues' designs to achieve the highest quality and practicality. Here is
his comprehensive statement:

What if most people do not understand? What are your plans? This is not an option. An
app could send a signal. What if this were a phone feature? Nobody might install the

app. (S13)

S6 incorporated design elements from S2 and S3 to create a novel product that caters to a
broader audience at an affordable price. The statement is presented below in its appropriate
context.

In the Small Builders group, member S6 created something new by fusing the concepts of
two earlier products, S2 and S3. (Researcher Journal)

One team member, S8, suggested that the Change and Transformation mindset framework
allows for price modifications for specific products. S8’s relevant statement is:

This is the most cost-effective option for powering it, and it can be done anywhere. A
large battery pack could power it, depending on the price. There is likely at least one
nearby. If the noise level is acceptable, take it one neighborhood at a time. We can
adjust the price if it is not satisfactory.

Flexibility

The researchers observed a significant improvement in students’ ability to adapt to novel
situations effectively. They worked with people outside their social circle, demonstrating
flexibility and independence. The following statements are presented within this context.

Although he was part of the Best Engineers in the World team, S5 from the Small
Builders team had no trouble expressing his ideas. (Researcher Journal)

Participants in the focus group became more willing to participate in interviews. They managed
to schedule interviews autonomously without the researcher’s help. The conclusion follows.

Student members of the Engineer Stars group stated that they planned to continue
working independently of the researcher. (Researcher Journal)

Self-confidence

The students’ progress was assessed based on their self-confidence levels. The findings are
presented in the following sections. S7’s self-assurance was evident in their presentation, as
noted by S16. S16’s perspective on S7 is elaborated on in the following discourse.

The seventh member of S7 has the most assurance. Your assurance and clear
explanation impress me. (516)

88



Design and Technology Education: An International Journal

S$19 and S18, despite their lack of verbal communication, effectively collaborated to conceive a
product, articulate its features to practitioners, and counter objections. These statements were
uttered in this context.

Only S19 and S18 answered our questions. They claimed they planned to meet without
the researcher, but when that failed, they brainstormed a product. Surprisingly, two
students made such a breakthrough, given their silence throughout the research.
(Researcher Journal)

Determination to Work

The students' development was observed in relation to their Work Perseverance attitude. S13
and S11 have provided the following statements and observations regarding.

Teacher, | shared my study idea with my father, an engineer. We examined it, including
the electrical demolition video. (Researcher Journal)

S6 expressed a desire to learn about his friend’s program and develop it. S6’s commitment to
employment is as follows. S11 and S12 were interviewed to gather information for their
product presentations. S11 was enthusiastic about contributing to the presentation. The
observation statement is provided below.

511 prepared a new presentation for the meeting, which S11 and S12 attended. S14 will
create the user guide and add it to the presentation. S11 wants more responsibility and
realizes it. (Researcher Journal)

The following presentation showcases the product designs in Figure 4 created by the team
designated as S11:

Figure 4. A slide from the Presentation of the Engineer Stars Group

It was discovered that S8 believed that he could surmount challenges by adopting a resolute
work ethic.

Loving the work they do

The study examined students’ development in relation to their attitude toward their chosen
pursuits. The results are presented below. The students’ anticipation and enthusiasm for
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activity-based learning heightened their excitement and interest in the subject. Their
statements suggested that students were motivated to work on their projects rather than
attend their courses. However, since this was not feasible, they worked on their projects only
during the designated time. The students’ expressions of enthusiasm are presented as follows.

The students were excited about the study and insisted to the researcher, "Take us from
all courses; let us work.” (Researcher Journal)

At the start of the online interview with the Engineer Stars group, only S14 participated. The
remaining members joined the interview later. Here is the statement about their chosen
occupation.

514 said the other group members did not participate in the live lessons and doubted
they would do so again. The students apologized for being late and joined the lesson.
S14 suggested they have found the work enjoyable. (Researcher Journal)

Students interviewed an electrical engineer for career development and a young entrepreneur.
The observation statement is provided below.

After interviewing the entrepreneur and engineer, their interest and seriousness in the
study increased. (Researcher Journal)

S1, a member of the Small Builders group, found joy in his work and was pleased to share his
knowledge with his peers.

Critical thinking

The analysis focused on students’ cognitive development regarding their critical thinking skill.
Students expressed positive and negative remarks during the design process. The findings are
elaborated in the subsequent section.

Some of S3's friends liked the final product, but others (including S1, S4, and S6) pointed
out flaws. (Researcher Journal)

S7 proposed reinforcing electricity poles to enhance their structural integrity and reduce the
risk of collapse. They also suggested developing a specialized product for this purpose. The
following section presents the results of a comprehensive analysis in this field.

S7 suggested fortifying the poles from below, but S10 deemed it absurd. (Researcher
Journal)

The team from Small Builders developed a method to notify the public of a large-scale power
outage, which they incorporated into their product. However, one acquaintance, S1, expressed
strong disapproval of the plan. The findings are presented here.

S1 criticized the plan to cut power to homes while issuing warnings to the public through
lights and visual cues. They argued it is illogical to further victimize the public by cutting
electricity access. (Researcher Journal)
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The Engineer Stars group proposed a mobile app to alert the public about an impending flood.
However, S13 argued that implementing this option was not practical for the residents. The
details are in the next section.

Some users may not be able to download the app, so it would be more cost-effective and
accessible if the feature were part of the phone's default configuration. (Researcher
Journal)

Upon the conclusion of their presentation, the Engineers Stars group was subjected to the
subsequent critique from S17:

Teacher, | think it sounds false because of how much it costs. (S17)

Coping skills/crisis management

The students' resilience in overcoming challenges has garnered attention. While the literature
on entrepreneurship does not explicitly cover struggle and crisis management skills, these
gualities are evident in the efforts of entrepreneurs. S16 designed a product to document and
inform about various natural disasters, beyond floods. She presented her concept at the AFAD,
receiving feedback that its implementation was unfeasible. S16 intends to develop an
additional product related to the research, but prioritizes realizing this design. The outcomes of
this capability are presented below:

AFAD members stated that it was impossible to produce the product due to specific
issues, but $16 insisted that a screen could reflect natural events and take precautions.
The student was upset but vowed to improve the product if he consulted others and
found solutions. (Researcher Journal)

On the presentation day, the Myth Team group failed to show the S10 video. S10 said there
was a brief delay loading it. This statement fits this competency.

After figuring out why S10's presentation would not open, he could complete it.
(Researcher Journal)

Discussion
Knowledge

The concept of the invention is observed despite the absence of explicit references in Hisrich
and Peters (1989) and OECD (2015). Nations must prioritize the development of successive
cohorts deeply ingrained with this guiding principle to achieve equilibrium between production
and consumption, thereby exerting a substantial influence on the future trajectory (TUSIAD,
2017). Ugak and Erdem (2020) emphasized the relationship between production and economic
advancement, noting that nations achieve growth through heightened output. This viewpoint
can be traced back to the Industrial Revolution. The marketing process is crucial for product
growth and development. Entrepreneurial talents are indispensable. The study’s findings
indicate that knowledge acquisition and development in production and growth can be
attributed to STEM activities.

Successful entrepreneurs possess specific skills, including adequate capital, thorough feasibility
studies, access to financial resources, constructive competition, and investing in profitable
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areas. Etemand (2004) emphasized the importance of international orientation, global thinking,
and business financing for entrepreneurs. Students demonstrated an understanding of
environmental impacts and recycling practices, as well as market dynamics through price
research, innovation fostering, and effective communication, as shown in their posters. They
also showed familiarity with entrepreneurship. Previous research on primary school
entrepreneurship education has focused on basic concepts, identification, and advertising
strategies. Evidence suggests that students may be predisposed to certain entrepreneurial
practices due to their participation in STEM activities.

Skill

The study found that students displayed behaviors and expressions within the Innovative and
Creative skills domain. This skill is listed in various entrepreneurship skills tables, including
those of Akyirek and Sahin (2013), Ethemand (2004), Hisrich and Peters (1989), and Morris
(1998). TUSIAD (2017) emphasizes the importance of these skills, noting their increasing
demand. Jacobs (1989) suggests that creativity can solve problems. The study observed that
students demonstrated their innovative and creative skills, especially in the later stages of the
intervention, which was likely due to the STEM activities. The inherent characteristics of STEM
education enhance creativity, and engaging in STEM-based activities improves entrepreneurial
skills.

Entrepreneurship requires the ability to focus on opportunities. For an entrepreneurial
movement to thrive, individuals must acknowledge their limitations and see them as
opportunities. Cetinkaya-Bozkurt and Alparslan (2013) defined an entrepreneur as someone
who seizes opportunities, emphasizing the importance of this aptitude. Students were allowed
to explore their skills and demonstrate their abilities in the research. Tekbiyik and Cakmakgi
(2018) emphasized the importance of recognizing and developing students' skills by
incorporating STEM applications. It is crucial to cultivate self-confidence in primary school
students by providing opportunities for self-discovery and knowledge sharing. Students
demonstrated a proactive approach to knowledge dissemination and a heightened ability to
identify details in product design, transforming them into opportunities. This enables students
to acquire and develop the aptitude to focus on prospects in E-STEM endeavors.

Studies identify cooperation as a skill, but communication skills are inconsistent (Akgiindiiz et
al., 2015; TUSIAD, 2017; Ucak & Erdem, 2020). Effective communication is crucial for
establishing and sustaining cooperation. Students with communication difficulties disengage
from research due to ineffective collaboration. Effective communication is essential for group
planning and decision-making. Jacobs (1989) found a comprehensive overlap among the
aspects of skill teaching. Observing a student's expression reveals multiple skills. Cultivating
effective communication, a key entrepreneurial competency, can be facilitated through STEM
activities.

Cetinkaya Bozkurt and Alparslan (2013), Morris (1998) and TUSIAD (2017) lack management
and leadership skills in their analyses. The report by TUSIAD (2017) suggests enhancing
administrative practices in response to rapid technological advancements, increased
information accessibility, and information overload. Ucak and Erdem (2020) argue that
individuals should lead change within themselves. Jacobs (1989) suggests students can assume
leadership roles in cooperative learning environments, especially in project-based studies.
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Students demonstrated leadership qualities across various academic disciplines in multiple
studies. Implementing activity-based studies with diverse courses and content develops
students' self-assurance, highlights leadership abilities, and fosters entrepreneurship. STEM
activities facilitate leadership skill development.

Risk-taking skills, though not part of 21st-century skills, are often discussed in entrepreneurial
literature. Scholars (e.g., Agca & Yumusakipek, 2015; Yilmaz & Siinbiil, 2009) define
entrepreneurs as risk-takers. Hisrich and Peters (1989) emphasized the importance of risk-
taking for students to gain new knowledge and face setbacks, while TUSIAD (2017) underscored
the importance of risk-taking in STEM to promote innovation. In this study, students' risk-taking
abilities were identified and found to improve over time.

Entrepreneurship skills include identifying and analyzing problems, generating viable solutions,
and understanding students' cognitive processes. Problem-solving is a primary subcomponent
of engineering skills, and integrating it into the curriculum is crucial for developing competent
individuals. The Organization for Economic Cooperation and Development emphasizes the
importance of engaging students in real-life problem-solving scenarios to foster entrepreneurial
skills. Research indicates that students with enhanced problem-solving skills, a subset of
entrepreneurial skills, tend to exhibit better performance in STEM activities that involve real-
life problems. Collaboration between industry, educational institutions, and educators is
essential for adequate STEM studies and addressing STEM-related challenges. STEM activities
facilitate the development of collaborative working skills.

In the literature, tolerance for uncertainty is described as the ability to cope with situations
where information is incomplete or unclear, rather than as having little uncertainty.
Comprehensive explanations of this skill in relation to uncertainty were unavailable. Research
findings suggest that students’ recent acquisition of market sensitivity and inadequate planning
contribute to the emergence of uncertainty. However, students effectively navigate and
address these uncertainties. STEM activities enhance the skill to handle ambiguity and
unpredictability effectively.

Cetinkaya Bozkurt and Alparslan (2013) and Hisrich and Peters (1989) include decision-making
skills in their statements. Gencer et al. (2019) emphasize their importance in engineering
abilities, while Ugak and Erdem (2020) highlight their commonality in technology skills.
Research shows that students use decision-making skills during problem-solving and facilitate
cooperation in collaborative tasks. Therefore, engaging in STEM activities is crucial for acquiring
and enhancing decision-making skills.

The OECD’s 2015 publication mentions planning skills, while the ISTE (2016) categorizes them
as “Organizing Information,” involving resource allocation and strategic information
management. STEM activities aim to develop products, so students must plan and execute
product creation consistently. Integrating a STEM product into society requires qualification to
align with societal needs. Students must strategically organize each phase of conceptualization,
design, and production for public consumption. Yurtseven’s (2020) research suggests that
primary school students can develop planning skills if supported explicitly. Agca and
Yumusakipek (2015) argue that planning helps businesses maintain focus on objectives.
Empirical evidence suggests that students who plan and execute projects consider the societal
benefits. STEM activities enhance entrepreneurial planning skills.
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Students' critical thinking skills were evident in their development of different perspectives
throughout the design process, their ability to offer suggestions, and their willingness to
express opposing views. Participants demonstrated the cognitive aspects of critical thinking by
evaluating technical proposals based on both logical reasoning and social impacts. Critical
thinking is a crucial 21st-century skill supporting STEM education. Yurtseven (2020) suggested
engaging in activities and using training tools to acquire critical thinking skills. Empirical
evidence shows a positive correlation between directing attention to potential avenues and
critical thinking. Developing critical thinking involves continuous inquiry and reflection, enabling
individuals to discern and seize opportunities. However, as Willingham (2007) argues, critical
thinking is not a generic skill that can be taught in isolation; it is deeply tied to domain-specific
knowledge and requires sustained practice to be effectively applied.

Ethemand (2004) emphasized the ability to create communication channels. The International
Society for Technology in Education's (ISTE, 2016) student standards, titled Creative
Communicator, emphasize choosing suitable communication channels and seamlessly
incorporating products into appropriate platforms. Students need appropriate communication
channels for designing and presenting products in STEM and entrepreneurship activities online.
Research has found that engaging in STEM activities can enhance essential skills in
communication technologies, which are crucial in contemporary society.

The concept of tackle is evident in Tarhan’s (2019a) study. Students feel despair when creating,
finalizing, valuing, and defending products compared to others. They need skills to manage this
process effectively. Struggle skills include persistence in decision-making, emotional
intelligence, and problem-solving. Akylirek and Sahin (2013) and Ethemand (2004) identified
and included these three skills in their list of entrepreneurship skills.

Attitude

Upon careful observation during the study process, it became apparent that behaviors and
expressions associated with a dependable character closely resemble those of a responsible
individual. While entrepreneurship is not explicitly mentioned in the literature, it is plausible
that entrepreneurship encompasses responsible and reliable attitudes. Two conceptual
frameworks were used to examine this topic. Several studies (Ercan & Stinbil, 2009; Gencer et
al., 2019; Jacobs, 1989; Ucak & Erdem, 2020; Ustu, 2019) focused on responsibility but
neglected reliability. Jacobs (1989) argued that children develop responsibility and
independence as they fulfil their obligations. The study’s findings supported this assertion. S11
earned the trust of his peers and educators through conscientious duty. Analysis revealed that
STEM activities foster a dependable character.

The absence of the desire for success was observed in Morris’s (1998) work and the OECD’s
(2015) findings. Ercan and Stinbl (2009) discussed the importance of taking risks for success.
Evaluating this disposition alone is imprudent. Individuals aspire to professional success, but
circumstances play a significant role. Success following a risk-taking endeavor requires
perseverance and persistence despite setbacks and failures. It also involves emotional
challenges. The research found that students experienced various emotions and situations
during the 9-week study, but their primary goal was optimal outcomes for their presentation.
Based on these rationales, STEM activities can cultivate students' inclination towards achieving
success.
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The change and transformation aspect of attitude is not included in Ethemand (2004) or the
OECD (2015). Morris (1998) found that this attitude was the most effective in implementing
initiatives. Technological advancements require significant skill changes, as indicated by TUSIAD
(2017) and Ucak and Erdem (2020). Yilmaz and Stinbil (2009) found that recognizing change
leads to identifying opportunities. Due to the COVID-19 pandemic, the planned in-person
research was initially adapted to an online action research methodology. The research found
that students adapted to the change and enhanced their attitude.

The literature on entrepreneurial skills does not emphasize flexibility. Ustu (2019) observed this
attitude in collaborative work, where diverse perspectives are accepted. Adopting a flexible
mindset and adaptive behavior is crucial in a collaborative professional setting. U¢ak and Erdem
(2020) found that flexible behavior depends on adapting to innovations. Students showed a
disposition towards adaptability and cognitive abilities in both scenarios. Based on the
research, engaging in STEM activities facilitates the development of a flexible mindset.

Self-confidence, defined as a key entrepreneurial trait by Yilmaz and Sinbl (2009) and a blend
of self-confidence and respect by Ethemand (2004), is essential for developing students’
entrepreneurial characteristics, as evidenced by increased self-confidence and positive
attitudes toward STEM activities (Yurtseven & Ergiin, 2018). Perseverance, identified as a
critical entrepreneurial attribute (Hisrich & Peters, 1989; Yurtseven & Ergilin, 2018; Yurtseven,
2020), is demonstrated by students’ determination and commitment in STEM participation.
While Hisrich & Peters (1989) discussed job satisfaction, Yilmaz and Siinbiil (2009) emphasized
performing duties with ardor and resoluteness. Students' enjoyment of academic tasks and
independent interviews suggests a clear link between positive attitudes toward STEM activities
and the development of entrepreneurial skills such as self-confidence, perseverance, and work
satisfaction.

Implications

While we acknowledge the need for caution regarding the complexity of entrepreneurial
practices at the primary level, our findings suggest a critical distinction between skill
internalization and explicit demonstration. We argue that while the students may not have fully
presented these skills in a conventional or professional manner, we frame these results as
exploratory evidence that cognitive acquisition of these skills often precedes the ability to fully
articulate or showcase them. Recognizing this developmental trajectory allows us to appreciate
the structural impact of the applied pedagogical strategies. STEM-based action research
interventions in primary school classrooms are an effective strategy for fostering foundational
entrepreneurial skills early in students' development. Specifically, the success of utilizing
authentic contextually relevant scenarios indicates that educators should incorporate place-
based cases to enhance student engagement and the practical application of skills such as
problem-solving and risk-taking. It is also advisable that engineers engage in collaborative
research to thoroughly explore the subject matter. Ultimately, these findings advocate for a
curriculum shift that merges technical STEM literacy with entrepreneurial competencies to
better equip young learners for future economic and innovative demands.
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Abstract

Engineering Graphics and Design is a South African school subject which is foundational to
fields such as mechanical, electrical, and civil engineering. However, persistent shortcomings
in this subject’s instruction have been documented in the South African National Senior
Certificate examiners' reports over the past decade. These issues stem primarily from
ineffective instructional strategies and a lack of structured reasoning development. These
methodological deficiencies may influence the development of learners’ visuospatial
reasoning skills and conceptual understanding. The situation is exacerbated by the fact that
no model for developing such conceptual understanding and reasoning currently exists in
the Engineering Graphics and Design field. The need for such a model prompted our search
for a suitable model for the structured development of visuospatial reasoning skills,
culminating in this conceptual paper. We address the gap by demonstrating how the van
Hiele model of geometric reasoning can be particularised to suit the needs for the
development of visuospatial reasoning skills in this subject. Our methodology involved the
extraction of nine cognitive descriptors from the relevant literature dealing with the van
Hiele model. We explain how these descriptors align with Engineering Graphics and Design
reasoning requirements. The proposed model offers both diagnostic capabilities for
assessing student reasoning levels and instructional guidance for systematic skill
development. It is recommended that empirical studies be conducted to test the usability of
this repurposed model both in teaching and in the evaluation of the levels of reasoning in
assessments.

Keywords
Engineering Graphics and Design; van Hiele model for geometric reasoning; visuospatial
reasoning; orthographic and isometric drawing

Background

Engineering Graphics and Design (EGD) is an elective subject offered to Grades 10- 12
learners in South African schools. In this subject, the language of the field is introduced
complete with its own operational symbols, lines, and grammatical rules (Bertoline et al.,
2011). This language enables verbal and non-verbal communication, allowing technical ideas
to be conveyed with clarity. For many EGD learners, essential reasoning skills are poorly
developed or lacking (Khoza, 2014; Ramatsetse et al., 2023; Sotsaka & Singh-Pillay, 2020).
Information obtained from the South African National Senior Certificate (NSC) examiners’
reports for EGD, indicates that Grade 12 learners make certain persistent errors
(Department of Basic Education, 2021, 2022). These reports include the following: the
inability to read and interpret engineering drawings; difficulty in analysing and planning;
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displaying poor knowledge of EGD conventions; poor analysis of question data and
requirements; poor planning; poor transfer of Grades 10 and 11 knowledge; inability to
calculate simple volumes and areas; misconceptions with orthographic projections; inability
to construct and rotate solid geometry figures; inability to convert orthographic multiviews
to isometric views; poor execution of assembly drawings; incorrect hatching of sectioned
views; and poor visualisation abilities in navigating between 2D and 3D spaces. The teaching
and learning of visuospatial reasoning (VSR) is a thread which lies across most of the
problematic areas that have been highlighted in these examiners’ reports of the last 11
years.

VSR is also referred to as spatial intelligence, spatial thinking, spatial cognition and spatial
expertise (Hegarty, 2010). The domain of spatial reasoning ability is contentious as much
research has been conducted on it, yet defined attributes appear fragmented, and a single
definition does not yet exist (Seery et al., 2015). Newcombe and Shipley (2014, p. 2) argue
against the notion of a unitary approach to VSR and state that, "Sadly, the truth is that a
hundred years or so of work with existing tests and statistical techniques has not arrived at a
cohesive view of the structure of spatial intellect".

The 2021 Department of Basic Education report alludes to problems with teacher
competence, as evidenced by an analysis of Grade 12 final examinations. It may well be that
the problems lie within the schooling system itself. Hurrell (2021) contends that schooling
systems that focus more on procedural knowledge than conceptual knowledge are prone to
encourage superficial learning, which negatively impacts the transfer of learning.

Research by Makgato (2016) on preservice EGD teachers found that they are generally
underprepared in terms of their VSR ability. Potter et al. (2009) conducted longitudinal
studies on EGD over a period of two decades and found that most first-year university
students experienced difficulties with VSR.

A similar situation exists in other parts of the world where preservice teachers were found
not to know the basic concepts well enough to understand complex concepts and to teach
at the correct level (Cunningham & Roberts, 2010). Globally, spatial training is historically
missing from most curricula (Taylor & Hutton, 2013; Uttal et al., 2013; Potter et al., 2009).
As an unintended consequence, many students in STEM fields who display low levels of
spatial ability are dropping out of tertiary education (de Rosa & Fontaine, 2018). As a
compounding factor, the White Paper on Post-school Education and Training presented by
the Department of Higher Education and Training (2013) hints at current lecturer
shortcomings, especially in STEM subjects.

Although considerable progress has been made to increase enrolment in STEM fields, drop-
out rates are undermining attempts to retain and grow student numbers in such
programmes (Pinxten et al., 2015). To curtail the drop-out trend in STEM fields, it is vital to
employ strategies for the early detection of at-risk students regarding spatial ability (Potter
et al., 2009; Khoza, 2014; Pinxten et al., 2015). Battista (2007, 2011) argues for the need to
understand students' thought processes in order to provide them with a meaningful
education. It is essential to identify the cognitive processes that underlie geometry
processes in learners in order to determine the nature of the difficulty they are experiencing
(Duval, 2006; Lithner, 2000; Battista, 2007; Makina & Wessels, 2009). Scaffolding the
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development of students' spatial abilities has become a crucial concern in spatial ability
research (Buckley, 2018; Luh & Chen, 2013; Gal & Linchevski, 2010; Uttal et al., 2013).
However, Taylor and Hutton (2013) argue that efforts towards developing spatial ability
should focus on the teaching process rather than modified or additional content.

Conceptual knowledge in EGD involves VSR skills. Research findings suggest that it is
common for teachers of EGD to lack the teaching skills required for learners to develop such
skills (Khoza, 2014; Perez Carrion & Serrano, 2012; Singh-Pillay & Sotsaka, 2016). Teachers
are often unable to master certain spatial and geometric concepts themselves and may
therefore, by default, impart the same misconceptions to their learners (Kell et al., 2013;
Khoza, 2017; Verdine et al., 2017). In addition, EGD teachers often experience difficulties
with certain subject content and lack the understanding to plan effective teaching and
learning experiences (Khoza, 2017; Maruni¢ & Glazar, 2014). Documented research shows
that teachers' own spatial skills influence their pedagogical choices: weaker spatial abilities
lead to reduced use of spatial tools like sketching, manipulatives, diagrams, and gestures in
teaching, and are often accompanied by increased spatial anxiety, particularly with regard
to the manipulation of 2D and 3D objects that may limit students' learning opportunities
(Atit & Rocha, 2021).

Interest in the efficacy of pedagogical practices in Science, Technology, Engineering, and
Mathematics (STEM) education is on the increase due to the significant correlation between
STEM students’ performance and spatial reasoning skills (Carbonell Carrera et al. 2011;
Cheng & Mix, 2014; Harle & Towns, 2011; Maruni¢ & Glazar, 2014; Sorby, 2009; Uttal &
Cohen, 2012). Studies by Delahunty et al. (2020) and Wai et al. (2009) on the
conceptualisation of STEM problems confirm Tversky’s (2005) belief that advanced spatial
skills utilise VSR processes that generate substantial mental representations of problems for
successful problem solving. Delahunty et al. (2016) caution that the etiological relationship
between STEM success and spatial reasoning ability is not yet well understood.
Nevertheless, McLain (2022) states that the unique pedagogical approaches and
instructional strategies of Design and Technology education can be of value to a broad and
balanced curriculum.

As a subject, Engineering Graphics and Design is not the sole proprietor of spatial reasoning:
substantial research links spatial reasoning skills to mathematics and STEM teaching and
learning across grades. Lowrie and colleagues conducted large-scale intervention studies
demonstrating that spatial training programs significantly improve both spatial reasoning
and mathematics performance in primary school students (Lowrie, Logan, & Ramful, 2016;
Lowrie, Logan, Harris, & Hegarty, 2018). Importantly, these improvements extended beyond
geometry and measurement tasks to include number and algebra problems, suggesting that
the development of spatial reasoning skills supports a wider range of mathematical thinking.
There is therefore a sound argument based on empirical support for the development of
explicit instructional frameworks in spatially demanding disciplines like Engineering Graphics
and Design.

Teachers' spatial abilities significantly influence instructional approaches. Nationally
representative data reveal substantial variation in spatial skills across teacher types:
secondary STEM teachers possess spatial skills 0.8 standard deviations higher than
preschool and primary teachers, with differences persisting after controlling for intelligence
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and gender (Atit, Miller, Newcombe, & Uttal, 2018). Compared to the general population,
79% of secondary STEM teachers demonstrated above-average spatial skills, versus only
47% of preschool and primary teachers. These disparities are concerning given that spatial
skills are fundamental to STEM learning from early educational levels (Atit & Rocha, 2021).
These findings have direct implications for Engineering Graphics and Design teacher
preparation. Professional development addressing teachers' own spatial reasoning,
combined with pedagogical frameworks supporting systematic spatial instruction, may be
essential for ensuring effective instruction. The adapted van Hiele model provides such a
framework, enabling teachers to diagnose students' conceptual understanding, identify
misconceptions, and design appropriately sequenced instruction.

The design of effective instructional systems must be grounded in a clear understanding of
the interrelatedness of cognitive processes that support effective VSR (National Research
Council, 2006). The interrelatedness of spatial factors and their numerous implications for
teaching and learning in STEM places a responsibility on teachers to understand VSR on a
deeper level (Delahunty et al., 2016). Several researchers mention a gap between
understanding the complex cognitive involvement with VSR tasks and the absence of a
tailormade framework to classify the different cognitive processes (Buckley & Seery, 2016;
Newcombe & Shipley, 2014; Pittalis & Christou, 2010; Seery et al., 2015).

But what is VSR actually? Sir Francis Galton (1883) is credited for the conceptualisation of
the construct of spatial reasoning ability using mental imagery studies as early as 1880
(Mohler, 2008). In Thorndike's (1921) work, "mechanical intelligence" was defined as the
ability to visualise relationships among objects and to comprehend various functions of the
physical world. Thurstone (1938) suggested a "space" factor as a mental ability to process
spatial and/or visual images. He was among the first to propose that intelligence is not a
singular factor and demonstrated his ideas through his Multiple Factors theory. Thurstone
(1950) used abstract terms to propose three factors central to spatiality, S1, S2 and S3.
Mental rotation (S1) is the ability to maintain recognition of objects when a change in their
orientation occurs. Spatial visualisation (S2) is defined as the ability to recognise the
components of objects being displaced from their original position. Spatial perception (S3)
relates to spatial orientation by manipulating one's own body orientation. These definitions
were subsequently replaced with terms that most people could relate to. In general terms,
spatial visualisation is the capacity to visualise objects in space and to be perceptive of the
internal and external relationships which allow them to be transformed and manipulated.
Spatial reasoning skills are mental functions to reason about spatial relationships in
imagined and real spaces and manipulate and organise mental images (Newcombe &
Shipley, 2014; Uttal et al., 2013).

Hendel (2021) posits that hierarchical teaching and learning models such as those devised
by Bloom et al (1956), Gagne (1985), Van Hiele (1986), Anderson and Krathwohl (2001) and
Marzano (2001), have led to educational improvement across the globe. However, a
tailormade framework for geometric reasoning in EGD has remained elusive. The literature
in this regard points to several obstacles in STEM education and, in particular, to EGD,
where research is needed to provide effective teaching and learning. The purpose of this
article is to demonstrate how the framework gap can be filled by particularising a version of
the van Hiele model for geometric reasoning for use in EGD. Therefore, the question that
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would guide our research was framed as follows: how can a proven framework for
geometric reasoning skills be repurposed for use in EGD?

Understanding concepts in Engineering Graphics and Design

In educational research, concepts represent organising principles that structure
understanding within a domain, distinct from procedural knowledge. In mathematics,
concepts such as "equivalence" or "function" represent fundamental organising ideas,
whereas procedures represent specific solution steps. Similarly, in science, concepts like
"energy transformation" provide frameworks for organising and interpreting phenomena.
Thus, conceptual understanding involves the “why” of an organisational principle, whereas
procedural knowledge refers to the “how” or the steps in implementing such a principle.

Within Engineering Graphics and Design, concepts represent fundamental principles
underpinning spatial reasoning, projection systems, and technical communication. Nabutola
et al. (2018) identified ten fundamental concepts through multi-institutional collaboration:
Visualising in 2D and 3D, Mapping between 2D and 3D, Planar Graphical Elements, Sectional
Views, Methodologies for Object Representation, Projection Theory, Parallel Projection
Methodologies, Drawing Conventions, Dimensioning, and Solid Modelling Constructs.

Consider projection theory as an example. This concept deals with the principles governing
how three-dimensional objects are systematically represented in two dimensions, not
merely procedural steps for creating views. Conceptual understanding includes grasping
geometric relationships between projection planes, understanding why views align in
specific configurations, and recognising how dimensional information transfers between
views. Students with strong conceptual understanding can explain why projections work and
they can flexibly apply principles to a variety of contexts, whereas procedural knowledge
enables correct execution, i.e. how to do it, without understanding underlying geometric
principles.

The distinction between conceptual and procedural knowledge has significant instructional
implications. Nabutola et al. (2018) prove that building on poor conceptual foundations
leads to misconceptions and academic problems. Misconceptions—systematic errors in
understanding, rather than random errors— persist and compound as students encounter
more complex material. Students commonly exhibit specific misconceptions about core
concepts, like view orientation, projection layout conventions, or alignment relationships
(Nabutola et al., 2018).

The van Hiele model adaptation provides a developmental framework for conceptual
progression in geometric reasoning. Just as the original model describes how geometric
thinking develops through increasingly sophisticated conceptual levels, the adapted model
provides teachers with structured approaches for supporting students' progression from
informal spatial intuitions through formal conceptual frameworks.

Filling the framework gap

Delahunty et al. (2016) state that the interrelatedness of spatial reasoning ability factors has
numerous implications for STEM education. Yet, two years later, when Buckley (2018)
conducted intensive research on the factors that encompass our understanding of spatial
reasoning ability, he found that a single, suitable framework still did not exist. Both STEM

104



Design and Technology Education: An International Journal

teachers and students generally find VSR to be problematic (Clark & Ernst, 2012; McLaren,
2008; Metraglia et al., 2015; Ruckpaul et al., 2015). Frameworks specific to the effective
teaching and learning of EGD with VSR as the central construct are lacking.

In our search for an appropriate theoretical framework, we considered the Structure of
Observed Learning Outcomes (SOLO) of Biggs and Collis (1982), the Six-Stage Theory of
Dienes (1960) and the Actions, Processes, Objects, and Schemas (APOS) theory (Dubinsky, &
McDonald, 2001). Biggs and Collis (1982) created the SOLO model which facilitates the
teaching and learning of geometry through a structured framework of assessment of
learners' geometry insight at different levels. The SOLO model advocates progression from
surface-level understanding (identification of shapes and their basic properties) to deeper,
more complex reasoning (analysis of relationships for applying existing schemas in new
contexts), without defining cognitive milestones.

The Six-Stage Theory of Dienes (1960) focuses on the progression of thinking using concrete
manipulatives which gradually makes way for abstract thinking. This theory lacks a structure
of hierarchical cognitive levels of thinking and does not provide learning/teaching phases.

The APOS Theory (Dubinsky & McDonald, 2001) focuses on learners’ mental structures of
action, reasoning processes, and schemas to explain how mathematical concepts are
understood. In learning geometry, learners progress from performing actions such as
constructing shapes to generating schemas for complex geometric relationships. However,
APOS is more appropriate for developing general mathematical concepts rather than
geometry-specific thinking.

In contrast, the van Hiele model does provide a hierarchical cognitive structure to describe
the development of geometry-specific thinking, thus remedying what may be seen as
shortcomings in the models we discuss above. In this regard, Braithwaite (2022) argues that
the van Hiele model may be immutable in terms of other, non-geometry mathematical
areas, which, in turn, may be conducive to cognitive rigidity. Braithwaite (2022) emphasises
the dependence in geometric proof on such skills as visualisation, which he deemed to be
less useful in other mathematical areas. However, the van Hiele model has proven its
usefulness in geometry education by virtue of its structured hierarchical framework, in
which cognitive skills are acquired through a scaffolded teaching and learning process
(Karakus & Peker, 2015).

The van Hiele model characterises students' learning of geometry on hierarchical levels of
reasoning (Fuys et al., 1988). The model also proposes five learning phases to improve
students' acquisition of reasoning levels by arranging the learning environment according to
their prior learning and ability to acquire new levels of reasoning (Karakus & Peker, 2015).
Content that builds onto previous-level cognitive acquisitions can be strategically integrated
into the learner's prior body of knowledge by taking cognisance of foundational concepts
that should already be acquired. Most studies based on the van Hiele model have only
considered the learner-centred part of the model that focuses on cognitive diagnostics
(Slavin, 2018).

Guided by Slavin’s (2018) thoughts on van Hiele’s five learning phases, it is our contention
that the teacher-centred part of the van Hiele model is just as important, and efforts to
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focus purely on diagnostics will not necessarily lead to practices of improved teaching and
learning. The van Hieles developed the hierarchical levels to separate different cognitive
skills and to demonstrate how instructional strategies should be designed for learners to
progress through the levels. The process allows students to cycle and re-cycle through the
learning phases to address the non-acquired conceptual skills until they achieve
competence.

The five instructional/learning phases suggested by the van Hiele model should incorporate
the following cognition areas through the hierarchy of cognitive levels of reasoning:

1. Recognise and differentiate between 2D shapes and 3D objects according to their
order of governing properties.

2. Use the principles of both informal and formal inductive and deductive reasoning to
relate figure properties within same objects and across different 2D and 3D views of
the same object.

3. Identify and distinguish between the necessary and sufficient conditions for a
concept to form meaningful definitions towards formal arguments to justify a
reasoning path.

4. Apply critical, logical reasoning through theorems, axioms, and definitions in the
context of EGD's axiomatic systems.

5. Apply logical reasoning in structuring figure properties and manipulating intrinsic
characteristics of relations to derive further information from given data (transition
pieces with branches of interpenetration require such reasoning).

6. Acquire technical language through which the properties of concepts can be
described.

7. Forge new relationships between concepts while maintaining, refining and renewing
existing concepts. For students to progress through the levels of reasoning,
conceptual understanding of such re-arrangements must occur.

The van Hiele model has not been particularised for EGD or any other STEM fields besides
mathematics. Usiskin (1982) states that cognitive development in geometry can be
accelerated through the van Hiele levels by purposeful instruction, exploration, and
reflection. Jaime and Gutierrez (1995) noted, "the van Hiele model of mathematical
reasoning has become a proven descriptor of the progress of learners' reasoning in
geometry and is a valid framework for the design of teaching sequences in school geometry'
(p. 592). Pittalis and Christou (2010) argue that not enough research has been conducted to
understand VSR phenomena from an integrated visuospatial and geometry perspective in
subjects where learners have to switch mentally between 2D and 3D transformation of
objects. EGD is such a subject.

The appropriateness of adapting the van Hiele model for Engineering Graphics and Design is
further supported by research demonstrating that spatial and geometric understanding
develops through hierarchical levels of increasingly sophisticated conceptual frameworks.
Lowrie and colleagues' implementation of the ELPSA (Experience-Language-Pictorial-
Symbolic-Application) pedagogical framework for spatial reasoning instruction is similar to
the van Hiele model, with both frameworks recognizing that learners progress from
concrete, experience-based understanding through increasingly abstract and formalised
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reasoning (Lowrie & Patahuddin, 2015; Lowrie et al., 2018). The ELPSA framework begins
with experiential, hands-on engagement, progresses through language development and
pictorial representation, advances to symbolic manipulation, and culminates in flexible
application—a developmental sequence that parallels the van Hiele levels' progression from
visual recognition through informal and formal description to relational reasoning. Similarly,
research on engineering graphics concept development demonstrates that students'
understanding progresses from recognition of surface features through increasingly
sophisticated grasp of underlying geometric and projection principles (Nabutola et al.,
2018), further supporting the applicability of hierarchical models like van Hiele to
engineering graphics domains.

The van Hiele model of geometric reasoning

A husband-and-wife team from the Netherlands, Pierre van Hiele and Dina van Hiele—Geldof
postulated a theory in 1957 for the teaching and learning of geometry, based on their
research on how learners progress through learning geometry concepts. In the 1960s,
education specialists in the Soviet Union redesigned the geometry national curriculum. The
results were so good that they caught the eye of American researchers like Usiskin (1982)
and Senk (1985). Their work changed the teaching of geometry on an international scale.

Pierre and Dina van Hiele believed that most of the problems experienced by learners are
situated in instructional practices rather than in the cognitive processes utilised for
geometry reasoning (Pegg, 2020). The model consists of five hierarchical levels of cognitive
reasoning (Pegg & Davey, 1998), which they numbered from 0 to 4. The American version of
the model has the levels labelled from 1 to 5. Pierre van Hiele stated that "the levels are
situated not in the subject matter but in the thinking of man" (Van Hiele, 1986, p. 41).
Henceforth, the levels are referred to as VH1 through to VH5. Each level is defined by
cognitive descriptors of how learners reason as they progress in a linear order from Level 1
to Level 5. Figure 1 represents the hierarchical structure of the van Hiele model's five
cognitive levels of reasoning.
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Figure 1: Van Hiele’s five levels of cognitive reasoning
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Five levels of cognitive reasoning

VH1: Recognition

Figures are visually recognised by their global characteristics (Abdullah & Zakaria, 2013;
Gutierrez, 1992). Figures such as squares, triangles and parallelograms are recognised
according to their shape, but learners are not yet able to identify figure-properties explicitly
(Burger & Shaughnessy, 1986). This level is characterised by learners' ability to observe
shapes, take them apart, and rebuild or manipulate them somehow. The focus is on the
classification of shapes by exploring their similarities and differences, physically and
mentally (van de Walle et al., 2019). In the area of EGD, competency on this level is an
assumption because shape recognition is foundational to the field. Since reasoning on Level
1 is intrinsic to visuospatial reasoning of any kind, this level is not included in our application
of this model to EGD.

VH2: Analysis

Learners start to consider classing shapes by analysing the properties of figures and learning
to describe them appropriately by their technical terminology but are still unable to
interrelate the properties within a figure or a figure with other figures (Haviger &
Vojklvkova, 2015; Watan & Sugiman, 2018). Learners focus on one class of shapes and can
reason that rectangles are rectangles because they have four sides, with opposites being
parallel and four 90° angles, their opposite sides equal lengths, and diagonals being equal in
length (Curran, 2015). Size and orientation are not considered at this level. Learners begin to
grasp those shapes that belong to a certain class, such as cubes, and share corresponding
properties. For example, the six congruent faces of cubes are all squares (van de Walle et al.,
2019).

VH3: Informal deduction

Learners move beyond just considering figure properties, but also the sufficiency of
necessary conditions that allow them to find the relationships between properties of
specific shapes (Curran, 2015; Feza & Webb, 2005). Learners apply short deduction steps to
arrange the properties of figures logically, and they can grasp such concepts as class
inclusions and other interrelationships between figures (de Villiers, 2010; Gutierrez, 1992).
Many learners experience difficulty with geometry because of their inability to move
beyond VH3 (Haviger & Vojkavkova, 2015). When learners no longer focus only on one
particular shape and start to identify other object properties, relationships between various
properties of an object and related objects start to make sense. According to van de Walle
et al. (2019, p.505), "If all four angles are right angles, the shape must be a rectangle. If it is
a square, all angles are right angles. If it is a square, it must be a rectangle." When learners
start to engage in if-then reasoning, they are able to use a minimum set of defining
attributes to classify shapes. The ability to engage in informal logical reasoning is a signature
attribute of Level 3 reasoning. Because they comprehend various properties of shapes, they
can ask "Why?" or "What if?" (Pusey, 2003).

VH4: Formal deduction

Learners on this level display a high level of VSR (Gutierrez, 1992). Learners start to
comprehend the significance of deductive reasoning, as evidenced by the development of
longer sequential statements and start to function with axioms, proofs and theorems.
Learners can now analyse informal arguments and the structures of systems inclusive of
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their axioms. Geometric truth emerges as they begin to use definitions, theorems and
corollaries (Ndlovu & Miji, 2012; van de Walle, et al., 2019). Learners can now reason beyond
just the properties and utilise networks of relations to derive further information from
information that was given through logical thinking rather than intuition most of the time
(van Putten, 2008).

VH5: Rigor

Learners move beyond reasoning within one axiomatic system and start to compare and
contrast various axiomatic systems. On the most advanced level of the van Hiele hierarchy,
axiomatic systems are no longer just the deductions within a system, but the actual
axiomatic system becomes the focal point of interest (Frazee, 2018). Researchers such as
Usiskin (1982) state that Level 5 cannot be tested as it provides theoretical value only and
falls outside the ambit of school geometry. For this reason, Level 5 is excluded from our
application of this model to EGD.

The model's strength lies in its hierarchical structure, where each level builds upon previous
ones, and its dual focus on diagnosis and instruction. Students must master lower levels
before progressing to higher ones, though development is not necessarily linear (Patkin &
Barkai, 2014).

Demonstration of the particularisation process

As an example of this process, we selected a simple machine casting which is represented in
Figure 2. In this figure, three 2D orthographic multiviews (front, right and top views, on the
lefthand side of the figure) and a 3D isometric view are presented on the right in Figure 2. In
this example the three orthographic multiviews are used to create the 3D isometric view.
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Figure 2: Multiviews and Isometric view of a machine casting

This exercise involves only van Hiele Levels 2, 3, and 4. According to van der Sandt (2007),
learners should be functional on Level 3 when they exit the primary school system. As
explained in our description of Level 1 earlier, we have excluded the reasoning type of van
Hiele Level 1 because the cognitive descriptors of VH2, VH3, and VH4 are more suitable for
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demonstrating the relationship between EGD and van Hiele. Level 5 is also excluded as it
falls outside the ambit of school curricula.

We conducted a wide search of the literature on van Hiele’s model of geometric reasoning
and extracted nine cognitive descriptors that were found to be appropriate according to our
experience with EGD reasoning. These nine cognitive descriptors are listed in Table 1. We
identified three cognitive descriptors on VH 2 (Analysis) which align with the reasoning in
creating the isometric view shown in Figure 2. On VH3 (Informal deduction), we identified
an additional three cognitive descriptors which apply to reasoning associated with creating
an isometric view from three orthographic multiviews. Three cognitive descriptors were
identified on VH4 which aligns with associating 2D views with corresponding 3D views.

Table 1: Van Hiele cognitive descriptors for geometric reasoning

Van Hiele descriptors for geometry
VH2: Analysis

Can differentiate between types of shapes (Van de Walle, et al., 2019).

Classify types of shapes according to governing properties (Patkin & Barkai, (2014).
Reasoning is mostly inductive (Curran, 2015).

VH3: Informal deduction

Recognise the importance of properties, and the relationships between them. Can
recognise a square as also being a rectangle by definition (De Villiers, 2010).

Can order geometric properties and connect them deductively through logical arguments
(Karakus & Peker, 2015).

Learners can distinguish between necessary and sufficient conditions for a concept. They
can form meaningful definitions and give informal arguments to justify their reasoning
(Bleeker et al., 2013).

VH4: Formal deduction

Grasps the significance of deduction. Can reason formally within the context of a
mathematical system (axiomatic), complete with undefined terms, axioms, and
underlying logical systems with definitions and theorems (Pegg, 2020).

Properties are structured to derive further information from given data. Uses logic more
than intuition (Burger, & Shaughnessy, 1986).

Manipulate intrinsic characteristics of relations (Haviger & Vojklvkova, 2015).

Using Figure 3, we demonstrate how the nine cognitive descriptors of Table 1 pertain to the
reasoning types when an isometric view is created from the orthographic views depicted in
Figure 3. Some net-shapes were coded in shades of grey on both the orthographic views and
the isometric view to show how net-shapes align across different views. Alphabetical
characters were used to trace coordinates of the same type across different views.
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Figure 3: Orthographic and isometric views

The three van Hiele levels of geometric reasoning are used in EGD reasoning in the following
manner when converting multiple 2D views of an object to one single 3D view. The cognitive
descriptors of Table 1 appear in brackets where they apply: VH2: Analysis

Analysis of the given graphical data by identifying the orthographic net-shapes (Cognitive
descriptor 1) according to their governing properties (Cognitive descriptor 2). Note: True net-
shapes can be identified from the three orthographic multiviews in Figure 2, taking cognisance
that slanted nets are not true shapes. At this level, reasoning is mainly inductive (Cognitive
descriptor 3) due to the heuristic behaviour of “rule-inference”.

VH3: Informal deduction

In order to differentiate the different net-shapes from each other, EGD practitioners must
recognise the importance of properties, and the relationships between them (Cognitive
descriptor 4). They must be able to recognise a square as also being a rectangle by definition.
By understanding how orthographic views relate to one another and an associated isometric
view, they have to order geometric properties and connect them deductively through logical
arguments (Cognitive descriptor 5). EGD practitioners must distinguish between necessary and
sufficient conditions for a concept. They can form meaningful definitions and give informal
arguments to justify their reasoning (Cognitive descriptor 6). This reasoning is essential to
distinguish isometric and non-isometric lines from the given orthographic views as such
differences require different techniques for creating isometric drawings.

VHA4: Formal deduction

EGD practitioners should grasp the significance of deduction. They reason formally within the
context of a mathematical system (the axiomatic rules of orthographic and isometric
projection), complete with undefined terms, axioms, and underlying logical systems with
definitions and theorems (Cognitive descriptor 7). In order to find the coordinates of slanted
lines in the isometric view, orthographic properties can be structured to derive further
information from given data by using logic more than intuition (Cognitive descriptor 8). When
determining the position and extent of details that are obscured (the groove at the back), EGD
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practitioners have to manipulate the intrinsic characteristics of relations to find the extents of
the groove geometry purely through mental manipulations (Cognitive descriptor 9).

In summary

By virtue of the nature of EGD content, drawing tasks are traditionally quantitatively assessed
at the hand of rubrics and are sometimes accompanied by short notes from the assessor.
Rubric scores may well point to areas of poor performance but do not provide comprehensive
information on the acquisition or non-acquisition of essential levels of cognitive reasoning.

Application of the van Hiele model across the world has been instrumental in ameliorating
reasoning deficiencies in geometry by way of the model’s dualistic utility. First, in a diagnostic
sense, it measures reasoning on a hierarchy of cognitive competence and second, it provides
learning phases for learners to cycle through content until the required cognitive skills for a
particular level are acquired.

The international research on spatial reasoning interventions points to the broader applicability
of structured developmental frameworks across diverse educational contexts. Research from
Australia (Lowrie et al., 2018), the United States (Atit et al., 2018; Atit & Rocha, 2021; Nabutola
et al., 2018), and other nations demonstrates consistent relationships between spatial
reasoning and STEM performance, suggesting that fundamental spatial-mathematical
connections transcend cultural and curricular differences. Lowrie's large-scale classroom
interventions in Australian primary and secondary schools, involving over 800 students across
multiple institutions, demonstrated that spatial training embedded within pedagogical
frameworks produces substantial gains that transfer to mathematics performance across
geometry, measurement, and number domains. Similarly, multi-institutional research in the
United States spanning over 800 engineering students across four universities established that
students hold misconceptions about fundamental engineering graphics concepts, with
identifiable conceptual gaps (Nabutola et al., 2018). The consistency of findings across
international contexts—regarding both the importance of spatial reasoning for STEM learning
and the prevalence of spatial misconceptions—suggests that the adapted van Hiele model may
have broad international applicability beyond the South African context in which this study is
situated.

Rubric-based assessments tend to be characterised by a limited diagnostic capacity. In the
context of EGD, we propose that adopting the van Hiele model offers the potential to not just
assess VSR tasks at face value. The model provides a system that allows the pinpointing of the
students’ current levels of geometric reasoning and gives the lecturer a clear picture of what
sort of intervention is necessary to mentor and teach the students through structured phases of
cognitive development. Performance gaps are thus brought to light and transferable reasoning
skills can then be taught in a targeted, need-directed way.

The three detailed examples demonstrate the framework's applicability across diverse EGD
content areas, from basic orthographic-isometric conversion to complex assembly drawing
interpretation. Each example shows how the nine cognitive descriptors provide specific
guidance for understanding student thinking and designing appropriate interventions.
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Conclusion

This paper addresses a critical gap in Engineering Graphics and Design education by adapting
the van Hiele model of geometric reasoning for systematic development of visuospatial
reasoning skills. Our analysis demonstrates strong alignment between van Hiele cognitive
descriptors and EGD reasoning requirements, suggesting this framework can provide both
diagnostic capabilities and instructional guidance. Thus, the framework's systematic approach
to reasoning development offers several advantages over current EGD instructional practices: it
facilitates diagnosis of student reasoning difficulties during the structured progression from
basic analysis to formal deduction, simultaneously integrating spatial, analytical, and
conventional knowledge.

As mentioned in the background of this article, numerous instances of poor conceptual
understanding have been identified in the analysis of Grade 12 final examinations. We agree
with van Hiele’s sentiment that inadequate learning can often be attributed to ineffective
instructional strategies and poor structured reasoning development. In answering our research
guestion, which specifically addressed the issue of using an existing model for the teaching and
learning of VSR in EGD, we looked at the core of the problem, which, according to Hurrel
(2021), is predicated on the overuse of procedural knowledge in lieu of a deeper conceptual
understanding. This problem is exacerbated by the fact that no model for developing such
conceptual understanding and reasoning exists in the EGD field. However, the van Hiele model
specifically provides a structure for the development of cognition in terms of geometry, which
we link directly to VSR as required in EGD.

Our particularisation process shows a strong relationship between the cognitive descriptors of
van Hiele and reasoning with EGD content. We posit that the van Hiele model of geometric
reasoning is eminently suitable for EGD and can be used effectively in the teaching and learning
of EGD by following the hierarchical cognitive reasoning process described in the model.
Judging from the cognitive descriptors in Table 1, the constructs of visuospatial reasoning,
analytical reasoning, and subject conventions can be successfully incorporated into a
tailormade pedagogical framework for EGD, as demonstrated in the example we used.

We propose that by using the cognitive descriptors derived from the van Hiele model, the
degree of cognitive acquisition, as suggested by quantitative scores, can be qualitatively
analysed to serve as a diagnostic tool. The hierarchical levels of different types of reasoning
provide specific categories of cognitive skills that have to be acquired by EGD practitioners.
When a singular drawing task is analysed against the cognitive descriptors, the different
cognitive activities for that task can be assigned with appropriate van Hiele levels and grouped
under visuospatial reasoning, analytical reasoning, and convention knowledge. Cognitive
descriptors for each van Hiele level represent different cognitive skills, yet it should be made
clear that certain skills could straddle two or more levels concurrently by virtue of their
uniqueness and the task requirements.

Previous studies have shown that cognitive skills are not necessarily acquired on a linear path,
and skills on higher levels may be acquired while skills on lower levels may still be lacking
(Patkin & Barkai, 2014). Once the task is fully described by valid cognitive descriptors spanning
different van Hiele levels, the quantitative score for that item serves to inform which cognitive
skills were acquired and which ones had not yet been acquired. The framework has the
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potential to assess conceptual deficiencies in both teachers and learners and can be used to
inform remedial action plans. Teachers should understand their own and their learners'
cognitive processes in terms of appropriate learning theories across hierarchical levels of
acquisition. Once a complete diagnosis of reasoning deficiencies has been made, special
intervention programmes and day-to-day classroom instruction can be designed around the
five learning phases.

Nevertheless, this conceptual framework requires empirical validation before widespread
implementation. Future research should focus on controlled studies testing the framework's
effectiveness, development of reliable diagnostic instruments, teacher professional
development in program design, and how cultural and contextual adaptation can be facilitated.
The framework's potential extends beyond EGD to other technical drawing and design subjects,
suggesting broader applications in STEM education. By providing systematic approaches to
spatial reasoning development, this adapted van Hiele model could contribute to improved
student retention and success in engineering and related fields.

Implications for teacher preparation and professional development

Given evidence that teachers' spatial abilities influence their pedagogical approaches (Atit &
Rocha, 2021) and that spatial skills vary substantially across teacher populations (Atit et al.,
2018), teacher preparation programs should explicitly address spatial reasoning development.

For Engineering Graphics and Design specifically, teacher education should address the
development of teachers' own spatial reasoning and as well as training them in spatial
pedagogy. The adapted van Hiele model proposed in this study provides a framework that can
structure both pre-service and in-service teacher education. By understanding the
developmental levels through which students' geometric reasoning progresses, teachers can
more effectively diagnose students' current conceptual understanding, identify persistent
misconceptions, and design instruction appropriately sequenced to support advancement
through reasoning levels. Awareness of common misconceptions (Nabutola et al., 2018) can
prepare teachers to anticipate and address specific conceptual difficulties before they are
embedded.

The adaptation of the van Hiele model for EGD represents an important contribution toward
evidence-based spatial reasoning instruction. While further empirical research is needed to
validate the model's effectiveness in classroom settings, this conceptual framework provides a
preliminary foundation for developing more structured approaches to spatial instruction in
Engineering Graphics and Design. Future research should examine how the adapted model
performs in actual classroom implementations, investigate its effectiveness across diverse
student populations, and refine the cognitive descriptors based on empirical evidence of
student progression through reasoning levels.

References

Abdullah, A. H., & Zakaria, E. (2013). The effects of Van Hiele's phases of learning geometry on
learners’ degree of acquisition of Van Hiele levels. Procedia- Social and Behavioral
Sciences, 102, 251-266. https://doi.org/10.1016/j.sbspro.2013.10.740

Anderson, L. W., & Krathwohl, D. R. (2001). A taxonomy for learning, teaching, and assessing: A
revision of Bloom's taxonomy of educational objectives. Longman.

114


https://doi.org/10.1016/j.sbspro.2013.10.740

Design and Technology Education: An International Journal

Atit, K., Miller, D. I., Newcombe, N. S., & Uttal, D. H. (2018). Teachers’ spatial skills across
disciplines and education levels: Exploring nationally representative data. Archives of
Scientific Psychology, 6(1), 130. https://doi.org/10.1037/arc0000041

Atit, K., & Rocha, K. (2021). Examining the relations between spatial skills, spatial anxiety, and
K-12 teacher practice. Mind, Brain, and Education, 15(1), 139-148
https://doi.org/10.1111/mbe.12274

Battista, M. T. (2007). The development of geometric and spatial thinking. In F. Lester
(Ed.), Second handbook of research on mathematics teaching and learning (pp. 843—
908). Reston: National Council of Teachers of Mathematics.

Battista, M. T. (2011). Conceptualizations and issues related to learning progressions, learning
trajectories, and levels of sophistication. The Mathematics Enthusiast, 8(3), 507-570.
https://doi.org/10.54870/1551-3440.1228

Bertoline, G. B., Wiebe E. N., Hartman W., Ross W. A. (2011). Fundamentals of Graphics
Communication. McGraw-Hill.

Biggs, J.B. & Collis, K.F. (1982). Evaluating the Quality of Learning: The SOLO Taxonomy.
Academic Press

Bleeker, C., Stols, G., & van Putten, S. (2013). The relationship between teachers' instructional
practices and their learners' level of geometrical thinking. Perspectives in Education,
31(3), 66-78. https://hdl.handle.net/10520/EJC145555

Bloom, B. S., Engelhart, M. D., Furst, E. J., Hill, W. H. & Krathwohl, D. R. (1956). Taxonomy of
educational objectives: The classification of educational goals. Handbook I: Cognitive
domain. Longman

Braithwaite, D. W. (2022). Relations between geometric proof justification and probabilistic
reasoning. Learning and Individual Differences, 98, 102201.
https://doi.org/10.1016/].lindif.2022.102201

Buckley, J. (2018). Investigating the role of spatial ability as a factor of human intelligence in
technology education: Towards a causal theory of the relationship between spatial
ability and STEM education (Doctoral dissertation, KTH Royal Institute of Technology).
https://research.thea.ie/bitstream/handle/20.500.12065/2858/Jeffrey%20Buckley%20T
hesis.pdf?sequence=1&isAllowed=y

Buckley, J., & Seery, N. (2016). Framing spatial cognition: establishing a research agenda. In
70th ASEE Engineering Design Graphics Division Midyear Conference. ASEE.
http://research.thea.ie/handle/20.500.12065/3263

Burger, W. F., & Shaughnessy, J. M. (1986). Characterizing the van Hiele levels of development
in geometry. Journal for research in mathematics education, 17(1), 31-48.
https://doi.org/10.5951/jresematheduc.17.1.0031

Carbonell Carrera, C., Saorin Péregz, J. L., De la Torre Cantero, J., & Marrero Gonzélez, A. M.
(2011). Engineers’ spatial orientation ability development at the European Space for
Higher Education. European Journal of Engineering Education, 36(5), 505-512.
https://doi.org/10.1080/03043797.2011.602184

Cheng, Y. L., & Mix, K. S. (2014). Spatial training improves children's mathematics
ability. Journal of cognition and development, 15(1), 2-11.
https://doi.org/10.1080/15248372.2012.725186

Clark, A. C., & Ernst, J. V. (2012). A learner profile thematic review of introductory engineering
design graphics learners. In Proceedings of the Engineering Design Graphics Division of
the American Society of Engineering Education’s 67th Mid-Year Conference, Limerick

115


https://doi.org/10.1037/arc0000041
https://doi.org/10.1111/mbe.12274
https://doi.org/10.54870/1551-3440.1228
https://hdl.handle.net/10520/EJC145555
https://doi.org/10.1016/j.lindif.2022.102201
https://research.thea.ie/bitstream/handle/20.500.12065/2858/Jeffrey%20Buckley%20Thesis.pdf?sequence=1&isAllowed=y
https://research.thea.ie/bitstream/handle/20.500.12065/2858/Jeffrey%20Buckley%20Thesis.pdf?sequence=1&isAllowed=y
http://research.thea.ie/handle/20.500.12065/3263
https://doi.org/10.5951/jresematheduc.17.1.0031
https://doi.org/10.1080/03043797.2011.602184
https://doi.org/10.1080/15248372.2012.725186

Design and Technology Education: An International Journal

Ireland, Session (pp. 106-110). https://edgd.asee.org/wp-
content/uploads/sites/22/2019/09/ALEARN1.pdf

Cunningham, R. F., & Roberts, A. (2010). Reducing the Mismatch of Geometry Concept
Definitions and Concept Images Held by Pre-Service Teachers. Issues in the
Undergraduate Mathematics Preparation of School Teachers, 1, 1-17.
https://files.eric.ed.gov/fulltext/EJ914254.pdf

Curran, S. (2015). Is The Van Hiele Model Useful in Determining How Children Learn Geometry?
GRIN Verlag.

de Rosa, A. J.,, & Fontaine, M. (2018). Implementation and First-Year Results of an Engineering
Spatial Skills Enhancement Program. In 2018 Mid Atlantic Section Fall Meeting. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/file:///C:/Users/u04126505/Downloads
/implementation-and-first-year-results-of-an-engineering-spatial-skills-enhancement-
program.pdf

de Villiers, M. (2010). Some reflections on the van Hiele theory. In Invited plenary from 4th
Congress of teachers of mathematics.

Delahunty, T., Sorby, S., Seery, N., & Pérez, L. (2016). Spatial skills and success in engineering
education: A case for investigating etiological underpinnings. 70th Engineering Design
Graphics Division Annual Mid-Year Conference. Daytona Beach, Florida. pp.24- 29
https://commons.erau.edu/asee-edgd/conference70/papers-2016/3

Delahunty, T., Seery, N., & Lynch, R. (2020). Exploring problem conceptualization and
performance in STEM problem solving contexts. Instructional Science, 48(4), 395-425.
https://doi.org/10.1007/s11251-020-09515-4

Department of Basic Education (2022). National Senior Certificate 2022: Diagnostic Report:
PART 3: Technical Subjects.
https://www.education.gov.za/Portals/0/Documents/Reports/Diagnostic%20Reports%2
02022/Diagnostic%20Report%20PART%203%20Technical%20Subjects.pdf?ver=2023-02-
14-130652-000

Department of Basic Education (2021). 2021 National Senior Certificate: Diagnostic Report:
PART 3: Technical Subjects.
https://www.education.gov.za/Portals/0/Documents/Reports/2021NSCReports/2021%
20Diagnostic%20Report%20Part%203%20Technology%20Subjects.pdf?ver=2022-02-08-
103331-000

Department of Higher Education and Training (2013). White paper for post-school education
and training. Building an expanded, effective and integrated post-school system.
https://www.dhet.gov.za/SiteAssets/Latest%20News/White%20paper%20for%20post-
school%20education%20and%20training.pdf

Dienes, Z.P. (1960). Building up mathematics. Hutchinson Educational Company.

Dubinsky, E., & McDonald, M. A. (2001). APOS: A constructivist theory of learning in
undergraduate mathematics education research. In The teaching and learning of
mathematics at university level: An ICMI study (pp. 275-282). Springer Netherlands.

Duval, R. (2006). A cognitive analysis of problems of comprehension in a learning of
mathematics. Educational studies in mathematics, 61(1), 103-131.
https://doi.org/10.1007/s10649-006-0400-z

Feza, N., & Webb, P. (2005). Assessment standards, Van Hiele levels, and grade seven learners'
understandings of geometry. Pythagoras, 2005(62), 36-47.
https://hdl.handle.net/10520/EJC20858

116


https://edgd.asee.org/wp-content/uploads/sites/22/2019/09/ALEARN1.pdf
https://edgd.asee.org/wp-content/uploads/sites/22/2019/09/ALEARN1.pdf
https://files.eric.ed.gov/fulltext/EJ914254.pdf
https://commons.erau.edu/asee-edgd/conference70/papers-2016/3
https://doi.org/10.1007/s11251-020-09515-4
https://www.education.gov.za/Portals/0/Documents/Reports/Diagnostic%20Reports%202022/Diagnostic%20Report%20PART%203%20Technical%20Subjects.pdf?ver=2023-02-14-130652-000
https://www.education.gov.za/Portals/0/Documents/Reports/Diagnostic%20Reports%202022/Diagnostic%20Report%20PART%203%20Technical%20Subjects.pdf?ver=2023-02-14-130652-000
https://www.education.gov.za/Portals/0/Documents/Reports/Diagnostic%20Reports%202022/Diagnostic%20Report%20PART%203%20Technical%20Subjects.pdf?ver=2023-02-14-130652-000
https://www.education.gov.za/Portals/0/Documents/Reports/2021NSCReports/2021%20Diagnostic%20Report%20Part%203%20Technology%20Subjects.pdf?ver=2022-02-08-103331-000
https://www.education.gov.za/Portals/0/Documents/Reports/2021NSCReports/2021%20Diagnostic%20Report%20Part%203%20Technology%20Subjects.pdf?ver=2022-02-08-103331-000
https://www.education.gov.za/Portals/0/Documents/Reports/2021NSCReports/2021%20Diagnostic%20Report%20Part%203%20Technology%20Subjects.pdf?ver=2022-02-08-103331-000
https://www.dhet.gov.za/SiteAssets/Latest%20News/White%20paper%20for%20post-school%20education%20and%20training.pdf
https://www.dhet.gov.za/SiteAssets/Latest%20News/White%20paper%20for%20post-school%20education%20and%20training.pdf
https://doi.org/10.1007/s10649-006-0400-z
https://hdl.handle.net/10520/EJC20858

Design and Technology Education: An International Journal

Frazee, L. M. (2018). The interaction of geometric and spatial reasoning: Student learning of 2D
isometries in a special dynamic geometry environment (Doctoral dissertation, The Ohio
State University). http://rave.ohiolink.edu/etdc/view?acc_ num=0su1531862080144028

Fuys, D., Geddes, D., & Tischler, R. (1988). The van Hiele model of thinking in geometry among
adolescents. Journal for Research in Mathematics Education. Monograph, 3, i-196.
https://doi.org/10.2307/749957

Gagne, R. (1985). The conditions of learning and theory of instruction. Holt, Rinehart and
Winston.

Gal, H., & Linchevski, L. (2010). To see or not to see: analyzing difficulties in geometry from the
perspective of visual perception. Educational Studies in Mathematics, 74(2), 163-183.
https://doi.org/10.1007/s10649-010-9232-y

Galton, F. (1883). Inquiries into human faculty and its development. Macmillan.

Gutierrez, A. (1992). Exploring the links between Van Hiele Levels and 3- dimensional geometry.
Structural Topology 1992 num 18.
https://www.iri.upc.edu/people/ros/StructuralTopology/ST18/st18-07-a3-ocr.pdf

Harle, M., & Towns, M. (2011). A review of spatial ability literature, its connection to chemistry,
and implications for instruction. Journal of Chemical Education, 88(3), 351-360.
https://pubs.acs.org/doi/pdf/10.1021/ed900003n?ref=article_openPDF

Haviger, J., & Vojklvkova, I. (2015). The Van Hiele levels at Czech secondary schools. Procedia-
Social and Behavioral Sciences, 171, 912-918.
https://doi.org/10.1016/j.sbspro.2015.01.209

Hegarty, M. (2010). Components of spatial intelligence. In B. H. Ross (Ed.), Psychology of
learning and motivation (Vol. 52, pp. 265-297). Academic Press.
https://doi.org/10.1016/S0079-7421(10)52007-3

Hendel, R. J. A. (2021). Comprehensive Interdisciplinary Program to Totally Transform
Education. Systemics, Cybernetics and Informatics, 19(1), 38-76.
https://www.iiisci.org/journal/PDV/sci/pdfs/IP118LL21.pdf

Hurrell, D. (2021). Conceptual knowledge or procedural knowledge or conceptual knowledge
and procedural knowledge: Why the conjunction is important to teachers. Australian
Journal of Teacher Education (Online), 46(2), 57-71.
http://dx.doi.org/10.14221/ajte.2021v46n2.4

Jaime, A., & Gutierrez, A. (1995). Guidelines for teaching plane isometries in secondary school.
The Mathematics Teacher, 88(7), 591-597. https://doi.org/10.5951/MT.88.7.0591

Karakus, F., & Peker, M. (2015). The effects of dynamic geometry software and physical
manipulatives on pre-service primary teachers’ van Hiele levels and spatial abilities.
Turkish Journal of Computer and Mathematics Education (TURCOMAT), 6(3), 338-365.
https://dergipark.org.tr/en/pub/turkbilmat/issue/21577/231573

Kell, H. J., Lubinski, D., Benbow, C. P., & Steiger, J. H. (2013). Creativity and technical innovation:
Spatial ability’s unique role. Psychological Science, 24(9), 1831-1836.
https://doi.org/10.1177/0956797613478615

Khoza, S. D. (2014). Diagnosis as a Key Performance Indicator to Learning Engineering Graphics
and Design: A case of Technology Education learners in a university based in the Eastern
Cape Province. In Ireland International Conference on Education Proceedings.
https://www.researchgate.net/profile/Samuel-

Khoza/publication/274311899 Diagnosis _as_a_key performance indicator to learnin
g Engineering Graphics and Design A case of Technology Education students in a

117


http://rave.ohiolink.edu/etdc/view?acc_num=osu1531862080144028
https://doi.org/10.2307/749957
https://doi.org/10.1007/s10649-010-9232-y
https://www.iri.upc.edu/people/ros/StructuralTopology/ST18/st18-07-a3-ocr.pdf
https://pubs.acs.org/doi/pdf/10.1021/ed900003n?ref=article_openPDF
https://doi.org/10.1016/j.sbspro.2015.01.209
https://doi.org/10.1016/S0079-7421(10)52007-3
https://www.iiisci.org/journal/PDV/sci/pdfs/IP118LL21.pdf
http://dx.doi.org/10.14221/ajte.2021v46n2.4
https://doi.org/10.5951/MT.88.7.0591
https://dergipark.org.tr/en/pub/turkbilmat/issue/21577/231573
https://doi.org/10.1177/0956797613478615
https://www.researchgate.net/profile/Samuel-Khoza/publication/274311899_Diagnosis_as_a_key_performance_indicator_to_learning_Engineering_Graphics_and_Design_A_case_of_Technology_Education_students_in_a_University_based_in_the_Eastern_Cape_Province/links/551ae8d90cf251c35b503212/Diagnosis-as-a-key-performance-indicator-to-learning-Engineering-Graphics-and-Design-A-case-of-Technology-Education-students-in-a-University-based-in-the-Eastern-Cape-Province.pdf
https://www.researchgate.net/profile/Samuel-Khoza/publication/274311899_Diagnosis_as_a_key_performance_indicator_to_learning_Engineering_Graphics_and_Design_A_case_of_Technology_Education_students_in_a_University_based_in_the_Eastern_Cape_Province/links/551ae8d90cf251c35b503212/Diagnosis-as-a-key-performance-indicator-to-learning-Engineering-Graphics-and-Design-A-case-of-Technology-Education-students-in-a-University-based-in-the-Eastern-Cape-Province.pdf
https://www.researchgate.net/profile/Samuel-Khoza/publication/274311899_Diagnosis_as_a_key_performance_indicator_to_learning_Engineering_Graphics_and_Design_A_case_of_Technology_Education_students_in_a_University_based_in_the_Eastern_Cape_Province/links/551ae8d90cf251c35b503212/Diagnosis-as-a-key-performance-indicator-to-learning-Engineering-Graphics-and-Design-A-case-of-Technology-Education-students-in-a-University-based-in-the-Eastern-Cape-Province.pdf

Design and Technology Education: An International Journal

University based in_the Eastern Cape Province/links/551ae8d90cf251¢c35b503212/
Diagnosis-as-a-key-performance-indicator-to-learning-Engineering-Graphics-and-Design-
A-case-of-Technology-Education-students-in-a-University-based-in-the-Eastern-Cape-
Province.pdf

Khoza, S. D. (2017). Identifying the gaps of fourth year degree pre-service teachers’ pedagogical
content knowledge in teaching engineering graphics and design. International Journal of
Technology and Design Education, 27, 537-548. https://doi.org/10.1007/s10798-016-
9363-2

Lithner, J. (2000). A research framework for creative and imitative reasoning. Educational
Studies in Mathematics, 67(3), 255-276. https://doi.org/10.1007/s10649-007-9104-2

Lowrie, T., Harris, D., Logan, T., & Hegarty, M. (2021). The impact of a spatial intervention
program on students’ spatial reasoning and mathematics performance. The journal of
experimental education, 89(2), 259-277.
https://doi.org/10.1080/00220973.2019.1684869

Lowrie, T., Logan, T., Harris, D., & Hegarty, M. (2018). The impact of an intervention program on
students’ spatial reasoning: Student engagement through mathematics-enhanced
learning activities. Cognitive research: principles and implications, 3(1), 50.
https://doi.org/10.1186/s41235-018-0147-y

Lowrie, T., Logan, T., & Ramful, A. (2016). Spatial Reasoning Influences Students' Performance
on Mathematics Tasks. In White, B., Chinnappan, M. & Trenholm, S. (Eds.), Opening up
mathematics education research: Proceedings of the 39th annual conference of the
Mathematics Education Research Group of Australasia, pp. 407-414. Adelaide: MERGA.
https://files.eric.ed.gov/fulltext/ED572328.pdf

Lowrie, T., & Patahuddin, S. M. (2015). ELPSA as a Lesson Design Framework. Indonesian
Mathematical Society Journal on Mathematics Education, 6(2), 1-15.
https://files.eric.ed.gov/fulltext/EJ1079522.pdf

Luh, D. B., & Chen, S. N. (2013). A novel CAl system for space conceptualization training in
perspective sketching. International Journal of Technology and Design Education, 23,
147-160. https://doi.org/10.1007/s10798-011-9171-7

Makgato, M. (2016). Difficulties of student teachers in the engineering graphics and design
course at a South African university: Snapshot on sectional drawing. Eurasia Journal of
Mathematics, Science and Technology Education, 12(4),703-715.
https://doi.org/10.12973/eurasia.2016.1220a

Makina, A., & Wessels, D. (2009). The role of visualisation in data handling in Grade 9 within a
problem-centred context. Pythagoras, 2009(69), 56-68.
https://hdl.handle.net/10520/EJC20909

Maruni¢, G., & Glazar, V. (2014). Improvement and assessment of spatial ability in engineering
education. Engineering Review: Medunarodni ¢asopis namijenjen publiciranju
originalnih istrazivanja s aspekta analize konstrukcija, materijala i novih tehnologija u
podrucju strojarstva, brodogradnje, temeljnih tehnickih znanosti, elektrotehnike,
raCunarstva i gradevinarstva, 34(2), 139-150. https://hrcak.srce.hr/file/180873

Marzano, R. J. (2001). Designing a new taxonomy of educational objectives. Corwin Press.

McLain, M. (2022). Towards a signature pedagogy for design and technology education: a
literature review. International Journal of Technology and Design Education, 32(3),
1629-1648. https://doi.org/10.1007/s10798-021-09667-5

118


https://www.researchgate.net/profile/Samuel-Khoza/publication/274311899_Diagnosis_as_a_key_performance_indicator_to_learning_Engineering_Graphics_and_Design_A_case_of_Technology_Education_students_in_a_University_based_in_the_Eastern_Cape_Province/links/551ae8d90cf251c35b503212/Diagnosis-as-a-key-performance-indicator-to-learning-Engineering-Graphics-and-Design-A-case-of-Technology-Education-students-in-a-University-based-in-the-Eastern-Cape-Province.pdf
https://www.researchgate.net/profile/Samuel-Khoza/publication/274311899_Diagnosis_as_a_key_performance_indicator_to_learning_Engineering_Graphics_and_Design_A_case_of_Technology_Education_students_in_a_University_based_in_the_Eastern_Cape_Province/links/551ae8d90cf251c35b503212/Diagnosis-as-a-key-performance-indicator-to-learning-Engineering-Graphics-and-Design-A-case-of-Technology-Education-students-in-a-University-based-in-the-Eastern-Cape-Province.pdf
https://www.researchgate.net/profile/Samuel-Khoza/publication/274311899_Diagnosis_as_a_key_performance_indicator_to_learning_Engineering_Graphics_and_Design_A_case_of_Technology_Education_students_in_a_University_based_in_the_Eastern_Cape_Province/links/551ae8d90cf251c35b503212/Diagnosis-as-a-key-performance-indicator-to-learning-Engineering-Graphics-and-Design-A-case-of-Technology-Education-students-in-a-University-based-in-the-Eastern-Cape-Province.pdf
https://www.researchgate.net/profile/Samuel-Khoza/publication/274311899_Diagnosis_as_a_key_performance_indicator_to_learning_Engineering_Graphics_and_Design_A_case_of_Technology_Education_students_in_a_University_based_in_the_Eastern_Cape_Province/links/551ae8d90cf251c35b503212/Diagnosis-as-a-key-performance-indicator-to-learning-Engineering-Graphics-and-Design-A-case-of-Technology-Education-students-in-a-University-based-in-the-Eastern-Cape-Province.pdf
https://doi.org/10.1007/s10798-016-9363-2
https://doi.org/10.1007/s10798-016-9363-2
https://doi.org/10.1007/s10649-007-9104-2
https://doi.org/10.1080/00220973.2019.1684869
https://doi.org/10.1186/s41235-018-0147-y
https://files.eric.ed.gov/fulltext/ED572328.pdf
https://files.eric.ed.gov/fulltext/EJ1079522.pdf
https://doi.org/10.1007/s10798-011-9171-7
https://doi.org/10.12973/eurasia.2016.1220a
https://hdl.handle.net/10520/EJC20909
https://hrcak.srce.hr/file/180873
https://doi.org/10.1007/s10798-021-09667-5

Design and Technology Education: An International Journal

MclLaren, S.V. (2008) Exploring perceptions and attitudes towards teaching and learning manual
technical drawing in a digital age. International Journal of Technology and Design
Education, 18(2), 167-188.

Metraglia, R., Villa, V., Baronio, G., & Adamini, R. (2015). High school graphics experience
influencing the self-efficacy of first-year engineering learners in an introductory
engineering graphics course. The Engineering Design Graphics Journal, 79(3), 16-30.
https://doi.org/10.18260/edgj.v79i3.562

Mohler, J. L. (2008). A review of spatial ability research. The Engineering Design Graphics
Journal, 72(2), 19-30.

Nabutola, K., Steinhauer, H., Nozaki, S., & Sadowski, M. (2018, July). Engineering graphics
concept inventory: instrument development and item selection. In 4th International
Conference on Higher Education Advances (Head'18) (pp. 1317-1324). Editorial
Universitat Politecnica de Valéncia. http://dx.doi.org/10.4995/HEAd18.2018.8196

National Research Council (2006). Learning to think spatially. National Academies Press.

Ndlovu, M., & Mji, A. (2012). Pedagogical implications of learners' misconceptions about
deductive geometric proof. Acta Academica, 44(3), 175-205.
https://hdl.handle.net/10520/EJC131994

Newcombe, N. S., & Shipley, T. F. (2014). Thinking about spatial thinking: New typology, new
assessments. In Studying visual and spatial reasoning for design creativity (pp. 179-192).
Springer Netherlands.

Patkin, D., & Barkai, R. (2014). Geometric thinking levels of pre-and in-service mathematics
teachers at various stages of their education. Educational Research Journal, 29(1/2), 1-
26. https://search.informit.org/doi/10.3316/informit.901342534813113

Pegg, J. (2020). van Hiele Theory, The. In Encyclopedia of mathematics education (pp. 896-900).
Springer International Publishing.

Pegg, J., & Davey, G. (1998). Interpreting student understanding in geometry: A synthesis of
two models. In D. Chazan (Ed.), Designing learning environments for developing
understanding of geometry and space (pp. 109-135). Lawrence Erlbaum Associates.

Perez Carrion, T. & Serrano, M. (2012). Ejercicios para el desarrolo de la perception especial.
Editorial Club Universitario: Espania.

Pinxten, M., De Laet, T., Van Soom, C., & Langie, G. (2015). Fighting increasing dropout rates in
the STEM field: The European ready STEMgo Project. In Proceedings of the 43rd Annual
SEFI Conference (pp. 1-8). SEFI.

Pittalis, M., & Christou, C. (2010). Types of reasoning in 3D geometry thinking and their relation
with spatial ability. Educational Studies in Mathematics, 75, 191-212.
https://doi.org/10.1007/s10649-010-9251-8

Potter, C., Kaufman, W., Delacour, J., Mokone, M., Van der Merwe, E., & Fridjhon, P. (2009).
Three-dimensional spatial perception and academic performance in engineering
graphics: A longitudinal investigation. South African Journal of Psychology, 39(1), 109-
121. https://hdl.handle.net/10520/EJC98520

Pusey, E. L. (2003). The Van Hiele model of reasoning in geometry: A literature review
(Unpublished master’s thesis). North Carolina State University, Raleigh, NC, United
States. http://www.lib.ncsu.edu/resolver/1840.16/2275

Ramatsetse, B., Daniyan, |., Mpofu, K., & Makinde, O. (2023). State of the art applications of
engineering graphics and design to enhance innovative product design: a systematic
review. Procedia CIRP, 119, 699-709. https://doi.org/10.1016/j.procir.2023.05.006

119


https://doi.org/10.18260/edgj.v79i3.562
http://dx.doi.org/10.4995/HEAd18.2018.8196
https://hdl.handle.net/10520/EJC131994
https://search.informit.org/doi/10.3316/informit.901342534813113
https://doi.org/10.1007/s10649-010-9251-8
https://hdl.handle.net/10520/EJC98520
http://www.lib.ncsu.edu/resolver/1840.16/2275
https://doi.org/10.1016/j.procir.2023.05.006

Design and Technology Education: An International Journal

Ruckpaul, A., Nelius, T., & Matthiesen, S. (2015). Differences in analysis and interpretation of
technical systems by expert and novice engineering designers. In Weber, C., Husung, S.,
Cantamessa, M., Cascini, G., Marjanovic, D., & Bordegoni, M. (Eds.). Proceedings of the
20th international conference on engineering design (ICED 15), Milan, Italy (pp.
339e348). Glasgow: Design Society, 27-30.07.15.
https://www.designsociety.org/publication/37683/differences in_analysis and interpr
etation of technical systems by expert and novice engineering designers

Seery, N., Buckley, J., & Delahunty, T. (2015). Developing a spatial ability framework to support
spatial ability research in engineering education. In Sixth International Research in
Engineering Education Symposium. REES.
http://research.thea.ie/handle/20.500.12065/3266

Senk, S. L. (1985). How well do students write geometry proofs? The mathematics
teacher, 78(6), 448-456. https://doi.org/10.5951/MT.78.6.0448

Singh-Pillay, A., & Sotsaka, D. S. (2016). Engineering graphics and design teachers’
understanding and teaching of assembly drawing. EURASIA Journal of Mathematics,
Science and Technology Education, 13(5), 1213-1228.
https://doi.org/10.12973/eurasia.2017.00668a

Slavin, R. E. (2018). Learners with exceptionalities. In R. E. Slavin (Ed.), Educational Psychology:
Theory and Practice (12th ed.). Pearson.

Sorby, S. A. (2009). Educational research in developing 3-D spatial skills for engineering
learners. International Journal of Science Education, 31(3), 459-480.
https://doi.org/10.1080/09500690802595839

Sotsaka, D., & Singh-Pillay, A. (2020). Meeting the challenges first year engineering graphic
design pre-service teachers encounter when they read and interpret assembly drawing.
Journal of Education (University of KwaZulu-Natal), 80, 72-86.
https://doi.org/10.17159/2520-9868/i80a04

Taylor, H. A., & Hutton, A. (2013). Think3d!: Training spatial thinking fundamental to STEM
education. Cognition and Instruction, 31(4), 434-455.
https://doi.org/10.1080/07370008.2013.828727

Thorndike, E. L. (1921). On the organization of the intellect. Psychological Review, 28, 141-151.
https://psycnet.apa.org/doi/10.1037/h0070821

Thurstone, L. L. (1938). Primary mental abilities. University of Chicago Press.

Thurstone, L. L. (1950). Some primary abilities in visual thinking. Proceedings of the American
Philosophical Society, 94(6), 517-521. https://www.jstor.org/stable/3143593

Tversky, B. (2005). Visuospatial reasoning. The Cambridge handbook of thinking and reasoning,
209-240.
https://pure.mpg.de/rest/items/item 2403326/component/file 2564262/content

Usiskin, Z. (1982). Van Hiele Levels and Achievement in Secondary School Geometry. (Final
Report of the cognitive Development and Achievement in Secondary School Geometry
Project.) University of Chicago. https://files.eric.ed.gov/fulltext/ED220288.pdf

Uttal, D. H., & Cohen, C. A. (2012). Spatial thinking and STEM education: When, why, and how?
In Psychology of learning and motivation, 57, 147-181. Academic Press.
https://doi.org/10.1016/B978-0-12-394293-7.00004-2

Uttal, D. H., Meadow, N. G, Tipton, E., Hand, L. L., Alden, A. R., Warren, C., & Newcombe, N. S.
(2013). The malleability of spatial skills: a meta-analysis of training studies. Psychological
bulletin, 139(2), 352. https://doi.org/10.1037/a0028446

120


https://www.designsociety.org/publication/37683/differences_in_analysis_and_interpretation_of_technical_systems_by_expert_and_novice_engineering_designers
https://www.designsociety.org/publication/37683/differences_in_analysis_and_interpretation_of_technical_systems_by_expert_and_novice_engineering_designers
http://research.thea.ie/handle/20.500.12065/3266
https://doi.org/10.5951/MT.78.6.0448
https://doi.org/10.12973/eurasia.2017.00668a
https://doi.org/10.1080/09500690802595839
https://doi.org/10.17159/2520-9868/i80a04
https://doi.org/10.1080/07370008.2013.828727
https://psycnet.apa.org/doi/10.1037/h0070821
https://www.jstor.org/stable/3143593
https://pure.mpg.de/rest/items/item_2403326/component/file_2564262/content
https://files.eric.ed.gov/fulltext/ED220288.pdf
https://doi.org/10.1016/B978-0-12-394293-7.00004-2
https://doi.org/10.1037/a0028446

Design and Technology Education: An International Journal

van der Sandt, S. (2007). Pre-Service Geometry Education in South Africa: A Typical Case? Issues
in the Undergraduate Mathematics Preparation of School Teachers, 1.
https://files.eric.ed.gov/fulltext/EJ835495.pdf

van de Walle, J. A, Karp, K. S., & Bay-Williams, J. M. (2019). Elementary and middle school
mathematics. Pearson.

van Hiele, P.M. (1957). The problem of insight, in connection with schoolchildren’s insight into
the subject of geometry. English summary (by P.M. van Hiele) of De Problematiek van
het Inzicht Gedemonstreed van het Inzicht von Schoolkindren in meetkundeleerstof
(Unpublished doctoral dissertation). University of Utrecht.

van Hiele, P. M. (1986). Structure and insight: A theory of mathematics education. Academic
Press.

van Hiele-Geldof, D. (1957). The didactics of geometry in the lowest class of the secondary
school. English summary by Dina van Hiele-Geldof) of De didaktiek van de Meetkunde in
de eerste klass van het V.H.M.O. (Unpublished doctoral dissertation). University of
Utrecht.

Van Putten, S. (2008). Levels of thought in geometry of pre-service mathematics educators
according to the van Hiele model, MEd Dissertation, University of Pretoria, Pretoria.
http://hdl.handle.net/2263/24834

Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., & Newcombe, N. S. (2017). . Spatial skills, their
development, and their links to mathematics. Monographs of the society for research in
child development, 82(1), 7-30. https://doi.org/10.1111/mono.12280

Wai, J., Lubinski, D., & Benbow, C. P. (2009). Spatial ability for STEM domains: Aligning over 50
years of cumulative psychological knowledge solidifies its importance. Journal of
educational Psychology, 101(4), 817. https://doi.org/10.1037/2a0016127

Watan, S., & Sugiman, S. (2018). The Van Hiele theory and realistic mathematics education: As
teachers’ instruction for teaching geometry. In AIP Conference Proceedings (Vol. 2014,
No. 1). AIP Publishing. https://doi.org/10.1063/1.5054479

121


https://files.eric.ed.gov/fulltext/EJ835495.pdf
http://hdl.handle.net/2263/24834
https://doi.org/10.1111/mono.12280
https://doi.org/10.1037/a0016127
https://doi.org/10.1063/1.5054479

Design and Technology Education: An International Journal

The invisible remains invisible: a study of systems
thinking in compulsory school students’ descriptions of
a wastewater system

Nina Emami, KTH Royal Institute of Technology, Sweden
Susanne Engstrom, KTH Royal Institute of Technology, Sweden
Claes Klasander, Linképing University, Sweden

Abstract

This study investigates how ninth-grade students in Swedish compulsory school describe and
explain a technological system: the wastewater system. The analysis focuses on students’
verbal explanations while illustrating their self-drawn models of the system. Eleven students
(aged 15-16) participated through semi-structured individual interviews. Transcripts and
models were analysed using Hallstrom et al.’s (2022) classification model for system
understanding and thematic analysis. The results indicate that most students were able to
identify the system’s purpose, namely, the collection and treatment of domestic wastewater,
and describe components such as household outlets, sewer pipes, and treatment plants.
However, their descriptions were largely linear and focused on visible components, such as
inlets and manholes. Few references were made to energy flows, information control, system
boundary, or interdependencies with other systems. Most students’ reasoning remained at the
Multistructural level; only two demonstrated relational understanding, and none reached an
extended abstract level. The thematic analysis revealed that students faced difficulties in
understanding temporal processes, feedback mechanisms, and the consequences of system
failures, highlighting difficulties in grasping system complexity. The study calls for instruction
that explicitly makes hidden structures, interconnections, and sustainability aspects visible in
technological systems. It proposes combining student-generated drawings with visualizations,
simulations, and structured reflection to promote deeper and more transferable systems
thinking in technology education. Although grounded in a Swedish context, the findings and
suggested teaching strategies may inform broader educational settings and contribute to
strengthening systems thinking as a core competence in technology education globally.

Keywords
Technology education, technological systems, systems thinking, teaching strategies

Introduction

In today’s technology-intensive society, technology education plays a crucial role in preparing
students to understand and critically engage with the technological systems that permeate
daily life. As digital infrastructures, energy networks, transportation systems, and
communication technologies become increasingly complex and interconnected, the capacity to
analyse, interpret, and make informed decisions about these systems is fundamental. This
competence is essential not only for personal agency but also for participation in societal
development and the pursuit of sustainable innovation.

122



Design and Technology Education: An International Journal

At the heart of technological literacy lies the understanding of technological systems: complex
networks of components, processes, and flows that function together to meet human needs.
These systems extend beyond isolated artefacts or devices and encompass the interactions
between multiple components as well as the broader social, economic, and environmental
contexts within which they operate. Communication systems, energy supply chains, and
transport networks, for example, all depend on integrated subsystems whose coordination
determines the overall purpose of the system. To develop meaningful systems understanding,
students must grasp both the structure of these systems, their components and organisation,
and their behaviour over time, including how they respond to changes and connect with other
systems.

Understanding technological systems involves more than identifying visible components. It
requires analysing how these components interact together in relation to one another and how
systemic processes influence outcomes at multiple levels. This relational perspective enables
students to consider the societal and environmental consequences of technology, fostering not
only technical competence but also ethical awareness and sustainable decision-making. As
Ortnis (2007) demonstrates, students can describe a range of technological systems from
everyday life when supported by pedagogical approaches that foreground the relationships
between structure, purpose of the system, and human involvement. According to the same
author, students’ descriptions of technological systems are significantly enhanced when they
engage with images, artefacts, and other forms of visual representation that help to make
abstract or hidden system features more accessible. This emphasis on relational understanding,
where the focus shifts from isolated components to integrated wholes, reflects a growing
consensus in technology education research that systems thinking is essential for preparing
students to navigate and critically reflect on the increasingly complex technological world in
which they live.

A key aspect of developing this relational understanding is the cultivation of systems thinking,
which involves the ability to recognize and analyse how different components within a system
interact and influence each other. This aligns with Cabrera and Cabrera’s (2015) view of
systems thinking as the ability to identify patterns, relationships, and dynamics that shape
complex systems over time. Riess and Mischo (2010) define systems thinking as the capacity to
move beyond isolated observations and instead perceive systems as dynamic entities where
actions in one part may have consequences elsewhere. This approach allows students to see
not only the internal interactions within a system but also how technological systems connect
to broader societal and environmental contexts.

Voulvoulis et al. (2022) underscore that systems thinking is not merely an educational strategy,
but a critical cognitive competence for addressing large-scale sustainability challenges. They
argue that it must be scaled up across society to enable systemic change, and that education
plays a central role in catalyzing this transformation. Several studies illustrate that achieving
this type of holistic understanding is challenging for students.

Research by Lind (2019) and Hallstrom et al. (2022) shows that students often focus on
individual, visible components rather than on the complex interactions and hidden processes
that characterize technological systems. Their descriptions tend to be linear and fragmented,
with limited awareness of feedback mechanisms, system boundaries, or the role of human
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agency. This narrow focus restricts students’ ability to understand how systems behave as
wholes and how they impact the world around them.

To address these difficulties, scholars have highlighted the importance of instructional
strategies that help make systemic relationships and dynamics visible and meaningful to
students. Visualizations, models, simulations, and artefacts can serve as powerful tools for
bridging the gap between students’ everyday experiences and the abstract nature of
technological systems (Engstrém & Svensson, 2022; Citrohn et al., 2023; Ortnis, 2007). Such
tools allow students to trace flows of energy, materials, and information, and to observe how
changes in one part of a system can generate effects throughout the system. Ortnas (2007)
emphasises that using images and physical representations supports students in identifying
structures and roles, while also making it easier to understand the relationships that govern
system behaviour.

The importance of systems thinking extends beyond technological competence to include
education for sustainable development. Palmberg et al. (2017) argue that students need to
understand the complex interconnections between ecological, social, and economic systems to
critically examine the role of technology in sustainability. Meadows (2008) similarly describes
systems as dynamic and self-regulating, where cause and effect are often separated by time
and space. Senge (2006) highlights that perceiving such patterns requires an ability to think
systemically, an essential skill for addressing global challenges such as climate change, resource
scarcity, and environmental degradation.

Despite the relevance of systems thinking for both technological literacy and sustainability,
research demonstrates that many students have difficulty grasping system boundaries,
feedback loops, and the ways in which users interact with specific operational aspects of the
system, such as input-output relationships, control mechanisms, or user interfaces (Koski & de
Vries, 2013 Svensson, et al., 2012). Their interpretations often remain at the level of visible,
physical components, with limited capacity to analyse abstract aspects such as energy flows or
information exchange (Koski & de Vries, 2013). This fragmented understanding hinders
students’ ability to see systems holistically and to consider the implications of technological
choices.

To support the development of systems thinking, several researchers propose the integration
of visual and hands-on learning experiences. Engstrom and Svensson (2022) suggest combining
reflective discussions with practical activities such as study visits, technical drawings, and the
construction of models and simulations. Citrohn et al. (2023) underline those simulations, in
particular, help make invisible system processes visible, allowing students to analyse dynamic
behaviours and explore cause-and-effect relationships. Such approaches enable students to
move from fragmented descriptions towards integrated understanding.

Visualizations and models also serve as cognitive tools that bridge theory and practice. As
Senge (2006) argues, models help students grasp systemic relationships by externalizing
abstract ideas in a concrete, manipulable form. Similarly, Ortnis (2007) shows that using
images and artefacts allows students to describe system structures and identify functional
relationships more effectively. These findings suggest that integrating visualization strategies
into technology education not only enhances conceptual understanding but also supports the
development of systems thinking competencies.
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The relevance of systems thinking becomes particularly evident when considering the role of
technology in sustainable development. Palmberg et al. (2017) highlight those systems thinking
enables students to analyse the interconnected nature of environmental, social, and economic
systems, thereby fostering a holistic perspective on sustainability. By helping students perceive
technological systems as embedded within broader societal and ecological contexts, technology
education can equip them with the analytical tools necessary for responsible citizenship and
future innovation.

Despite the recognized importance of systems thinking for both technological literacy and
sustainability, much existing research has primarily focused on older students or on disciplines
such as biology and physics where systems thinking has a longer tradition (Riess & Mischo,
2010). In technology education, students often demonstrate fragmented understandings of
systems, focusing on isolated components or outputs rather than integrated structures and
flows (Svensson et al., 2012). In contrast, there is limited knowledge about how students in
compulsory schooling conceptualize technological systems and how their emerging
understanding can be supported within the context of technology education.

This study addresses this gap by exploring how lower secondary students (aged 15-16) describe
and conceptualize a technological system, with particular attention to how visualizations and
representations can support the development of systems thinking. These students, situated in
the final year of compulsory schooling in Sweden, constitute a key educational stage where
technology education can strengthen not only interest in technology but also the ability to think
systemically about technological processes and their consequences.

The study builds on the idea that relational understanding of systems, seeing both components
and wholes as well as flows and interactions, does not develop spontaneously but must be
deliberately supported through pedagogy. Drawing on research by Koski and de Vries (2013),
Palmberg et al. (2017), Meadows (2008), and Senge (2006), this study examines how
instructional strategies such as visualization, authentic contexts, and structured reflection can
foster more integrated systems thinking in younger students. In doing so, it responds to the call
for empirical studies that investigate how systems thinking can be cultivated in the context of
technology education at the compulsory school level.

By analysing students’ descriptions of a wastewater management system, the study offers
insights into both the strengths and limitations of their emerging systems thinking. It also
contributes to a broader discussion on how pedagogical tools and approaches can help
students move beyond linear, fragmented understandings towards a more holistic grasp of
technological systems and their societal relevance. Ultimately, the study aims to inform the
design of technology education that equips students not only with knowledge of technological
artefacts but also with the capacity to analyse the complex systems in which these artefacts are
embedded.

This study contributes new insights by combining students’ verbal accounts and self-drawn
models to explore their systems thinking about a technical system. Through the integrated use
of a classification model, the SOLO taxonomy and a thematic analysis, the study captures both
the structure and content of students’ reasoning. This approach foregrounds students’ own
voices and adds depth to previous research by showing how systems thinking emerges when
instruction and representation are closely connected.
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Aim and research question

The aim of this study is to explore how compulsory school students express their understanding
of technological systems, with a particular focus on their oral and written descriptions as well
as their self-drawn models of a wastewater system. By analysing how students describe,
explain, and reflect upon the system’s purpose, structure, flows, processes, and boundary, the
study seeks to identify key aspects of knowledge and characterize patterns in their systems
understanding.

The goal is to contribute to a deeper knowledge of how students’ understanding of
technological systems is manifested, thereby providing didactic implications for teaching aimed
at developing systems thinking. The study employs a theoretical classification model in
combination with thematic analysis as tools to identify what emerges in students’ expressed
knowledge.

The study is guided by the following research question:

e What characterizes lower secondary students” expressed understanding of a
technological system, specifically a wastewater system?

Theoretical framework of the study

This study applies the classification model for technological systems developed by Hallstrom et
al. (2022) in combination with the SOLO taxonomy (Biggs & Collis, 1982). The model highlights
four key aspects of systems knowledge:

e System boundary and relation to the environment
e The system’s purpose

e System structure and behaviour

e Resource flows (material, energy, informational)

Each aspect is analysed using the SOLO taxonomy levels: Unistructural, Multistructural,
Relational, and Extended Abstract. This dual framework enables an understanding of both what
the students know and how deeply they reason. The framework has previously been used to
map progression in students’ systems thinking and thus provides an established basis for
interpreting the data presented in this article.
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Table 1. Hallstrém et al. (2022), Classification model for system understanding the SOLO

taxonomy
SOLO categories
Aspect/Quality Unistructural | Multistructural | Relational Extended Abstract
1. System Describes no | Describes Relates to the Relates to multiple other
boundary and boundary boundary system’s systems and compares
relation to the environment: people, | systems with similar
environment society, nature, and purposes
other systems
2. Purpose of Relates Relates Relates purpose to the | Describes how questions
the system purpose to purpose to use of resources about the system’s
individuals society (energy, material, purpose can be
information) answered on a system
level (e.g., identifying
multiple purposes for a
system)
3. System Provides Describes Relates components Describes how changes
structure and examples of | relationships to system behaviour in
behaviour components | between and describes the components/subsystems
(modelling) components system using a affect other components
relevant model (e.g., and the system’s
network, cyclic, purpose
hierarchical or
input/output model)
4. Resource Describes Describes Describes energy Describes information
flows in the material flows of flowing and being being used in the system
system (energy, | flows energy and/or | used in the system. for control purposes
material, information
information)
Concrete Increased level of abstraction —

Method

Context description

The study was conducted in a Grade 9 technology class (students aged 15-16) as part of a
longer teaching sequence aimed at developing systems thinking. The specific instructional
context included prior classroom work on general system features, such as components, flows
and boundaries, combined with a study visit to a local wastewater treatment plant. This
provided an authentic and tangible reference system, already partially familiar to students from
earlier grades (4-6), where wastewater had been addressed in technology.

The teaching sequence consisted of introductory discussions, system diagrams, analysis of
system purposes and interconnections, and group work on either the wastewater system or
other technological systems. Students were encouraged to describe, compare, and critique
technological systems from both functional and societal perspectives. The wastewater system
served as a pedagogical starting point due to its combination of visible infrastructure (e.g.,
manholes and treatment tanks) and hidden processes (e.g., flow dynamics and control

mechanisms).
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Instruction emphasised identifying system elements and describing flows, but paid less
attention to feedback, control and interconnections. The SOLO classification and thematic
analysis used in this study provide insight into the effects of this instructional focus on students’
systems reasoning.

This pedagogical structure was intended to support students in recognising key system
characteristics and applying their understanding across different contexts. However, the
emphasis on concrete components and stepwise flows may have unintentionally reinforced a
linear mode of reasoning, limiting students’ opportunities to explore system dynamics and
feedback mechanisms.

Data collection

Data were collected through individual conversations with eleven Grade 9 students who chose
to continue working with the wastewater system after being given the option to explore
another technological system. The aim was to gain insight into how the students reasoned
about the system, with a particular focus on their understanding of structure, purpose of the
system, and interconnections.

The study places particular emphasis on students’ own voices and representations, both verbal
and visual. The combination of spoken reasoning and self-drawn system models allows for a
rich and situated insight into students’ understanding. This approach is relatively uncommon in
previous studies, which often rely on written tests or predefined tasks. By foregrounding
students’ own ways of expressing system reasoning, the study contributes new perspectives to
the field of technology education, highlighting how students conceptualize technological
systems beyond formal assessments.

Each student brought their self-drawn system model to the conversation. These models served
as cognitive and visual tools to support memory, reflection, and articulation of prior learning.
The conversations were conducted in a quiet meeting room at the school to foster a relaxed
and secure environment (Kvale & Brinkmann, 2014). Each session lasted approximately 30-45
minutes, depending on the individual participant.

To capture both verbal reasoning and students’ references to specific components in their
drawings, all conversations were audio- and video-recorded. This ensured that gestures,
pointing, and visual cues were preserved and could be analysed in relation to the students’
verbal explanations. The interviews were semi-structured, starting with open-ended prompts to
encourage free expression, followed by more specific follow-up questions aimed at deepening
the dialogue and eliciting elaborated reasoning (Kvale & Brinkmann, 2014).

Analysis of data

The analysis combined two complementary approaches: a deductive classification based on
Hallstrom et al. (2022) and an inductive, reflexive thematic analysis informed by Braun and
Clarke (2020). This dual approach was chosen to combine the precision of a structured
framework with the openness of an inductive method. This dual approach aimed to explore
both the depth and quality of students’ understanding of technological systems as well as the
content and character of their reasoning.
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The deductive framework builds on Hallstrom et al.’s (2022) extended use of the SOLO
taxonomy (Biggs & Collis, 1982), integrating four analytical dimensions: “Level,” “Structure,”
“Modality,” and “Generability” to enable a more nuanced categorization of students’
knowledge. “Level” refers to the complexity of understanding and is aligned with the SOLO
taxonomy levels (e.g., unistructural, multistructural, relational, extended abstract). “Structure”
assesses how coherent the reasoning is; “Modality” captures the form of expression (oral,
written, or visual); and “Generability” evaluates whether students can apply their knowledge in
broader or novel contexts.

This tool enabled the analyses not only of the types of knowledge, situated, conceptual,
procedural, or strategic (de Jong & Ferguson-Hessler, 1996), but also of the quality and
transferability of that knowledge. The model is particularly relevant when studying learning
progression, as it considers students’ ability to relate system components to each other and to
broader contexts (Hallstrom et al., 2022).

The classification focused on four central aspects of technological system understanding: (1)
system boundary and relation to the environment, (2) purpose of the system, (3) system
structure and behaviour, and (4) resource flows. Each student’s reasoning was assessed
qualitatively for these aspects and assigned a SOLO level. Statements were first broken down
into meaning-bearing units, which were coded and sorted under the relevant system aspects.
The identification of each aspect was guided by operational definitions developed in the early
coding process. For instance, statements indicating what the system is “meant to do” were
sorted under “purpose,” while references to elements entering or leaving the system, such as
water, sludge, or energy, were coded as “resource flows.” Descriptions involving connections
between parts or sequential stages (e.g., “first the water goes here, then it goes there”) were
categorized as “structure and behaviour.” Finally, indications of where the system begins or
ends, or how it relates to its surroundings, were classified as “system boundary and relation to
the environment.” This consistent coding procedure ensured analytic clarity and intersubjective
reliability across student accounts.

Individual analysis documents were created for all eleven students, combining quotations from
the conversations with descriptions of their self-drawn system models. These documents
provided a multi-layered view of each student’s understanding, allowing for the integration of
visual and verbal elements in the analysis. This enabled interpretation of how verbal and visual
expressions interacted, an important consideration in previous studies (Lind, 2019; Ortnés,
2007). The documents formed the basis for a synthesized results table, where each student’s
SOLO level per system aspect is presented. The table offers a systematic overview of individual
differences and common patterns across the group.

In parallel, a thematic analysis was conducted across the entire dataset, spoken comments and
drawn models combined, to identify recurring themes in how students reasoned about system
structure, purpose, and boundary. Unlike the deductive approach, this analysis treated the
student group, seeking to uncover shared ways of thinking and expression.

The thematic analysis complemented the classification by making visible the students’
conceptual framing of systems thinking. It allowed for the identification of recurring focal
points and reasoning strategies that were not constrained by pre-defined categories. This
contributed to a richer picture of students’ understanding by highlighting how they expressed
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relationships, boundaries, and functions in their own words and representations.

The two approaches were thus mutually informative: the classification offered a structured
account of students’ performance across defined aspects, while the thematic analysis captured
more nuanced reasoning patterns and meaning-making processes.

Together, the two analytical strategies, classification and thematic analysis, provide a
comprehensive understanding of both what students expressed about technological systems
and how well-developed their reasoning was. While the classification model offers structured
insights into levels of understanding, the thematic analysis highlights recurring patterns and
varying levels of system understanding, particularly in how students focus on components,
flows, and purposes, while systemic relationships and feedback mechanisms remain
underdeveloped. This combined approach strengthens the study’s relevance for developing
teaching strategies that promote systems thinking in technology education, with particular
importance for education for sustainable development (Koski & de Vries, 2013; Engstrom &
Svensson, 2022).

To enhance the credibility and transparency of the analysis, several measures were taken. The
coding process was iterative and reflexive, with initial codes developed independently and then
reviewed in relation to both theoretical constructs and empirical patterns. Throughout the
analysis, analytical memos were used to document coding decisions and emerging
interpretations. The SOLO classifications were discussed within the research team to ensure
consistency and intersubjective agreement. In the thematic analysis, constant comparison was
applied to verify the coherence of categories and to distinguish between surface-level
similarities and deeper conceptual patterns. These strategies support the analytical
trustworthiness and ensure that the findings are grounded in the data.

Research ethics and trustworthiness

The study was conducted in accordance with the guidelines set out in the Swedish Research
Council’s publication Good Research Practice (Vetenskapsradet, 2024) to ensure adherence to
sound ethical research practices and trustworthiness. Informed consent from the participants
was central, and before participation began, everyone received detailed information about the
purpose of the study and the nature of the data that would be collected. Participants were
given the opportunity to ask questions and express any concerns before they provided written
consent to participate. Only individuals who were 15 years of age or older were included in the
study. To protect participants’ privacy and safety, they were informed that their participation
would be anonymous, and that personal information would be handled confidentially. No
names or identifying details were used in the reporting or in any other contexts not directly
linked to the study. Furthermore, participants received clear information about their right to
withdraw from the study at any time without any negative consequences.

Results

To provide an overview of the students’ visual representations of the system, the content of
their drawn models is summarized in Table 2. This table serves as a complement to the
subsequent analysis, as the models in several cases constitute an important part of the
students’ system expressions.
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Table 2. Students’ Models of the Wastewater System and Their Content Focus

circular flows via
purification plant
and sea back to
the house.

Student Drawn models Alt, text Explanatory caption

Anna Model with a Focuses on a pump station
pump station handling elevation
lifting water from | differences; illustrates
alowertoa technical solution but few
higher level. system connections.

Diana Model with Highlights sludge handling
purification steps; | and gravity flow;
the word ‘sludge’ | emphasises the
between steps, purification plant as the
‘gravity flow’ hub but lacks links to other
indicated. systems.

Fredrik Model of pipes [llustrates mechanical,
with three biological, chemical
purification steps | purification but misplaces
and a misplaced pump where gravity flow is
pump. needed, example of ‘deep

but wrong’.

Hamid Model with Emphasises operational
household problems (blockages) and
perspective, user behaviour rather than
blockage in pipes | system structure.
and solutions.

Aida Model with toilet | Technically detailed;

- fat lump = connects household,
pump station > operational points and
purification plant | environmental goal, clear
- lake. purpose focus.

Mia Model of The only model explicitly
apartment illustrating a circular flows
building with boundary within the

system, introduces system
circularity.
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Mary Model with Emphasises pipe
sloping pipes inclination and constant
"f’:'\/: I = illustrating flows; lacks technology for
— - - — =~/ [w | continuous elevation differences or
A - — P :t gravity flows. system links.
fimer

John Model with three | Typical linear model
houses - pump ‘household = pump =
well - purification plant - sea’;
purification boxes | contrasts with Mia’s

~| = purification circular model.
| plant > sea.
o il

Angelina Model with Everyday image
multiple houses, emphasizing operation,
blockage hygiene and environment,
symbols, pump, student perspective on
sludge well and purpose and maintenance.
purification plant.

Sara Model with house | Simple linear model with a
- pump well - stop/warning state;
purification plant | illustrates unistructural
- open channel level.
to lake.

Ryan Model with Illustrates simple flows
simple flows and | direction and fat problems;
text about fat in few technical details but
pipes. clear everyday connection.

Part 1. Classification of System Understanding According to Hallstrom et al (2022) and the
SOLO Taxonomy

Table 3 summarizes the results and illustrates how the students’ expressions are distributed
across the four aspects of technological systems and the levels of the SOLO taxonomy. The
table provides an overall picture of the variation in the quality of knowledge and enables
comparisons between different forms of expression and levels of understanding.
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Table 3. Students’ qualities of knowledge about a wastewater system according to the SOLO

taxonomy
SOLO categories
Aspect/Quality | Unistructural Multistructural | Relational Extended Abstract
1. System Describes no Describes Relates to the Relates to multiple other
boundary and boundary boundary system’s systems and compares

relation to the
environment

Angelina, Sara,

Anna, Diana,

environment:
people, society,

systems with similar
purposes

Ryan. Fredrik, nature, and other
Hamid, Aida, systems
Mia, Mary,
John. Diana, Fredrik,
Hamid, Aida, Mia,
Mary, John
2. Purpose of Relates purpose | Relates Relates purpose to | Describes how questions
the system to individuals purpose to the use of about the system’s
society resources (energy, | purpose can be
Angelina, Sara, material, answered on a system
Anna, Ryan, information) level (e.g., identifying
Diana, Fredrik, multiple purposes for a
Hamid, Aida, Diana, Fredrik, system)
Mia, Mary, John Hamid, Aida, Mia,
Mary, John
3. System Provides Describes Relates Describes how changes
structure and examples of relationships components to in components/
behaviour components between system behaviour | subsystems affect other
(modelling) components and describes the components and the
Sara, Angelina, system using a system’s purpose
John, Fredrik, Anna, John, relevant model
Hamid, Aida, Fredrik, (e.g., network,
Mia, Mary, John, | Hamid, Aida, cyclic, hierarchical
Ryan Mia, Mary, or input/output
John, Ryan model)
John, Fredrik,
Hamid, Aida, Mia,
Mary, John, Ryan
4. Resource Describes Describes Describes energy Describes information
flows in the material flows flows of flowing and being | being used in the system
system (energy, energy and/or | used in the system. | for control purposes
material, information

information)

Angelina, John,
Sara, Ryan,
Diana, Fredrik,

John, Sara, Ryan,
Diana, Fredrik,
Hamid, Aida, Mia,

Hamid, Aida, Mary. Anna
Mia, Mary, Anna
Concrete Increased level of abstraction ——
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Summary of classification results

The classification shows that many students demonstrate multistructural reasoning when
describing the purpose of the system and its structure and behaviour. They are often able to
identify several components or steps but have difficulty connecting these into a coherent
whole. Aida and Diana stand out by showing relational understanding, where the function of
the system is described in relation to its components.

In the aspects concerning system boundary and resource flows, the responses are generally less
developed. Some students, like Sara and Ryan, mention where the system starts and ends, but
without relating it to other systems or broader environmental contexts. Flows of energy and
information are seldom addressed, and no student reached the extended abstract level in any
of the aspects.

Overall, the analysis reveals a variation in both the number of aspects each student touches
upon and the depth of their reasoning. While some responses are limited to listing components
or steps in a process, others begin to explore relationships between components and link the
system to societal or environmental concerns. Still, most descriptions reflect a linear
understanding of the system, typically moving from household to treatment plant to nature.
Few students describe systems as networks or refer to feedback mechanisms, and there are
very few mentions of interactions with other technological systems. These findings highlight the
need for instruction that supports students in moving beyond surface-level descriptions
towards a more connected and dynamic view of technological systems.

Shading in Table 3 indicates the SOLO level of students’ expressions. Light grey corresponds to
unistructural responses, where students mention isolated aspects of the system. Medium grey
represents multistructural reasoning, where multiple components are described without
connections. Dark grey is used for relational expressions, in which students integrate
components into a functional whole. Very dark grey indicates extended abstract responses,
where students reason beyond the immediate context. White cells indicate that no relevant
expression was found for that aspect.

Part 2: Thematic Analysis

Themes were identified through an inductive and iterative coding process. Each theme
highlights patterns in how students articulated their understanding of the wastewater system.

The overall purpose of the system

Students commonly described the system’s purpose as transporting and treating wastewater to
protect human health and the environment. This understanding was typically framed through
an input—output perspective, in which contaminated water is moved from households to a
treatment plant and then released back into nature.

Aida stated: “We have the wastewater system because otherwise the sewage water goes to
lakes and the sea and pollutes them so that it leads to eutrophication and too many nutrients
and proteins in the water.” Similarly, John described: “The purpose of the system is to provide a
clean environment and health.” These responses emphasise the system’s value based on its
outcomes, rather than its internal structure or broader connections.
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Most students conceptualised the system as a linear and unidirectional flow, emphasising
removal over circulation or reuse. While household sources of pollutants, such as toilets,
dishwashing, and laundry, were often mentioned, students did not describe links to other
infrastructures, such as drinking water supply or energy recovery from sludge. The system was
primarily perceived as an isolated solution to a hygiene-related problem.

The central role of a subsystem — the wastewater treatment plant

The treatment plant was frequently identified as the core of the system. Although students
occasionally referred to it as a subsystem, their descriptions often assigned it a central, even
dominant, role. Other components, such as pipes and manholes, were typically seen as passive
conduits.

Many students described treatment stages, mechanical, biological, and chemical, but with
limited technical detail. Angelina explained: “The purpose of the sewage system is to clean the
water and remove poo and pee from the home; otherwise, one would have to take it out to the
trash oneself, and it would smell, and people would get sick.” This reflects a view of the system
as a solution to a domestic problem, grounded in everyday experience.

However, few students elaborated on issues like energy use, system-wide coordination, or
environmental impacts beyond the local context. The treatment plant was largely viewed as a
standalone unit where pollution is processed in a stepwise manner, without connections to
broader ecological or technical systems.

The depiction of the system’s structure — linear flow

Students described the wastewater system as a series of sequential components. The flow from
household to treatment plant was presented as a straightforward path, with little emphasis on
interdependencies or networked structures.

Mia said: “I have drawn the entire sewage system with all the pipes and the wells.” Her
description indicates an understanding of the system as a linear assembly rather than a
dynamic whole. Similarly, Anna noted: “There are pumps for the houses that are located lower
down, which can pump up the sewage water.” This illustrates a problem-solution logic, but
without broader system reasoning.

While some students referred to subsystems, such as sludge management, these were often
seen as just additional steps, not as components with internal processes or feedback
mechanisms. Diana said: “Then there are subsystems in the system too, and that is the sludge
management system|...]” but did not elaborate further.

Students frequently attributed maintenance issues to individual user behaviour. Fredrik
explained: “Through education and awareness, one can try to reduce the number of
unnecessary objects being flushed down the drains|...]” and Hamid added: “There can be
blockages]...] and then you fix it yourself[...] Otherwise, the men who work with the pipes come
and fix it.” These responses suggest a localized understanding of problems, rather than one
informed by system-wide design or operational load.

Overall, the system was perceived as a linear arrangement of components, rather than a
network with dynamic flows and regulation.
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Transport and system boundary

Students described wastewater transport primarily as passive flow via gravity, occasionally
supported by pumps. Aida explained: “The wastewater from the apartments or houses always
goes downward, so that the flow will work even when there is a power outage.” Diana similarly
noted: “The wastewater moves forward through the pipes; they are sloped like this, so it flows
by itself down there.” These statements reflect a surface-level understanding of physical
conditions, without reference to flow dynamics, pressure, or energy dependence.

Some students acknowledged the role of pumping stations in overcoming elevation differences,
but did not reflect on power supply, redundancy, or failure scenarios. John said: “The larger
pipes go downward using gravity, but in the houses that are lower down, the water moves
upwards with the help of a pumping station.”

System boundaries were usually defined spatially, from household to nature. Diana expressed
this clearly: “The wastewater systems start in the home and end out in nature with clean
water.” Few students mentioned feedback, loops, or integration with other systems.

A few students touched on potential system connections. Mia said: “When you flush, air goes
down and gets pressed down[...] that also has something to do with the ventilation system.”
Aida noted: “They take all the fertilizer to the fields.” These ideas hint at systemic thinking but
were not developed further.

Challenges such as pharmaceutical residues, industrial discharges, or stormwater inflow were
largely absent from student reasoning. Descriptions focused on visible components and
straightforward movement, suggesting a limited understanding of system-environment
interactions.

Discussion

The aim of this study was to explore lower secondary school students’ understanding of
technological systems through their descriptions of a wastewater system, using the SOLO
taxonomy combined with Hallstrom et al.’s (2022) four aspects of system understanding and
thematic analysis. The findings illustrate that students primarily express a linear understanding
of the system, focusing on visible components and sequential processes, while connections
between subsystems, feedback loops, and inter-system relationships are limited.

This study adds to previous research by combining classification, SOLO levels and thematic
analysis to offer a more complete picture of students’ systems thinking. The approach
highlights not only what students understand, but how they express and organise that
understanding. By attending to both verbal reasoning and visual representations, the study
provides new perspectives on how students engage with technological systems in school, and
how teaching can support that development.

As shown in Table 3, most students were placed at the multistructural level, particularly
regarding system structure and purpose. This aligns with the theme “Linear flow”, where
students described the system as a simple sequence from household to nature. Similarly, their
focus on visible components and isolated subsystems, such as the treatment plant, reflects a
fragmented understanding, with few references to energy flows, feedback, or interconnections.
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Students demonstrate basic knowledge of the system’s components and purpose of the
system, but their understanding of system integration, dynamics, and feedback remains
underdeveloped. Students demonstrate basic knowledge of the system’s components and
purpose of the system, but their understanding of system integration, dynamics, and feedback
remains underdeveloped. This pattern has been recognised in earlier research, where students’
reasoning about systems often centres around isolated elements rather than dynamic
interrelations (Palmberg et al., 2017; Riess & Mischo, 2010).

The classification places most students at the multistructural level of the SOLO taxonomy,
where multiple system components are described but rarely connected into a coherent whole
(Hallstrom et al., 2022; Koski & de Vries, 2013). The thematic analysis confirms this pattern:
students tend to describe the system as a simple flow from household to treatment plant to
nature. While key components are correctly identified, their interrelationships, feedback loops,
and invisible processes such as energy flows or system monitoring are rarely addressed
(Meadows, 2008; Senge, 2006).

A key finding is that many students seem to conceptualize the system in a stepwise fashion,
where each stage is treated as independent rather than interconnected. This
compartmentalized view suggests that students struggle to visualize how changes in one part of
the system can affect the whole, or how flows of material, energy, and information are
maintained across boundaries.

Although the teaching sequence included both visualisation tasks and a study visit, it may not
have provided sufficient opportunities for students to work actively with systemic relationships.
The instruction placed emphasis on identifying system components and describing the
sequence of flows, but did not explicitly support reasoning about feedback, control or cross-
system interactions. This could partly explain why many students remained at the
multistructural level. Rather than indicating a lack of conceptual ability, their reasoning may
reflect how systems thinking was framed and made visible in the classroom context. By
triangulating classification, SOLO levels and thematic analysis, this study provides an integrated
view of students’ system understanding that goes beyond prior research. While earlier studies
have reported similar challenges in fostering students’ systemic reasoning (e.g., Riess & Mischo,
2010; Palmberg et al., 2017), this study contributes by combining multiple analytical lenses and
providing detailed insight into how these limitations are expressed in students’ own reasoning.

One important observation is that while students often associate the system’s purpose with
environmental and health protection, their reasoning seldom extends to circular processes,
long-term effects, or system interdependencies (Palmberg et al., 2017). Subsystems, such as
sludge management, are described in isolation rather than as part of a larger network (Lind,
2019). The lack of attention to feedback mechanisms or reciprocal relationships indicates that
students’ system understanding is often static rather than dynamic. For instance, sludge
management is rarely linked by students to agricultural reuse or energy recovery systems, even
though these connections are central to sustainable wastewater treatment. Similarly, pumping
stations or monitoring systems are almost never mentioned, despite their key roles in
regulating flows and connecting different parts of the infrastructure. This suggests that
subsystems are not only seen in isolation but also disconnected from broader technological and
societal systems, such as farming, energy production, or digital control networks.
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Moreover, system boundaries are typically framed as a linear path from household to nature,
with limited references to connections with other infrastructures such as ventilation systems or
agriculture (Hallstrom et al., 2022). Students rarely mention how the wastewater system
interacts with or depends on broader urban systems, such as energy provision, governance, or
circular economy initiatives. This linearity reflects what other studies have identified as a
common pattern in young students’ system reasoning, where input—output thinking dominates
while feedback, regulation, and cross-system relations remain unexplored (Riess & Mischo,
2010).

These findings point to the need for instruction that not only supports the identification of
system components but also explicitly highlights system dynamics, hidden processes, and
interconnections. Without such pedagogical scaffolding, students risk remaining at a surface
level of understanding, unable to transfer or apply systems thinking to other technological or
sustainability contexts.

To support the development of systems thinking, instruction should therefore move beyond
concrete, linear descriptions towards more integrated, dynamic perspectives. Visualizations,
comparative system analyses, and authentic examples can play a key role in this progression
(Engstrom & Svensson, 2022). Additionally, explicit discussions about how real-world systems
rarely function in isolation, but instead are embedded within wider societal and environmental
contexts, could help extend students’ understanding. However, it is also important to
acknowledge that students’ linear representations may not solely reflect a lack of
understanding, but rather a developmental stage in their systems thinking. As such, these
representations can serve as valuable starting points for pedagogical interventions that
gradually introduce complexity, interconnections, and feedback. The combination of
classification and thematic analysis in this study provides valuable insight into how such
instructional approaches could be targeted to foster more advanced reasoning.

The findings suggest that instructional design should support the transition from descriptive to
integrative reasoning by scaffolding students’ attention to system boundaries, feedback
mechanisms, and interdependencies. Practical strategies may include comparative analysis of
different systems, model-based reasoning, and explicit reflection tasks where students consider
the consequences of changes in one part of the system. These approaches could strengthen
students’ ability to engage with complex technological and socio-ecological systems, aligning
with goals in education for sustainable development.

By combining a structured classification model with a reflexive thematic analysis, this study
contributes methodologically by illustrating how quantitative indicators of system
understanding (e.g., SOLO levels) can be complemented by qualitative insights into students’
reasoning processes. This dual approach may be particularly valuable in educational research
on complex cognitive domains, such as systems thinking, where both breadth and depth of
understanding are important to capture.

Limitations

This study has some limitations that are important to acknowledge. It was conducted in a single
compulsory school in Sweden with a relatively small group of eleven students. While the
intention was to gain in-depth insights into students’ systems thinking, the limited sample size
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and specific teaching context mean that the findings should not be generalised without caution.
The results provide indications of patterns in students’ reasoning but cannot be assumed to
represent wider populations without further studies across different schools and contexts.

The students had previously encountered the wastewater system through classroom
instruction and a study visit. These experiences likely shaped how they described the system in
the interviews, and while this was part of the intended design, it also makes it difficult to
separate what stems from prior teaching and what reflects students’ independent reasoning.
Despite the structured instructional approach, many students’ responses remained at the
unistructural or multistructural level. This may reflect the complexity of systems thinking but
also points to challenges in making abstract system aspects visible and accessible in teaching.

Furthermore, the analysis draws on a combination of students’ verbal reasoning and self-drawn
models. This allowed for a rich interpretation of their understanding, but it also involved
interpretation by the researchers—particularly in the classification of reasoning levels using the
SOLO taxonomy. Although efforts were made to ensure consistency and transparency, a degree
of subjectivity remains. The use of two analytic frameworks strengthened the analysis but also
introduced interpretative complexity, especially in borderline cases of classification.

Finally, the study focused on one specific system. The wastewater system was chosen because
it is both concrete and complex, but it is unclear whether students would reason in the same
way about other systems, such as those involving digital infrastructure or energy flow. While
this system provided a relevant context for exploring flows and boundaries, other systems
might evoke different conceptual challenges. Future studies could explore how students’
systems thinking develops across different types of systems and instructional designs.

Implications for teaching

The study illustrates that lower secondary students can develop an emerging understanding of
technological systems when teaching highlights concrete components, flows, and functions.
However, this understanding is shaped by what is made visible in instruction. Students tend to
grasp what is concrete, like pipes and treatment stages, while abstract or systemic aspects
remain hidden. This underscores the importance of deliberate instructional choices that reveal
both the visible and invisible dimensions of technological systems.

To foster more coherent systems thinking, teaching must address not only the content of
systems but also how systems operate as interconnected wholes. This involves emphasizing
structures, processes, relationships, and system behaviours that may not be immediately
apparent (Meadows, 2008; Senge, 2006). Many students illustrate a basic, linear understanding
of systems. Instruction should therefore highlight network structures, feedback loops, energy
and information flows, and links to other societal and ecological systems (Palmberg et al.,
2017).

One effective strategy could be to have students compare multiple system models, for
example, linear and circular wastewater systems. Such comparative analysis can help make
system structures explicit and encourage students to question simplistic or fragmented
representations. Engstrom and Svensson’s (2022) teaching model, which combines
visualisations, authentic experiences, and reflection, offers practical strategies for making both
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visible and invisible system aspects accessible. Drawing on students’ everyday experiences,
such as prior visits to treatment plants, can also help ground abstract concepts in familiar
contexts. Moreover, sustainability aspects can be integrated by illustrating circular flows, such
as the transformation of sludge into fertiliser or biogas, thus making resource use and
environmental impacts more tangible.

Hallstrom et al.’s (2022) classification model supports both planning and assessment by
identifying which system aspects students grasp and which need reinforcement. By combining
this with the SOLO taxonomy, teachers can plan for progression from unistructural and
multistructural levels towards relational and extended abstract understandings. Formative
assessment that explicitly targets students’ ability to connect system components, identify
feedback, and reason about broader system implications could help guide this progression.

The findings indicate that many students remain at the multistructural level, where system
components are identified but not yet coordinated into a holistic understanding. To support
progression towards relational and extended abstract reasoning, instruction needs to scaffold
students’ ability to connect components, functions, and flows within and beyond the system.
One approach is to engage students in structured comparisons between systems, where
common patterns such as flows, boundaries, and feedback can be discussed. Whole-class
modelling activities, using teacher-led visualisations, can also support the identification of
interactions and causal relationships between components. Furthermore, Engstrom and
Svensson’s (2022) model highlights the value of combining visualisation, authentic contexts and
reflective tasks to support students in articulating system relationships. Hallstrom et al.’s (2022)
classification model can be used formatively to identify which system aspects are present in
student reasoning and to guide instructional focus. Teachers may support students' movement
up the SOLO taxonomy by drawing attention to system dynamics, inviting predictions, and
encouraging reasoning about system-level consequences. Together, these strategies can
support a shift from fragmented descriptions to more coherent, transferable understandings of
technological systems.

Finally, systems thinking should be embedded across the technology curriculum rather than
treated as an isolated competence. Early and continuous exposure to systems concepts,
increasing in complexity over time, can help students build transferable knowledge and
cognitive strategies for analysing diverse technological systems (Riess & Mischo, 2010;
Voulvoulis et al., 2022). This progression is crucial for preparing students not only to
understand existing technologies but also to critically engage with future sustainability
challenges.

In conclusion, fostering systems thinking in technology education requires targeted instruction
that makes systems visible, highlights interconnections and dynamics, and situates learning
within real-world sustainability contexts. Through this, students can be supported in developing
deeper, relational, and dynamic understandings that extend beyond surface-level knowledge
and contribute to responsible technological citizenship.
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Abstract

Interactive serious games enhance science-based communication and promote deeper learning
about sustainable development. It is yet undiscovered that how can Al-augmented interactive
experiences enhance the engagement and spread awareness. This study proposes an Al-
augmented digital serious game in public installation format. First, the study introduces a
serious board game centered on Sustainable Development Goal (SDG) 11 to test the learning
aspects and the engagement of the game. The study hypothesizes that a serious game with a
clear message, engaging mechanics, and appealing design can significantly enhance
understanding of sustainability’s relevance to everyday life. Using a Research through Design
(RtD) approach, the study incorporated iterative feedback from pilot tests. These tests
highlighted the effectiveness of problem-solving and group discussions in fostering
engagement. The insights directly informed the design of the digital version, which emphasizes
streamlined and accessible gameplay.

Keywords
Sustainability, built environment, serious games, eco-didactic, game-based learning, Al

Introduction

Raising awareness about sustainable development is becoming increasingly urgent in the face
of accelerating climate change and environmental degradation. In fostering sustainability
literacy, interdisciplinary education, systems thinking, project-based learning, and civic
engagement are among the most recognized approaches (Boarin & Martinez-Molina, 2022).
Experimental approaches, such as self-directed learning, museological learning, game-based
learning, and gamification could create engaging experiences regarding spreading public
awareness on sustainability in the built environment (Boragine, 2023; Falk & Dierking, 2000;
Kolb, 2014; Sailer et al., 2017). However, how these methods connect with broader audiences
in informal or public settings and how digital technologies and Artificial Intelligence can
enhance the experiences remain under discovered. Therefore, this study aims to explore
learning mechanisms and engagement strategies of a serious board game that teaches
sustainable development in the built environment. Consequently, the findings from the serious
game are used to develop an Al-powered interactive digital public installation for raising
environmental awareness and promote sustainable development. Therefore, this paper
presents the initial phase of a larger project that aims to develop an Al-enhanced digital
installation for public use. The current study focuses on the analog and semi-digital prototypes
used to explore effective gameplay elements and educational strategies. The outcomes of pilot
tests inform the ongoing development of a digital version intended for deployment in public
spaces.
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According to the Sustainable Development Report 2023 (Sachs et al., 2023), progress on SDG 4
(Quality Education) remains insufficient at the midpoint toward the 2030 Agenda (Education,
2015). Likewise, a 2022 Canadian survey on climate change education (Schwartzberg et al.,
2022) revealed that 64% of respondents believe the education system is not doing enough to
address climate change. These findings point to the need for complementary educational tools
that promote public engagement and self-directed learning beyond formal institutions.
Alternative educational tools such as serious games, have demonstrated effectiveness in
simulation of complex subjects, specifically regarding sustainability in the built environment
(Boragine, 2023; Dib et al., 2012; Dib & Adamo-Villani, 2014; Romano & Rogora, 2023). On the
other hand, public realm offers unique opportunities for experiential learning and raising
awareness through interactive installations, public art, and gamified experiences. Eco-art
installations in particular have shown strong potential to engage citizens in environmental
issues by transforming complex topics into accessible, multisensory encounters (Cucuzzella et
al., 2020, 2021; Karimimoshaver et al., 2021; Lee, 2021). One notable example is Mary Miss’s
Broadway: 1000 Steps, which localized environmental issues and produced positive community
outcomes (Miss, 2009). In the same token, interactive installations have demonstrated high
public engagement (Horst, 2022; Ntalla, 2021; Olgen & Cucuzzella, 2024; van Renswouw et al.,
2022), transforming public spaces into experimental playgrounds that would be open for many
opportunities. Such initiatives demonstrate how the public realm can foster civic dialogue,
learning, and behavior change.

Building on this potential, the study introduces the initial phase of an eco-didactic installation,
drawing inspiration from eco-art as a means to advance urban sustainability education in the
public realm. The central hypothesis is that a well-designed game, combining clear messaging,
interactive mechanics, and aesthetic appeal, can significantly improve public understanding of
sustainability in the built environment and its connection to everyday life. To test this, we
developed and evaluated an analog board game based on SDG 11: Sustainable Cities and
Communities, due to its relation to sustainable development in the built environment. This
study understands sustainability in the built environment as combination of actions including
designing, developing, constructing, and operating buildings and urban constructions in ways to
decrease environmental impact. The game design was informed by a Research through Design
(RtD) methodology and emphasized participatory development, iterative feedback, and
interdisciplinary learning principles. RtD methodology is significant in this case due to its
exploratory nature, allowing flexibility with iterative experimental testing which is suitable in
designing and testing a serious game and an interactive digital installation (Godin & Zahedi,
2014; Koskinen et al., 2011; Zimmerman et al., 2007).

The remainder of this article structured as follows: Following section provides a literature
review on playful and educational eco-experiences, establishing the theoretical grounding for
the study. After the literature review, methodology is defined, including the research questions
and objectives, the development of the game prototypes, participant sampling and ethical
considerations, and the evaluation tools and experiment setup. Results section presents the
findings from the focus group evaluation, the in-person playtest and survey results of Version A,
and the survey results of Version B. Discussion section connects the outcomes to the design of
a digital, Al-augmented eco-didactic installation intended for public engagement.

144



Design and Technology Education: An International Journal

Literature Review: Playful and Educational Eco-Experiences

Environmental education has increasingly embraced experiential and participatory methods
that emphasize active learner engagement. Falk and Dierking argue that self-directed,
physically grounded learning experiences enhance knowledge retention and relevance,
particularly in formal settings (2000). Such approaches are well-suited to public spaces and
museums, where visitors interact with content through their senses, actions, and discussion.

Studies have consistently shown that interactivity and playfulness significantly enrich
environmental learning, especially in informal contexts (Lesen et al., 2016; Ntalla, 2021; Wang
& Chen, 2021). Regarding sustainability education in the built environment, the educational
tools that use gamification (Deterding et al., 2011; Sailer et al., 2017) and serious games
(Boragine, 2023; Polys et al., 2017) has shown significant potential in fostering environmental
awareness, facilitating multifaceted systems thinking approach, by simulating real-life
applications. Unlike gamification, which typically incorporates game elements into non-game
settings, serious games are designed specifically with educational goals at their core (Den Haan
& Van der Voort, 2018; Ouariachi et al., 2019; Stanitsas et al., 2019; Wouters et al., 2013). In
sustainability context regarding the built environment, serious games have been found to
increase learner engagement, promote interdisciplinary dialogue, and encourage long-term
behavioral change (Gatti et al., 2019; Ho et al., 2022; Isaacs et al., 2008; lyer-Raniga &
Andamon, 2016).

Among many effective alternative educational approaches, board games, in particular, have
shown strong potential for facilitating sustainability learning. Eisenack’s KEEP COOL game
enables players to simulate climate negotiations, integrating biophysical, economic, and
political aspects of climate change (2013). The game encourages interdisciplinary
communication and has been used successfully in academic and public settings. Similarly, Tsai
et al.’s developed Be Blessed Taiwan, which teaches the trade-offs between economic
development and biodiversity preservation (2021). Players reported increased understanding of
conservation concepts and gained policy decision-making and teamwork skills. Fjzellingsdal and
Klockner evaluated four environmental-themed board games and found that they effectively
simplified complex sustainability concepts and stimulated reflection on cause-effect
relationships in environmental systems (2020). Cheng et al. designed a problem-based board
game on water resource adaptation, which used role-play to enhance responsibility,
negotiation, and critical thinking (2019).

Other forms of game-based learning, specifically in the context of teaching sustainability in the
built environment, such as digital games, have proven effective, supporting the traditional
lectures on the subject (Ayer et al., 2016; Juan & Chao, 2015; Lameras et al., 2013). These
examples show the potential of the educational value of games that are purpose-built for
sustainability learning.

Beyond analog games, digital and immersive experiences also support eco-didactic goals. Ntalla
explored play and playfulness in an interactive museum installation titled The High Arctic
Installation, noting that multisensory environments shifted adult perceptions of learning and
engagement (2021). Participants who initially perceived play as “childish” became more
enthusiastic, suggesting the transformative potential of spatial and sensory-rich formats. Wang
and Chen demonstrated that interactive, multi-level tablet-based games for marine education
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increased both engagement and correct knowledge retention rates (81,7% post-game
accuracy), underscoring the value of interactive technology in science education (2021).

Emerging technologies such as Artificial Intelligence (Al) also hold promise for enhancing
serious games. Al can personalize feedback, simulate complex scenarios, and support real-time
interactions in public installations. While few studies have yet explored Al-integrated eco-
didactic tools, early examples suggests that Al can act as both guide and collaborator, adapting
content dynamically to player choices and offering tailored insights (Audry, 2021; Boragine,
2023).

In a preliminary study at Montreal’s Biosphere Environment Museum, the authors evaluated
interactive installations demonstrated in two exhibitions: Eco Lab and This is Not an Umbrella
(Olgen & Cucuzzella, 2024). A comparative analysis between digital and analog interactive
installations and non-interactive installations were conducted within the study. Results show
that analog and multisensory installations generated more dialogue, engagement, and
collaborative learning than passive or purely digital ones. Participants gravitated toward more
playful interactive experiences than mere touch screens, reinforcing the effectiveness of play-
based environmental education.

Identified Gap and Study Contribution

While these examples demonstrate the pedagogical potential of board and digital games, there
remains a lack of research combining serious game mechanics, Al-powered interactivity, and
public realm installations for sustainability in the built environment education. This study
addresses that gap by testing analog and digital prototypes of a serious game informed by SDG
11. It contributes to the literature by integrating participatory design, iterative development,
and empirical evaluation into a framework for a future Al-powered interactive public
installation.

Materials and Methods

This study adopts a Research through Design (RtD) methodology, which is particularly well-
suited for educational interventions involving participatory design and iterative prototyping
(Godin & Zahedi, 2014; Koskinen et al., 2011; Zimmerman et al., 2007). RtD enables the
exploration of design as a method of inquiry, emphasizing learning-through-making and refining
solutions based on stakeholder feedback. In this research, RtD provides a framework for
developing, testing, and refining a serious game that integrates educational theory with real-
world learner experiences.

RtD was chosen for this capacity to support participatory and iterative development in the
context of sustainability education. By engaging students, educators, and interdisciplinary
collaborators in the design process, the method ensures that the resulting game is grounded
not only in theoretical principles but also in users’ cognitive, social, and experiential needs.

Research Objectives and Questions

The study explores how game-based learning can support sustainable development education
in the built environment in both formal and informal learning environments, particularly those
within the public realm. The overarching goal is to evaluate the effectiveness of interactive and
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didactic components, through board game designs, in the early development stages of an Al-
powered eco-didactic installation. Specifically, the study is guided by two research questions:

e Interactivity: How can interactive gameplay elements, such as decision-making,
negotiation, and collaboration, be integrated into a board game to maximize
engagement and meaningful player interaction?

e Didactic Aspects: How can a game be designed to effectively convey sustainability
principles, especially those related to SDG 11: Sustainable Cities and Human
Settlements, while fostering critical thinking and collaborative learning?

Game Design and Prototypes

The serious game, titled Next-Gen Islands, was developed through three iterative stages, each
building on the findings of the previous:

e Version A: A physical board game prototype emphasizing target-based challenges and
collaboration tested in small, in-person focus groups.

e Version B: A digital, collaborative problem-solving adaptation developed using the Miro
platform, tested in a virtual classroom to simulate collaborative gameplay.

e Version C: A planned Al-augmented digital prototype currently under development.

Both Version A and B contextualize SDG 11 through four thematic targets: housing, public
transportation, green spaces, and environmental impact. The analog version features four
fictional islands with each team acting as decision-makers for their island’s sustainable
development. Gameplay is designed to prompt discussion, argumentation, and justification,
students solve randomly drawn problem cards using “action cards,” all color-coded to represent
SDG targets. Progress depends on the strategic allocation of limited resources, represented by
dice rolls simulating government funding.

Version B simplifies these mechanics to prioritize dialogue and collaboration. Tested online
during a virtual class, this version removed game competitiveness and time constraints, shifting
the focus group deliberation and peer-reviewed decision-making. Students used breakout
rooms to discuss problems and present solutions, which other teams would approve or reject.
This version was also used to simulate future Al-driven interactions using Wizard of Oz
prototyping, where facilitators manually replicated Al functions (e.g., prompts, reactions,
dynamic content) (Dow et al., 2005).

Next-Gen Islands Board Game (Version A)

The Next-Gen Islands board game was developed to contextualize the four primary targets of
SDG 11: Sustainable Cities and Human Settlements within an engaging, real-lime simulation
(Figure 1). The game’s pedagogical objective is to promote critical thinking and collaborative
decision-making by challenging players to address urban sustainability issues through scenario-
based gameplay. The game offers a competitive play where four groups of people compete to
each other to first achieve the objectives.
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Figure 1. Selected 4 targets of SDG 11

The game features four fictional islands, each assigned to a team of 2-3 players, who assume
the roles of urban decision-makers. These islands are represented on the board (see Figure 4).
The core mechanic revolves around resolving challenges drawn from key SDG 11 themes:
housing, public transportation, green spaces, and environmental impact, through the strategic
use of action cards. These pared with problem cards, both color-coded and categorized by SDG
targets (Figures 2 and 3).
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Figure 2. Examples of action cards categorized by targets
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Figure 3. Examples of problem cards categorized by targets

Each team progresses by justifying their chosen actions to solve the assigned problems. They
progress on the board. Funding, simulated by two dice, is allocated randomly based on island
and target categories, representing the unpredictability of public budgeting. The board shows 4
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themed paths, one for each target, on all the islands (Figures 4 and 5). This allows players to
track their process in the game. These paths also show the amount of payment they need to do
(1, 2, or 3 money tokens) to be able to implement their solution for the problems (Figure 4).
Cross-category action cards may be used, but an added cost and with group approval.

The teacher plays a facilitative rather than authoritative role. They introduce the game, clarify
rules, and provide guidance if needed. However, gameplay and discussion are led entirely by
students, fostering autonomy and peer learning. Post-game debriefs are used to reflect on
learning outcomes and strategy.

low
environmental
impact

[ Waste Management ] [ Infrastructure ] [ Liveability ] [ New Builds ]
v v v
[ Air Quality ] [ Sustainability ] [ Safety ] [ Inclusivity
¥ [7 v v
( NoisePollution | [ Affordability | [ Affordability | | Safety )

Figure 5. Different levels for each target

Digital Adaptation (Version B)

To simulate the collaborative and decision-oriented nature of a future Al-powered installation,
a streamlined digital version of the game (Version B) was developed using Miro, a cloud-based
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collaborative platform. Unlike the board game, Version B focuses exclusively on problem-
solving and dialogue, eliminating the competitive element to prioritize cooperative learning.

Each team received a randomized problem card and all available action cards (Figure 6). Players
collaborated in breakout rooms for five minutes to devise a solution using three action cards.
Once reconvened in the main session, each group presented and justified their proposed
solution. Other teams responded using emojis (thumbs-up or X) to simulate peer approval,
mirroring the social validation process built into Version A.

This format was particularly effective for encouraging real-time discussion and peer critique,
reflecting how such a system might operate in a digitally augmented public space.

PROBLEM CARDS -

GROUP 1

SOLVED PROBLEMS ] [— [

PUT YOUR USED CARDS HERE

__ PROBLEM PROPOSE YOUR SOLUTIONS HERE

Figure 6. Game setting for the group 1 in Version B

Participants, Sampling, and Ethical Considerations

Participants were recruited through convenience sampling across three different educational

settings, ensuring diversity in academic background, institutional context, and exposure to
sustainability concepts:

e Group 1 (Focus Group): Four graduate students and recent graduates from
interdisciplinary backgrounds at Concordia University.

e Group 2 (In-Person Undergraduate Class): Twelve undergraduate students enrolled in
the “Sustainability in Design: History and Theory” course at Concordia University.
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e Group 3 (Online Class): Eleven undergraduate students from Isik University’s “Living
Tomorrow: Smart Buildings” course.

All student participants had prior exposure to sustainable education through course lectures,
ensuring a foundational understanding for gameplay evaluation. Only some of the participants
in Group 1 did not have any educational knowledge on sustainability.

The research protocol followed standard ethical guidelines for educational research.

Participants were informed of the purpose and voluntary nature of the study and gave written
or verbal consent to participate. No identifying information was collected, and responses were
anonymized during analysis.

Evaluation Tools, Experiment Setup, and Evaluation Process

Data collection involved both quantitative and qualitative methods:

e Pre-game survey evaluated baseline understanding of sustainability and SDG 11.

e Post-game survey (Figure 7) included 5-point Likert-scale items and open-ended
guestions across four categories: (1) gameplay experience, (2) sustainability knowledge,
(3) attitudes and awareness, and (4) interaction, engagement, and dialogue.

e Observational data (notes during gameplay and debriefs) provided contextual insights
into team dynamics, rule comprehension, and emergent behavior.

Surveys were adapted from Scurati et al. (2023) and tailored to reflect the learning goals of
each game version. Both quantitative (5-point Likert scale) and qualitative (open-ended
responses) data were collected. The data provided insights into the game’s usability,
educational value, and ability to promote discussion and systems thinking. No participants
repeated the game, ensuring unbiased first impressions.

1) GAMING EXPERIENCE]

How was your experience?

1. Playing the game was fun.

2. The aim of the game and rules were
clear.

3. It was easy to stay engaged
throughout the game.

4. If given the chance, | would play the
game again.

After playing the game I think that...
1. I know more facts regarding the
possible sustainability implications of
city management.

2. | know more concepts related to
sustainable development targets for
the built environment.

3.lam aware there are diverse
sustainable solutions for the built
environment.

4.1 grasp a more comprehensive
concept of sustainable development
in the built environment.

Figure 7. Post-game questionnaire

Results

3) ATTITUDES & AWARENESS]

After playing the game [ think that...
1.1am inspired to reflect sustainability
in my daily life.

2. | feel that there is a strong need to
prioritize a city's environmental and
social aspects.

3. | become more concerned about
sustainability aspects and the possible
consequences of human activities.

4. If I imagine my role as a citizen, | am
more committed to taking action to
improve the environmental and social
impact of the city I'm living.

4) INTERACTION, DISCUSSION &
INTER

After playing the game I think that...
1.1 am inspired to reflect sustainability
in my daily life.

2. | feel that there is a strong need to
prioritize a city's environmental and
sacial aspects.

3. | become more concerned about
sustainability aspects and the possible
consequences of human activities.

4. | would like to have the chance to
discuss sustainability with other
people.

Focus Group Evaluation (Version A — Group 1)

A preliminary focus group was conducted on July 14, 2023, at Concordia University to test the
first iteration of the Next-Gen Islands board game. The group included four participants: two
graduate students from architecture and two from unrelated disciplines. This session aimed to
identify usability challenges, gauge initial reactions, and inform refinements for the next
iteration.
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The setup balanced facilitation and observation: one researcher introduced the rules while
participating in gameplay, and another took notes and posed reflective questions. This dual
approach allowed for deep insight into player behavior and cognitive engagement.

Participants appreciated the discussion-based nature of the game, particularly open-ended
action cards that prompted collaboration and debate. However, they also found the mechanics
overly complex.

Key issues included:

e Lack of clarity in rules and card functions
e Difficulty tracking progress without visual clues
e Confusion over uncategorized cards and game flow

Constructive suggestions included:

e Color-coded instruction cards for each SDG target

e Improved visual hierarchy on the board

e Enhanced illustrations and iconography

e More structured approval rules for gameplay decisions

This feedback directly informed the design of Version A.2, demonstrating the value of
participatory input in refining educational tools. The group confirmed the game’s potential for
promoting reflective thinking but highlighted the need for streamlining to reduce cognitive
overload, which is a key insight that shaped later versions.

In-Person Playtest and Survey Results (Version A.2 — Group 2)

The second iteration of the board game was tested during the ninth week of the undergrad
course “Sustainability in Design: History and Theory” at Concordia University. Twelve students
participated after completing eight weeks of related coursework, providing a sound foundation
for engaging with the game’s content.

To evaluate the playtest, a mixed-methods approach was employed, combining quantitative
data from Likert-scale questions with qualitative feedback from open-ended responses. This
analysis method was chosen to provide a comprehensive understanding of participant
experiences: the Likert scale items (rated on a 5-point scale from 1 = Strongly Disagree to 5 =
Strongly Agree) offered measurable indicators of agreement across key dimensions such as
enjoyment, engagement, and clarity, while the qualitative comments provided contextual
depth, explanations, and nuances that helped interpret the numerical scores. For instance,
neutral Likert ratings (e.g. 3 = Neither Agree nor Disagree) could be clarified or contextualized
by participants’ descriptive feedback, revealing underlying positives or suggestions that might
not be captured in averages alone. Descriptive statistics (e.g., means and distributions) were
calculated for the Likert items, and qualitative data were thematically analyzed by identifying
recurring patterns, such as specific praises or recommendations, to triangulate findings and
ensure robust conclusions. This integration allowed for a more balanced assessment, avoiding
overreliance on quantitative data where participant elaboration could refine interpretations.
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Post-game survey results (Figure 8) showed varied responses on the Likert-scale items. For
guestions related to enjoyment and engagement (Category-1: Q1, Q3, Q4), 7 participants out of
12 rated 4-agree, with a notable proportion of “5” ratings indicating neutral positions for some
participants. However, when supported by qualitative feedback, these results suggested that
participants generally found the game enjoyable and engaging, particularly in terms of
collaborative gameplay and group interaction, though not uniformly “highly” so, as the neutral
scores reflect areas for improvement. For example, several students described the game as
“fun and interactive” in their open-ended responses, emphasizing how group discussions
“sparked interesting conversations” and “made sustainability feel more relatable,” which
contextualized some neutral ratings as stemming from initial confusion rather than disinterest.
In contrast, the clarity of the rules (Category-1: Q2) received lower scores (4 people rating 2-
disagree), with qualitative comments consistently highlighting that the initial explanation was
insufficient. Participants recommended providing printed rule sheets for reference during play,
noting that this would address early frustrations. That said, many appreciated the verbal
guidance offered during the first round, which helped them grasp the mechanics more
effectively in real-time and contributed to positive engagement once underway. Additional
suggestions included incorporating a greater number of problem cards to deepen educational
value and provide more opportunities for critical engagement, while introducing empty
problem cards later in the game to avoid overwhelming players early on.

In terms of knowledge acquisition (Category 2: Q1), Likert scores were moderately positive,
with students reporting they did not learn entirely new sustainability concepts but gained
greater awareness of the diversity and the complexity of potential solutions related to
sustainable urban development. Qualitative responses reinforced this, with many highlighting
that the clearly labeled keywords on the action cards helped connect specific strategies to
broader sustainability goals. This indicates the game served effectively as a reinforcement and
application tool rather than an introducer of novel content, aligning with its design intent.

Responses concerning sustainability awareness and attitudes (Category-3: Q2) were largely
neutral on the Likert scale, which was anticipated given that most students played the game
only once. Nonetheless, qualitative feedback emphasized reinforcement of understanding in
environmental and social dimensions of sustainable cities, with some participants reporting
renewed motivation to take action in their communities, citing both course content and the
game as catalysts. Notably, several pointed to a desire to contribute to a livable future for
coming generations as their primary inspiration.

Finally, feedback on interaction, discussion, and interest (Category-4: Q1 and Q2), although
showed lower Likert scores, supported by positive qualitative descriptions of the game as a
useful medium for practicing communication and collaborative reasoning. While some
participants noted in comments that the problem-solving aspect felt somewhat limited due to
the straightforward nature of the action cards (Category-4: Q3), they still valued the structured
debate opportunities. Several expressed that the game encouraged deeper thinking about
sustainability and inspired conversations beyond the classroom, recommending more real-
world examples and emphasis on peer collaboration to enhance dynamism.
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LikertScale 1M 28 3 4 ] |

(1) Gaming Experience (2) Sustainability Knowledge

Q-1 Q-1 [
Playing the game was fun. I know more facts regarding the possible sustainability implications
of city management.
o2 [N ]
The aim of the game and rules were clear. Q'2 .
| know more concepts related to sustainable development targets
Q-3 . for the built environment,
It was easy to stay engaged throughout the game. Q-3 .
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If given the chance, | would play the game again. environment.
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| grasp a more comprehensive concept of sustainable development
in the built environment.
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possible consequences of human activities. possible consequences of human activities.

Q-4 [ Q-4
If I imagine my role as a citizen, | am more committed to taking

action to improve the environmental and social impact of the city
I'm living.

I would like to have the chance to discuss sustainability with other
people.

Figure 8. Group 2 post-game survey answers for all categories

During the session, observations aligned with survey findings: students understood the game
mechanics more effectively through active participation rather than pre-game explanations
alone. This underscored the need for simpler, more concise rule presentation to reduce initial
confusion and support smoother gameplay. An integrated “how to play” guide that initiates the
game and walks players through the first steps could significantly improve understanding and
ease the learning curve. Despite these challenges, students showed strong interest, engaging
enthusiastically in discussions, exchanging ideas, sharing humor, and asking thoughtful follow-
up questions.

Based on these integrated insights, particularly the neutral-to-positive Likert trends
contextualized by qualitative recommendations regarding complexity, Version B was developed
with a focus on collaborative problem-solving, streamlining mechanics for better accessibility
engagement.

Survey Results (Version B — Group 3)

The third workshop was conducted with undergraduate students from Isik University’s Interior
Architecture and Environmental Design Department, as part of the elective course, “Living
Tomorrow: Smart Buildings.” Taking place in the sixth week of the course, after five weeks of
sustainability-focused lectures, the workshop assessed the educational and interactive
potential of Version B, the digital adaptation of the board game. Eleven students participated
via Miro, an online collaborative platform. One researcher guided setup and briefly explained
rules before play began. Each participant completed both pre- and post-game surveys to
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evaluate learning, interaction, and overall experience. The same mixed-methods analysis was
applied in this game-play and survey as well, integrating quantitative Likert-scale data with
qualitative open-ended responses.

Post-game results (Figure 9) revealed generally positive Likert trends. For enjoyment and ease
of understanding (Category 1: Q1, Q3), scores were high, most responses in the 4-5 range.
Qualitative feedback aligned strongly, with participants describing the game as “fun” and
“engaging,” and several expressing eagerness to replay it (Category 1: Q4). The streamlined
digital format and clear objectives were frequently praised in comments, supporting the
conclusion that participants broadly found the game highly enjoyable and engaging, despite
occasional neutral scores reflecting individual variability. Some suggested enhancements such
as “bonus actions” or surprise elements to further boost dynamism.

On the sustainability knowledge, the Likert responses were neutral to positive, with participants
reporting exposure to new concepts and a wider array of sustainable city management
strategies. Open-ended answers reinforced that the action cards were identified as particularly
effective tools for learning, due to their clarity and the way they presented concrete, actionable
solutions. Students noted that the cards not only introduced them to unfamiliar approaches but
also facilitated productive group discussions, making complex topics more accessible.

For sustainability awareness and attitudes, Likert agreement was neutral to strong, with most
participants agreeing the game prompted deeper reflection on environmental issues and
personal agency. Qualitative responses consistently cited a desire to help create a livable world
for future generations as a core motivator for behavioral change, adding emotional depth to
the numerical trends.

Interaction and engagement received strong endorsement, with qualitative data emphasizing
playful yet substantive dialogue, critical thinking, and communication practice in a collaborative
setting (Category 4: Q1, Q2, Q3). Participants frequently stated the game motivated
sustainability conversations beyond class (Category 4: Q4) and saw potential for civic
applications. Suggestions included integrating similar mechanics into community events,
seminars, or online forums to sustain dialogue.
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Figure 9. Group 3 post-game survey results for all categories

Overall, the integrated analysis confirms that Version B’s simplified structure, particularly the
focused set of action cards, reduced cognitive load, enhanced accessibility, and supported
meaningful engagement. The digital format proved intuitive and educationally effective,
validating its design for a public-facing installation aimed at fostering informal learning and civic
discourse on urban sustainability.

Third Iteration: Toward a Digital Game Installation for Public Engagement

The findings from the focus group and two pilot workshops provided valuable insights into how
serious game design can be optimized for sustainability education in informal learning settings.
A key takeaway from all test groups was the importance of simplifying gameplay mechanics
without diminishing the depth of discussion. Participants consistently responded positively to
collaborate decision-making, especially when problem-solving tasks were clearly framed and
manageable within short timeframes. These findings directly influenced the design of the
upcoming digital installation, “Next-Gen Montreal,” which is intended for public interaction in
urban spaces.

The installation draws inspiration from water pollution and the urgent need to act on it.
Therefore, the digital screen flows as a river, when played by many users, it is clean and
colorings are natural greens and blues, but when it’s not being played for a while, the river
becomes desolated, creating abstract unnatural forms and turning into red (Figure 10).
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Given the transient nature of public engagement with installations, where most individuals
spend only a few minutes, the digital version is intentionally streamlined. Instead of involving
complex mechanics, it focuses on a single core interaction: players choose a category aligned
with SDG 11 (e.g., housing, transportation, etc.), are presented with a contextual problem, and
then select two of three possible solutions (Figure 10). Because none of the options are strictly
“correct” or “incorrect,” this structure encourages players to prioritize values and trade-offs
based on their understanding and preferences. This design draws on pedagogical principles
from constructivist and experiential learning theories, which emphasize the learner’s role in
making meaning through active choice and reflection (Kolb, 2014). Projectors reflect the
screen on the curved surface and motion sensors offer touchless interaction. There’s a time
constraint, represented by the answers sliding down the screen indicating the time will be up.
To enhance engagement and reinforce impact, the game generates a visual outcome: an Al-
produced image representing the cumulative effects of the selected solutions. The result is then
plotted on a digital map of Montreal as a symbolic “citizen contribution,” visually accumulating
collective input and reinforcing the idea of shared responsibility in shaping sustainable cities.
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Figure 10. Initial idea sketches for the digital game installation

Importantly, this design evolution was not only driven by usability but also by educational
considerations. The analog game trials revealed that while students valued the collaborative
experience, many encountered barriers due to rule complexity, dense mechanics, or unclear
instructions, particularly in early rounds. These barriers risk detracting from the core
educational goals. Streamlining the interface as gameplay for the digital version directly
addresses this issue, while still promoting systems thinking, a critical learning outcome in
sustainability education (Gatti et al., 2019).
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Moreover, while participants reported increased awareness and motivation, the evaluation
relied primarily on self-reported perceptions, which introduces limitations. The possibility of
novelty effects, self-selection bias, and limited exposure time must be acknowledged. Future
evaluations of the digital game will need to incorporate triangulated data, combining
gualitative interviews with performance-based measures or longitudinal tracking to assess
changes in attitudes or behavior overtime.

The development process for Next-Gen Montreal continues to follow a Research through
Design approach, enabling iterative prototyping, user testing, and refinement. The first
prototype for the digital game has been developed. The user interface is shown in Figure 11. A
clear road map that outlines internal testing, student trials, public presentation, and repeated
revisions based on user feedback is also designed (Table 1). Semi-structured interviews and
post-game surveys will be used in the next testing phases to generate richer evaluated data,
particularly regarding how users interpret the visual outputs and how the game influences their
understanding of sustainability in urban contexts.

By grounding design decisions in empirical insights and educational theory, the Next-Gen
Montreal project moves beyond mere gamification to offer critical, participatory tool for
sustainability learning in the public realm. The approach reflects a growing recognition that
learning does not occur only with informal institutions but also through meaningful, interactive
experiences in everyday environments.

0000

Transportation Public Space Env. Impact

Safe Neighborhoods
Crime rates, including theft and harassment, have significantly increased in the city, causing
residents to feel unsafe, especially during evening hours.

Install more streetlights and improve lighting in poorly lit areas across the city.

Restrict access to parks and secluded areas after dark to deter criminal activity.

Assign dedicated police patrols to high-crime areas during peak hours.

Figure 11. First prototype of the Next-Gen Montreal digital game

Interactive Narration for the Public Installation

The digital installation operates in an engaging, gesture-driven sequence designed to draw
passerby into collaborative sustainable challenges.
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1. Stand-by Mode: A dynamic river graphic flows in the background, overlaid with a
Montreal Island map. Progress bars track advancement across key urban categories
(housing, urban space, transportation, waste). An inviting prompt appears, such as “Join
the challenge to make Montreal more sustainable!” or “Would you like to contribute to
a greener Montreal?”

2. Player Approach: Upon detection, the prompt transitions to a welcoming message, such
as “Welcome to Next Gen Montreal! Select a category to improve.” Users choose via
hand gesture.

3. Gameplay Cycle:

A sustainability problem appears on-screen.

e Three solution cards emerge after a brief pause; multiple selections are allowed,

including one intentionally tricky option.

A countdown begins as cards slide downward.

Players discuss, decide, and select solutions by pointing.

Chosen cards ascend; a generative image visualizes the outcome.

Continuation or Completion:

Players are asked to continue (yes/no via gesture).

No: The image shrinks into a colored pin (category-specific) and is placed on the map,

accumulating with prior solutions to show collective progress.

e Yes: A new problem appears, and the cycle repeats.

O:b’.

This loop ensures intuitive, discussion-rich interaction while progressively mapping user-driven
improvements across the city.

Materials

A significant challenge is presented by the development of a sustainable and energy-efficient
digital media installation, due primarily to the substantial energy consumption inherent in the
required technology. The question of how an energy-efficient digital media installation could be
created was thus prompted. Collaboration was therefore engaged with Negarsadat Rahimi,
whose work focuses on environmentally adaptive and energy-efficient eco-facade applications
through parametric architecture. A parametric architectural shell was designed in partnership,
incorporating sustainable materials to ensure environmental adaptivity and energy efficiency.

Practical Applications of the Project
The project provides actionable pathways for sustainability education and civic discourse on

environmental challenges. Its flexible, interactive format supports deployment across diverse
settings, such as:

e Community engagement: Localized content enables reflection and collective action on
region-specific issues.

e Civic interface: Integration with public datasets (e.g., Montreal’s open data) and user
input creates bidirectional communication between residents and urban systems.

e Data visualization: User choices are aggregated into a living archive that maps evolving
community priorities.

e Educational tool: The analog board game serves classrooms, libraries, and museumes,
rendering complex sustainability concepts accessible and engaging.

159



Design and Technology Education: An International Journal

Path to Implementation

Immediate steps toward realizing the Next-Gen Montreal installation are outlined in Table 1.
Analog and digital prototypes were created to test educational efficacy and interaction
mechanics. Developed via participatory design, these prototypes replicate the third iteration’s
core logic, allowing collaborative problem-solving, negotiation, and outcome reflection. This
low-fidelity approach enabled iterative refinement of mechanics and content prior to digital
translation. Currently the study is on the second step: Developing the Demo Algorithm.

Table 1. Initial research design for the digital game and installation

1 | Creating a Sample Database | Developing a database for the algorithm that includes
themes, problems, solutions, results, result images, and
associated impact metrics.

2 | Developing the Demo Implementing a demo algorithm with a sample set of 10
Algorithm problems to test functionality and mechanics.
3 | Initial Testing Conducting preliminary testing of the game with the

developer and researchers to ensure the core mechanics
work as intended.

4 | Student Testing Testing the game with students at Concordia University to
gather initial feedback and assess gameplay by conducting
post-game survey and semi-structured interviews.

5 | Presentation Presenting the demo game at Concordia University to
engage a broader audience and collect additional
feedback.

6 | Second Iteration Refining the game based on the feedback collected from
testing and presentations.

7 | Repeat Testing Conducting another round of testing to evaluate the
updated version.

8 | Further Iterations (if Repeating the process of testing and refinement as

needed) necessary to achieve the desired level of interactivity,

engagement, and educational value.

A conceptual framework has been presented for Al-augmented, eco-didactic installations that
advance public sustainability learning. The integration of Artificial Intelligence, interactivity, and
experiential learning is positioned as a potent mechanism for heightening environmental
awareness and catalyzing behavioral shifts.

Spatial and social dynamics are equally emphasized: meaningful interaction emerges from the
interplay of users, environment, and content. Place-based design that promotes dialogue,
reciprocity, and aesthetic appeal, while upholding transparency, safety, and privacy, potentially
transforms public spaces into inclusive arenas for environmental learning.

Ultimately, this foundation underpins installations like Next-Gen Montreal: playful, visually
striking, pedagogically robust, and socially impactful. As Al integrates further into daily life, its
strategic use for eco-didactic ends offers a timely lever for sustainable urban futures.
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Discussion

The third iteration, Next-Gen Montreal, marks the transition from tabletop prototyping to a
public-facing, Al-augmented digital installation. Deployed as an interactive eco-didactic
interface, it synthesizes insights from prior analog playtests into a scalable, gesture-driven
experience embedded in urban space.

e Educational and Engagement Outcomes: Quantitative and qualitative data confirm that
the streamlined digital mechanics, limited action cards, clear objectives, and real-time
feedback, significantly enhanced accessibility and enjoyment. Likert scores and
comments highlighted the intuitive flow and discussion-rich gameplay. The digital
format preserved the collaborative essence of earlier versions while reducing cognitive
barriers, enabling broader participation across skill levels.

e Al Integration and Adaptive Learning: Generative Al was employed to visualize solution
outcomes dynamically, transforming abstract decisions into vivid, context-specific
imagery. This not implemented only for reinforced learning but also to evoke emotional
investment, for participants to visualize “future city” scenarios as motivators for
sustained engagement. Adaptive difficulty scaling, informed by playtest observations,
ensured challenges remained appropriately paced, preventing the early round
overwhelm noted in Version A.2.

e Public Space Activation: Potentially will be positioned in high-traffic civic areas, the
installation functions as both spectacle and dialogue catalyst. The stand-by river
animation and evolving progress pins create a persistent visual narrative of collective
impact, inviting spontaneous participation. Gesture-based interaction eliminates
onboarding friction, while the accumulating map of user contributions fosters a sense of
shared stewardship, transforming passive observation into active co-creation.

e Sustainability of the Medium: Energy efficiency was addressed through proposing the
use of sustainable materials, minimizing environmental footprint without compromising
interactivity.

e Limitations and Future Directions: While the digital prototype works on paper, it is yet
remain untested. Longitudinal data on repeat engagement and behavioral influence are
also absent. Future iterations will incorporate live integration with Montreal’s open data
APls, enabling real-time reflection of municipal sustainability metrics. Multi-lingual
support and accessibility features (e.g., audio descriptions, seated interaction zones) are
planned to broaden inclusivity.

In conclusion, the third iteration successfully scales participatory sustainability learning into
public space. By merging refined game mechanics, Al-driven visualization, and environmentally
adaptive design, Next-Gen Montreal installation proposal demonstrates that digital installations
potentially can be simultaneously playful, pedagogically rigorous, and ecologically
conscientious, offering a replicable model for cities worldwide.

Conclusion and Future Works

This study explored the potential of serious games as tools for enhancing awareness and
understanding of sustainable development in the built environment. Through a Research
through Design methodology, the project examined how interactive, problem-solving game
mechanics and collaborative discussions can support learning in both formal educational
settings and public spaces. The development and testing of two game versions, an analog board
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game and a digital problem-solving variant, revealed that participants were most engaged
when gameplay emphasize dialogue, decision-making, and teamwork. These findings reinforce
existing research on game-based learning, which suggests that active, participatory experiences
are especially effective for complex topics such as sustainability.

The feedback collected from focus groups and classroom pilot tests informed the initial design
of Next-Gen Montreal, an Al-augmented digital game installation tailored for public
environments. The simplified mechanics and value-driven choices in the digital version were
designed in response to usability challenges observed in earlier iterations. These changes aim to
ensure that the installation remains intuitive, accessible, and engaging, even for casual
passerby with limited time. By transforming abstract sustainability concepts into interactive,
tangible experiences, the project contributes to ongoing efforts to make sustainability
education more inclusive and impactful.

The study’s core knowledge contribution lies in articulating evidence-based design principles,
clarity through constraint, learning through co-creation, and engagement via adaptive
visualization, grounded in structured user data rather than speculative innovation. While prior
work addresses serious games in controlled environments, this research provides empirical
validation for Al-mediated, place-based learning in transient public settings, offering a
replicable model for eco-didactic systems.

At the same time, the study acknowledges several limitations. The evaluation relied primarily
on self-reported data from short-term gameplay sessions, which may be influenced by novelty
effects or participant enthusiasm. The learning outcomes were not triangulated with
performance-based assessments or long-term behavioral indicators, as the primary objective at
this stage was to design and test the board games as exploratory tools for evaluating didactic
potential. This intentional focus limits the ability to draw conclusions about long-term
knowledge retention or sustained behavioral change for the board games. While student
feedback provided valuable insights into engagement and comprehension, the sample was
intentionally limited in scope. Broader demographic testing was not conducted, as the primary
goal was to assess the board games’ didactic elements to inform the development of the Al-
augmented digital version.

Looking ahead, the first Next-Gen Montreal prototype is being deployed in a campus public
space for field testing with diverse users. Further research will explore opportunities for
integrating the installation into civic spaces, museum and educational campaigns.
Collaborations with municipal agencies, cultural institutions, and educational organizations will
be pursued to scale the platform and evaluate its potential as a tool for public communication,
participatory planning, and sustainability advocacy.

Through its iterative, user-centred design and empirical grounding, this study contributes to the
growing body of work demonstrating that serious games, when critically designed and
contextually situated, can potentially serve as powerful mediums for sustainability education
and civic engagement.
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Design Thinking in educational publications: A
document analysis of books issued by Turkish Public
Institutions and implications for the Technology and
Design course ™

Ahsen Oztiirk, Kiitahya Dumlupinar University, Tiirkiye

Abstract

This research aims to investigate how the design thinking (DT) approach in education is
defined and implemented in related books published by public institutions in Turkiye. The
document analysis method, a qualitative research method, was used for data collection and
analysis. Seven books published by the Republic of Tlrkiye Ministry of National Education
(MONE) and the Scientific and Technological Research Council of Tiirkiye (TUBITAK) were
selected as the data. Findings indicate that DT is perceived as a human-centered and
interdisciplinary problem-solving process that requires a set of skills and mindsets and
incorporates some values associated with 21st-century skills. In the books, the matter of
how to develop a designer’s mindset and skills in non-designers — teachers and students —is
generally overlooked or under-emphasized. Therefore, the DT approach in education is not
comprehended and practiced as a holistic approach that requires the interaction between
relevant processes, mindsets, and tools. Considering the findings, incorporating the human-
centered, experimental, and collaborative characteristics of the DT approach into the
educational culture or teaching method can help teachers and students to adopt DT as a
holistic approach rather than just a problem-solving process. The DT approach can also be
employed as a tool to establish a context for technology teaching or integration. In line with
this, some strategies are proposed to strengthen the integration of the DT approach within
Technology and Design education. This research is considered significant in terms of
providing teachers with a perspective on the DT approach and how it is integrated into
Technology and Design education.

Keywords
Design thinking, Design thinking in Turkiye, Design thinking in K-12 education, Design
thinking for educators, Design thinking in Technology and Design Education

" This article was produced from the study titled “What Does Design Thinking Mean in
Turkey? Analysis of DT-related Books Published by Public Institutions”, which was presented
as an extended abstract at EDUCONGRESS 2022 (International Education Congress) on
18.11.2022.
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Introduction

Design thinking (DT), an interdisciplinary, iterative, and human-centered problem-solving
approach, is utilized for multiple purposes in education, such as curriculum design, learning
environment design, and improving students’ skills (Oztiirk, & Korkut, 2022).

The use of DT in K-12 education has recently gained popularity in Tlrkiye. In the 2023
education vision report of the Tirkiye Ministry of National Education (MONE), the statement
on the establishment of “Design Skill Workshops” (named “Tasarim Beceri Atélyeleri” in
Turkish) in all educational institutions draws attention. These workshops aim to provide DT
and STEM/STEAM education (Turkiye’s Education Vision 2023 report, n.d.). Furthermore,
under the framework of the National Technology Initiative in Tlrkiye, cooperation has been
made to establish the “Experimental Technology Workshops” (named “Deneyap Teknoloji
Atolyeleri” in Turkish) in 81 cities. The Design and Production course to be given in these
workshops intends to educate the students within the framework of the DT approach
(Deneyap, n.d.). Books were also published through MONE to disseminate the DT approach
in national education and to support STEM and STEAM education (Karatas et al., 2021; Aksoy
et al., 2020). Additionally, while the literature predominantly comprises various systematic
literature reviews, bibliometric analyses, and extensive research and applications on articles
related to the DT approach (Lin et al., 2025; Li, & Zhan, 2022), there is a dearth of
publications providing comparative analyses or reviews of DT books.

This research investigates how the DT approach in education is defined and implemented in
the books published by Turkish public institutions. The purpose of this paper is to compare
and evaluate the books on DT published by public institutions in Tirkiye to gain an
understanding of the DT approach and how it is applied. This research addresses a notable
deficiency in academic literature by carefully analyzing and contrasting various DT books.
This paper is also considered significant in terms of providing a perspective on the DT
approach and how it can be integrated into Technology and Design education.

Design Thinking Approach

Design thinking (DT) is a holistic approach that stresses the collaborative, human-centered,
and experimental problem-solving process (Guha et al., 2017) and offers a wide range of
tools and strategies to handle wicked problems (Peng, 2022). In education, the DT approach
is used to redesign the school system, facilitate teachers’ collaboration on curriculum
creation, and solve school-related problems (Diefenthaler, 2017). Mindsets of the DT
approach help students acquire 21st-century skills' (Goldman et al., 2017).

1 21st-century skills are:

Learning and Innovation Skills (4Cs): Critical Thinking & Problem Solving; Communication &
Collaboration; Creativity & Innovation.

Information, Media and Technology Skills: Information Literacy; Media Literacy; ICT Literacy.
Life and Career Skills: Flexibility & Adaptability; Initiative & Self-Direction; Social & Cross-
Cultural Skills; Productivity & Accountability; Leadership & Responsibility (The P21
Framework for 21st Century Learning, 2009).
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The literature states that the DT approach is utilized as an iterative problem-solving process
that includes multiple methods, principles, and tools for dealing with wicked problems (what
designers do) (Peng, 2022; Kimbell, 2011) that entails a range of skills (what designers know;
their skills) (Lin et al., 2025; Kimbell, 2011) and ways of thinking (how designers approach
and comprehend the task; their mindsets) (Diefenthaler, 2017; Kimbell, 2011). Accordingly,
the DT can be practiced in four different ways (Gerken, 2022):

e Tool (ways of creating an artifact): DT as an approach is used to generate artifacts
due to its methods and techniques (using brainstorming as a single tool, for
example).

e Process (ways of working): DT is an organized, non-linear problem-solving activity
that identifies users’ needs, frames the problem, and develops user-centered
solutions. To manage complicated issues at this level, tools at the relevant stages and
particular skills (collaboration, self-reflection, etc.) are utilized collectively during the
problem-solving process.

e Mindset (ways of approaching the task): DT is used as a way of thinking, where
experiencing the DT process with its tools cultivates mental representations and
leads to adopting the DT mindset.

e Holistic approach (includes all the mentioned above): DT is a comprehensive, holistic
approach that comprises all relevant processes, mindsets, and tools. These
components are interconnected and affect each other in the problem-solving
process.

This paper discusses the five stages of the Stanford University d.school’s DT approach (Figure
1) due to its widespread use in the Turkish setting (Kaygan et al., 2025a; Aksoy et al., 2020).
Accordingly, the Empathize stage entails developing empathy with users to uncover their
wants and desires. The Define stage includes identifying the problem or challenge by
synthesizing the acquired data. The Ideate stage requires brainstorming potential solutions
to the defined design problem. Prototype and Test stages involve prototyping several
concepts and arriving at a final design through iterative testing and user feedback (“Design
Thinking Bootleg” n.d.).

Figure 1: The Stanford d.school’s DT Approach (“Design Thinking Bootleg” n.d.)

The literature identifies three DT approaches commonly used in the field of education
(Oztiirk, & Korkut, 2022) (Table 1): Stanford d.school’s (“Design Thinking Bootleg” n.d.), HPI’s
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(HPI, n.d.), and IDEQ’s (IDEO, 2012) DT approaches. Table 1 presents stages with similar
functions, but some with different names, in the same column. Accordingly, two HPI stages
correspond to IDEQ’s Discovery and d.school’s Empathize stages. The Experimentation stage
of IDEO encompasses both the Prototype and Test stages. The Evolution stage is distinctive
to IDEO, where the progress of the concept is documented based on stated success criteria,
and additional steps are planned to produce the actual product with high precision.

The literature can describe DT mindsets as DT characteristics or attributes of design thinkers
(Gerken, 2022). Human-centered and collaborative, for instance, are defined as both
characteristics (Guha et al., 2017) and mindsets of the DT approach (IDEO, 2012). Although
many mindsets are identified in the literature, Table 1 describes those highlighted in these
three DT approaches. Accordingly, shared characteristics/mindsets of these DT approaches
can be found around the following: human-centered/empathy?, collaboration, and

experimentation.

Table 1. A comparison of the stages of Stanford d.school, HPI, and IDEO design thinking
approaches and a description of the mindsets they adopted

Note: The color red denotes shared mindsets discovered in all DT approaches

Source. Based on Oztiirk and Korkut’s “A comparison of d.school, HPI, and IDEO DT

approaches” (2022), with the addition of DT mindsets.

/[-:‘\;proach Stages of Design Thinking DT Mindsets Description of Mindsets
Focus on human -Focus on human values (Think
values & Act in a human-centered
Stanford Radical way/Human-centered):  Focus
d.school’s collaboration on users’ needs/desires through
DT Embrace developing empathy.
al!)pro'ach Empathize Define Ideate  Prototype  Test experimentation -Radical collaboration
(“Design Be mindful of (Collaborate in diverse teams
Thinking process /Collaborative):  Collaborate
Bootleg” Craft clarity with people from diverse
n.d.) Bias towards action  backgrounds/experiences  to
Show don’t tell comprehend/solve the problem.
-Embrace experimentation?
(Learn through experimentation
Think & Actin a /Experimental): Prototype to
human-centered learn through failures/mistakes
way and iterate to improve the
Collaborate in concept.
diverse teams -Be Mindful of Process: Use the
HPI's DT Learn through ZT {approach to gu:ﬁe youin the
; : ) esign process, where you are,
Tﬁs[orif:) Understand  Observe Pc?iift”;‘:\t/};:w Ideate Prototype  Test Eﬁsiefsrigrr]\ean::zii;ly what you aim to achieve, and

new future
(Optimistic)
Explore the
problem space
Embrace
uncertainty

what you need to do next.
-Craft clarity: Express your idea
clearly/simply so that others can
easily comprehend the
concepts.

-Bias towards action: To turn
your idea into reality, focus on

2 The IDEO toolkits (IDEO, 2012; The Field Guide to Human-Centered Design, 2015) use the

terms “human-centered” and “empathy” interchangeably.

3 This mindset can be expressed as the combination of “Learn from failure” and “Iterate”
mindsets (The Field Guide to Human-Centered Design, 2015).
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action rather than talking or
thinking.

-Show don’t tell: Communicate
your ideas through creating
prototypes.

-Envision a radically new future
(Optimistic): Be resilient, have

IDEQ’s DT faith to solve problems, and
Human-centered . . . X

approach Collaborative imagine new things/ideas.

(IDEO, Discovery Interpretation  Ideation Experimentation Evolution -Explore the problem space:

Experimental

2012) Optimistic

Adopt a holistic thinking
approach to investigate the
problem from multiple
perspectives/experiences.
-Embrace uncertainty: Embrace
complexity and tolerate
uncertainty/ambiguity when
dealing with unforeseen
challenges.

In this paper, it may be helpful to distinguish between “design thinking” and “design as a
problem-solving process”, that is, the design process. The phrase “design as a problem-
solving process” can be defined as the process of iteratively and systematically solving
problems to transform or solve an existing situation or problem into a desired one or
tangible design (Sameti, Koslow, & Mashhady, 2022; Aspelund, 2017). The meaning of the
word “product” can also vary from discipline to discipline; it can refer to tangible, digital,
system, or service products. While the stages may vary depending on the type of product
being developed (Ulrich, Eppinger, & Yang, 2019), “design as a problem-solving process” may
include the following stages:

e Defining the Problem: Examining the current situation, environmental concerns, and
user needs; and determining or refining the problem to be solved (Ulrich, Eppinger, &
Yang, 2019; Aspelund, 2017).

e Analysis: Detailed examination of the causes/context of the problem, identification of
user needs/constraints (Ulrich, Eppinger, & Yang, 2019).

e [deation: Developing different concepts and design ideas through both written and
visual means.

e Developing and Implementing the Solution: Iteratively prototyping, testing, and
implementing to explore selected ideas/concepts in more detail (Ulrich, Eppinger, &
Yang, 2019; Aspelund, 2017).

e Evaluation and Improvement: Evaluating the results of the implemented solution and
improving it if necessary (Ulrich, Eppinger, & Yang, 2019).

e Production: Communicate and collaborate with internal/external suppliers on
matters involving a wide range of disciplines (Ulrich, Eppinger, & Yang, 2019;
Aspelund, 2017).

Accordingly, encompassing all relevant processes, mindsets, and tools, the DT approach
stresses user-centeredness, empathy, iterative prototyping, and testing in the problem-
solving process. The “design as a problem-solving process” usually concentrates on the
creation of a functional and ergonomic product while also considering technical
specifications, detailing, manufacturing procedures, and considerations.
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Technology and Design Education in Tiirkiye

In 2018, changes were executed in the national curriculum of technology and design
education in Turkiye (Turkish Technology and Design Education Curriculum, 2018). The aim
of the Technology and Design course is described in the MONE textbook as developing
individuals who understand the technology and design development process, can think
analytically, understand the problem-solving processes applied by designers, can develop
creative solutions with an interdisciplinary approach, know the concepts related to design
and technology, are prone to teamwork, and are technology and design literate.

When the weekly schedules of K-12 educational institutions in Turkiye for the 2025-2026
academic year are examined, it is discovered at the secondary school level that the
Technology and Design course is given for 2 hours per week in the 7th and 8th grades. The
Information Technologies and Software course is taught for 2 hours per week in the 5th and
6th grades. Robotics Coding (in 5th and 6th grades) and Artificial Intelligence Applications
courses (in 7th and 8th grades) are offered only as electives. None of these courses is taught
in primary school. At the high school level, only Information Technologies and Software is
given as compulsory or elective course, depending on the school type (Weekly Course
Schedule, n.d.). The Technology and Design course is also recommended to be conducted in
collaboration with other disciplines (Turkish Technology and Design Education Curriculum,
2018). This suggestion may be due to the difficulty of providing two hours of hands-on,
interdisciplinary technology and design training per week.

The curriculum review reveals that the same learning areas are found in grades 7 and 8:
“Fundamentals of Technology and Design,” “Design Process and Presentation,” “Built
Environment and Product,” “Needs and Innovation” and “Design and Technological
Solutions.” Within these learning areas, we encounter a program that strives to raise
awareness of various design fields, such as architectural design, visual communication
design, engineering design, computer-aided design, design-focused process, and product
development. There is no topic, or unit called the Design Thinking (DT) Approach within the
curriculum (ibid). The Technology and Design course curriculum in Tlrkiye intends to
enhance understanding of various design and technology fields and teach concepts pertinent
to them.

Since there are no institutions in Tlrkiye that train teachers for this course, teachers are
selected and appointed from among graduates of different departments (such as Industrial
Design department, Art education, etc.) (Fields in Teacher Appointments, n.d.). This situation
raises questions about their competence and experience in the field of design and
technology, and the equivalence and quality of the education provided in the classroom.

There are some problems that can be encountered in technology integration in schools: not
every school and student has the same internet speed, workshops, and technological tools
or is completely devoid of them; there are differences between the technological
competencies of in-service teachers (due to their limited in-service training in technological
approaches) and pre-service teachers (due to the limited number of technology-content
courses in education faculties). Literature also states that technology integration should be

171



Design and Technology Education: An International Journal

done with a purpose; The training provided should not focus solely on the use of
technological tools and equipment (Akglindiiz, Kurt, & Seferoglu, 2023). Accordingly,
technology can be integrated into education under three categories:

As a tool or facilitator (An electronic hardware/software device, Web 2.0/3.0/4.0 tools,
etc.) (Ellis et al., 2020; Dogan, & Robin, 2015).

This category can include CAD/CAM tools, calculators, virtual environments, online
communication, data collection, collaboration and artificial intelligence (Al) tools, Google
Docs & Spreadsheets, portable technologies, and the tools used by practitioners of STEM
disciplines (such as using microscopes, modeling with CAD software) (ibid).

To facilitate the problem-solving process (Ellis et al., 2020; Akgun, 2013; Bruce, & Levin,
1997).

In this category, the learner uses educational/instructional technology for inquiry (doing
research, data collection/analysis), communicating (collaborating, documenting, presenting
the findings), construction (prototyping things by using waste/simple materials, robotics,
computer-aided design, digital fabrication tools, etc.), and expression (the presentation of
the results by using editing programs, animation software, etc.) (Bruce, & Levin, 1997). This
approach to technology use aims to integrate and embed technology directly into
educational activities to facilitate the implementation of a problem-solving process in
courses (Ellis et al., 2020; Bruce, & Levin, 1997). This category can include using technology
(Lego Mindstorms sets, etc.) for coding to solve a required task/challenge (Ellis et al., 2020).

To teach technological contents or skills (Ellis et al., 2020; Akgun, 2013).

Integrated or embedded technology can be learned as a subject in education (Akgun, 2013).
For example, by using particular tools and practices, students can design a specific device to
measure the temperature and learn the intended content, instead of utilizing the
thermometer itself (Ellis et al., 2020). Under this category, one can develop their skills via
engaging educational technologies, such as gaining algorithmic thinking skills while working
with the Arduino robot kit to create a software prototype.

Considering these categories, in the Technology and Design course textbook, technology
appears to be used as a tool (using 2D/3D modeling programs, etc.) and to facilitate the
problem-solving process (preparing PowerPoint presentations to present the result, etc.).

Methodology

This article aims to evaluate the books on DT in education published by state entities in
Turkiye by comparing them with popular DT approaches used in education (IDEO, 2012;
“Design Thinking Bootleg,” n.d.; HPI, n.d.). The document analysis method, a qualitative
research method, was utilized for data collection and analysis. Document analysis is the
analysis of materials carrying information about the research subject (such as videos, books,
academic papers, or journals, etc.). It entails document collection, review, reading, analyzing,
and interpretation (Bowen, 2009).
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Because they were published by MONE and TUBITAK (The Scientific and Technological
Research Council of Tirkiye), the following seven books were chosen and used as data (Table
2). Four of these books are prepared solely according to the DT approach (Kaygan et al.,
2025a, 2025b; Avcl et al., 2023; Aksoy et al., 2020) while the others refer to the DT approach
in some chapters. Except for one book (Turan et al., 2021; Sarikog et al., 2021), the target
audience of other books is secondary/high school students, as well as teachers/educators.

Table 2. Books on design thinking (DT) published by public institutions in Tiirkiye

The number of pages

Name of the book Editors/Authors Publishers investigated Target group
Deneyap Tiirkiye: :;::ggldary
Tasanim ve Uret'T- Pinar Kaygan, Sedef SUNER Pla-Cerda, Nur students /
Ortaokul (2025a) . A L
Akkus Cakir, Alper Karadoganer, Gizem TUBITAK Educators
. ) - 313 (Total 313 pages)
. Hediye Eren, Engin Kapkin, Tolga Yilmaz Publications
Deneyap Tiirkiye: .
Lo (Authors) High school
Tasarim ve Uretim-Lise students /
2025b
(2025b) Educators
Tasarnim Odakh
z:zuurrar;ea[l%f:::;en Sarper Serkan Avci, Kemal Simsek, Lokman ~ MONE, General High school
o g Glizelyurt, Atilla Cifci, Bilent Akga, Hilya Directorate of 106 (Total 106 pages) g
Rehber Kitabi Olgun (Authors) Secondary Education teachers
(Ornek Proje & 4
Tasanimlariyla) (2023)
Behiye Dinger Aksoy
Ece Balgik
Emre Uykun
Erciment Erdemli
Fatma Ayga Yildinm
. Fatma K MONE, G | S d
Egitimde inovasyon Sibel Akbuyik, atma Raya . enera econaary
. GoOkhan Biger Directorate of school
icin Tasarim Odakli Volkan Hasan S . 384 (Total 384 pages)
Diisiinme (2020) Kaya (Eds.) Kenan Gokdag Teacher Training and students /
¥ ¥ ’ Kirsat Demir Development Teachers
Merve Kizanlk
Murat Oztiirk
Ozgiil Eynel
Zeynep Sarikog
(Authors)
Ali Turan, Mustafa Talha
Soysal, Tirkan Between 99-130 (Total Not specified
Okul Oncesinden Dimbiilli, Ozlem of 462 pages) P
e . MONE, General
Ortadgretime Farkli . Celikkol (Authors) .
Disiplinlerde STEM Ipek Saralar-Aras Directorate of
Eéit?mi Uygulamalan (Ed.) éeyzep Za?kosg' Sevda  reacher Training and
aydar, selin >arica, Development -
(2021) Tugge Ekici, Kismet Between 355-370 Not specified

Tirkan Kurnaz, Isilay
Glnes Torun (Authors)

(Total of 462 pages)

4 The DT approach, narrative, and process are applied nearly identically in both books within
the context of the same project, despite being published as two separate volumes for High
School and Secondary School. Accordingly, the article will proceed through Deneyap Tirkiye:
Tasarim ve Uretim-Ortaokul (2025a). Additionally, the “Student Workbook” was available for
download in the 2021 version of the book, but not in the 2025 version.
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Asaf Murat
5 Sergin Karatas, Ebru MONE, General
Different Approaches Karapinar, .
. . ) . Kilig Gakmak, Mutlu Directorate of Between 12-14 (Total
in STEM Trainers Rukiye Orman, T M . Teachers
. : Tahsin Usttindag Teacher Training and 152 pages)
Training (2021) Ilkay Solmaz
(Authors) Development
(Eds.)
Tasarim Beceri MONE, General
. L . ) ! Between 15-16 (Total High school
Atolyeleri Not specified Directorate of 347 pages) teachers
Ogretmen El Kitabi (n.d.) Secondary Education Pag

In the analysis process of the data (Bowen, 2009), using the Microsoft Excel application, the
author coded and evaluated the data. The data were processed using an initial framework in
which categories were primarily determined by reviewing the literature. Accordingly, a
comparison was carried out under the categories described in Tables 3 and 4 to comprehend
the general view of the DT approach and each stage of the DT approach. The initial
framework was updated many times throughout the coding process. The findings were
interpreted using this framework.

Data were encoded using the coding format types of Corbin and Strauss (2008). In general
comparison, data were coded according to predetermined concepts for the categories of
adopted DT approach, approach to implementing DT, characteristics of DT approach, DT
mindsets, and Technology integration. The categories of view of DT from an educational
perspective and expectations from the implementation of the DT approach were coded
according to the concepts extracted from the data.

In general comparison, Gerken’s (2022) model, which is based on four different ways to
implement DT, was utilized to investigate the second category -approach to implementing
DT. The categories of views of DT from an educational perspective (Kaygan et al., 2025a, p. 3)
and expectations from the implementation of the DT approach (Aksoy et al., 2020, p. 10)
were explored by examining the definition, purpose, and benefits of the DT approach in the
relevant books.

“The general and specific objectives of the course are determined as follows: ...
approaching the challenges with a human-centered perspective (Way of thinking), ...
collaborating effectively (Skill), understanding that the design and production process is
iterative, learned by making mistakes (Way of thinking)”>

“Stanford University (d.school) characterizes the DT approach as a learning approach
that focuses on developing students’ self-confidence.”®

> Dersin genel ve 6zel hedefleri asagidaki gibi belirlenmistir: ... zorluklara insan merkezli bir
bakis agisiyla yaklasma, ... etkin bir sekilde isbirligi yapma, tasarim ve uretim siirecinin
tekrarli, hata yapilarak égrenilen bir siire¢ oldugunu benimseme. (Text of the book in
Turkish)

6 Standford Universitesi, TOD yaklasimini, égrencilerin 6z giivenlerini gelistirmeye odaklanan
bir 6grenme yaklasimi olarak nitelendirir. (Text of the book in Turkish)
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A model that covers the fundamental 21st-century skills and values was developed for
Tirkiye (Tarel et al., 2023). This model focuses on promoting social-emotional development
and learning skills in a supportive educational environment. Accordingly, 11 core values
associated with these skills were identified: justice, friendship, honesty, love, respect,
patriotism, helpfulness, morality, conscience, manners, and thrift” (Tiirel et al., 2023). Under
the category of expectations from the implementation of the DT approach, the books were
also reviewed considering these values. The names of these values, their synonyms, and
antonyms were used as keywords, and the findings were evaluated according to whether
they were seen as a “value” in the context of the sentence in which they were found.

“...To prevent material waste (the antonym of the word ‘thrift’), and to provide equal
opportunities for each student to use materials, instructors can follow the following
strategies ...:"”®

“While asking students to empathize, they are expected to display a respectful attitude
without judgment ....”°

Literature can describe DT mindsets as DT characteristics. To distinguish between DT's
characteristics and mindsets, the way they are presented in the sentence was examined. If it
was stated as a way of thinking, it was regarded as a mindset (p. 18). If it was presented as
an attribute of the DT approach, it was considered as a characteristic (Aksoy et al., 2020, p.
5). Considering the literature, the following keywords were used to explore DT’s mindsets
and characteristics: iteration, prototyping, reflection, experimental, creativity, innovation,
human-centered/empathy, collaboration, failure/mistake, and uncertainty/ambiguity.©

“An optimistic perspective should always be maintained throughout the process for
innovative and creative solutions.”*?

7 Keywords in Turkish: Adalet, Dostluk, Diiriistliik, Sevgi, Saygl, Vatanseverlik, Vatanseverlik,
Yardimseverlik, Ahlak, Vicdan, Gorgu, Tasarruf

8...Malzeme israfini (Tasarruf kelimesinin zit anlamlisi) 6nlemek ve her 6grenciye esit
miktarda kullanim imkani sunabilmek icin egitmenler asagidaki stratejileri izleyebilirler...:
(Text of the book in Turkish)

% Ogrencilerden empati kurmalarini isterken yargilamadan ... saygili bir tavir

sergilemeleri beklenir. (Text of the book in Turkish)

10 Keywords in Turkish: Yineleme, prototip yapma, yansitma, deneysel, yaraticilik, yenilik,
insan odakli/empati, is birlik, hata/yanlis, belirsiz

11 Siire¢ boyunca yenilikgi ve yaratici ¢ézimler icin hep iyimser bir bakis agisi sergilenmelidir.
(Text of the book in Turkish)
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“...The DT approach is powerful for ... bringing diverse disciplines together to generate
human-centered and innovative solutions to problems in a collaborative and
experimental structure.”*?

In the category of technology integration, the sample activities in the books were reviewed,
considering the previously mentioned three types of technology usage in education.

As a tool or facilitator.

Using the Figma Web 2.0 tool for logo design (Avci et al., 2023); AutoCAD for 3D modelling
(Aksoy et al., 2020); Making models using simple materials (Karatas et al., 2021); Making an
award statuette using a laser cutter (Kaygan et al., 2025a).

To facilitate the problem-solving process.
Creating a project exhibition in the Metaverse (Avci et al., 2023); Preparing a digital
presentation (Kaygan et al., 2025a; Aksoy et al., 2020).

To teach technological content or skills.

Using the Arduino robot kit, getting information about electrical circuit elements and
developing coding skills (Avci et al., 2023; Aksoy et al., 2020); Learning planning (which
model parts will be produced and how) and time management (time allocated for
production) skills while making high-fidelity prototypes (Kaygan et al., 2025a).

The stage, the purpose of the stage, and the method name of the DT approach are clearly
mentioned in the books of Avci et al. (2023, pp. 8-105), Kaygan et al. (2025a, pp. 167-245),
and Aksoy et al. (2020, pp. 22-37). These served as data for a comparison of each step of the
DT approach with the Stanford d.school DT approach used in the books.

Validity and Reliability

The document analysis methodology employed in this study was founded on the preliminary
coding performed in 2023 and subsequently re-evaluated and refined in 2025. This re-
evaluation at various intervals illustrates that the data are not solely reliant on immediate
interpretations but are assessed within context. The study’s validity was enhanced through
the implementation of the “time triangulation” approach (Kimchi, Polivka, & Stevenson,
1991). The coding method conducted by the same researcher across different years
enhanced the study’s reliability by reinforcing the “intra-coder reliability” (Hoonard, 2008).
Accordingly, in contrast to the analysis conducted in 2023, the 2025 analysis incorporated
the secondary school and high school books authored by Kaygan et al. (2025a, 2025b) -
replacing the secondary school book by Kaygan et al. (2021)- as well as the book by Avci et
al. (2023). Consequently, a total of seven textbooks were analyzed, compared to five in the
initial study. Furthermore, under the “Findings” section, the recent analysis introduced a
new category titled technology integration. Within the category of expectations from the

12 . Tasarim odakh dustinme yaklasimy, ... farkli disiplinleri bir araya getirerek is birlikli ve
deneysel bir yapi icinde problemlere insan odakli ve yenilik¢i ¢oziimler Gretmek icin glcli bir
modeldir. (Text of the book in Turkish)
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implementation of the DT approach, eleven values associated with 21st-century skills were
examined.

Findings

General Perspective on the Design Thinking Approach

According to the findings (Table 3), all books employ the DT approach used at Stanford
d.school. Three books view it as a holistic approach to problem-solving that incorporates
tools, processes, and mindset (Kaygan et al., 2025a; Avci et al., 2023; Aksoy et al., 2020),
while others solely consider it as a process for problem-solving. From an educational
standpoint, it is thought to cover a set of skills, particularly 21st-century skills, in all books.
Holistic thinking (Kaygan et al., 2025a; Avci et al., 2023; Aksoy et al., 2020), hands-on, model-
making, iterative, prototyping (Kaygan et al., 2025a; Avci et al., 2023), and analytical thinking
(Sarikog et al., 2021; Aksoy et al., 2020) are the other skills associated with the DT approach.
It is also regarded as a way of thinking due to its particular mindsets (Kaygan et al., 20253;
Avci et al., 2023; Sarikog et al., 2021; Aksoy et al., 2020), an engineering approach in STEM
education (Turan et al., 2021), a competence (Karatas et al., 2021), and a teaching method
(Tasarim Beceri Atdlyeleri Ogretmen El Kitabi, n.d.). It is further highlighted as an active
learning approach that includes hands-on, collaborative, and reflective practices (Kaygan et
al., 2025a; Aksoy et al., 2020).

Some expectations are expressed regarding the implementation of the DT approach: its
ability to increase students’ engagement (Kaygan et al., 2025a; Avci et al., 2023), motivation,
interaction (Kaygan et al., 2025a); boost students’ self-esteem (Aksoy et al., 2020), and its
potential to improve their skills and acquisitions (Kaygan et al., 2025a; Avci et al., 2023;
Aksoy et al., 2020). DT is reported to provide them the ability to construct their own learning
environments and school systems (Aksoy et al., 2020). Except for three books, in others, the
DT approach is also expected to facilitate the product (physical, interior, software, building,
and system) design process (Kaygan et al., 2025a; Avci et al., 2023; Sarikog et al., 2021; Aksoy
et al., 2020). Furthermore, it has been noticed in three books that some of the strategies
suggested in the implementation of the DT approach can develop some values related to
21st-century skills in students; these are, respect, thrift (Kaygan et al., 2025a; Avci et al.,
2023; Aksoy et al., 2020); morality (Avci et al., 2023; Aksoy et al., 2020); conscience, manners
(Avc et al., 2023); justice (Kaygan et al., 2025a); and honesty (Aksoy et al., 2020).

The DT approach is characterized by two qualities in all books: human-centered/user-
centered and interdisciplinary. In two books, it is considered to provide a context for
integrating STEM disciplines (Turan et al., 2021; Sarikog et al., 2021; Karatas et al., 2021). It is
also associated with innovation (Kaygan et al., 2025a; Avci et al., 2023; Sarikog et al., 2021;
Karatas et al., 2021; Aksoy et al., 2020), collaboration (Kaygan et al., 2025a; Avci et al., 2023;
Sarikog et al., 2021; Aksoy et al., 2020), iteration (Kaygan et al., 2025a; Avci et al., 2023;
Aksoy et al., 2020), reflection (Kaygan et al., 2025a; Avci et al., 2023), and experimental (Avci
et al., 2023; Aksoy et al., 2020).

The mindsets of the DT approach used in Stanford d.school are explicitly underlined in two
books (Sarikog et al., 2021; Aksoy et al., 2020). While the mindset of human-centered/
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empathy is prominent throughout the books, the mindsets of radical collaboration and
embracing experimentation are the other mindsets most explored in the books (Kaygan et
al., 2025a; Avci et al., 2023; Sarikog et al., 2021; Karatas et al., 2021; Aksoy et al., 2020).
Some of HPI's mindsets are also discovered in the books: explore the problem space (Avci et
al., 2023; Turan et al., 2021; Aksoy et al., 2020), envision a radically new future, and embrace
uncertainty (Aksoy et al., 2020). However, there is no information on how to emphasize
these mindsets when applying the DT approach to students.

Except for two books in which technology is used only as a tool or facilitator (A) (Karatas et
al., 2021; Sarikog et al., 2021), in others (Kaygan et al., 2025a; Avci et al., 2023; Aksoy et al.,
2020), there is also technology usage in education to facilitate the problem-solving process
(B) and to teach technological content and skills (C). According to the findings, prototyping
and presentation activities in problem-solving processes involve the use of technology in
categories A and B, while the integration of robotics into the learning process generally
involves technology integration in category C.

The three books explicitly provide a relevant DT workbook/template/form. In the book by
Kaygan et al. (2021), the student workbook can be downloaded to help students follow the
DT approach. In Aksoy et al.’s book (2020), teachers are provided with some forms/rubrics to
manage and evaluate the implementation of the DT approach. For students, monitoring
forms and worksheets for all stages of the DT approach are also presented. In Avci et al.’s
book (2023), teachers are provided with forms to measure and evaluate each stage of the DT
approach. While there are forms for students to assess themselves and their peers
(Reflection, Self-Assessment & Peer Review Forms), many forms/tables are also designed for
them for each stage of the DT approach.

Table 3. General view of the DT approach in books published by public institutions in
Tiirkiye

Note: The color red refers to the common findings under each category discovered in the
books

Expectations

Adopted Approach to View of DT from the
Name of P . PP R froman . . Characteristics of . Technology Workbook/Template/Form
DT implementing . implementation DT Mindsets . .
the book educational the DT approach Integration in the book
approach DT . of the DT
perspective
approach
. * Increase
® An active B
X students
learning engagement
approach 6ag
¢ Increase
* A way of A
. students
thinking A A-As a tool or
. motivation. L
e Set of skills facilitator
. * Increase e Human- ® Human-
Deneyap  Holistic (hands-on, A B-To
. students centered/user- centered ”
Tirkiye: approach: model- X . facilitate the
Stanford A interaction. centered /Empathy
Tasarim ve ) Include tools, making, o problem-
R d.school X . . * Improve e Interdisciplinary * Embrace K Student workbook
Uretim- mindset, and iterative , X R solving
DT : students * Collaboration experimenta- (Kaygan et al., 2021)
Ortaokul process for prototyping, R . . A process
approach L particular skills ® Innovation tion
(2025a; problem- holistic - . . C-To teach
. . & acquisitions. o |teration * Radical .
2025b) solving thinking, & R . technological
e Have students e Reflection collaboration
21st-century ) contents or
A designa -
skills, such as : skills
physical
problem-
) product.
solving,
eDevelop
teamwork, students’
4C skills)

specific values,
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such as respect,
justice, & thrift.

eIncrease
students’
engagement.
*A way of 6ag
s eDevelop
thinking )
. students
»set of skills specific values,
(hands-on, P ! For students:
such as respect, * Human- T
model- R eReflection
) morality, centered A-As a tool or
making, . eHuman- . For Form
Tasarim . X conscience, /Empathy facilitator —
- iterative centered/user- teachers: Self-
Odakh eHolistic . manners, & * Embrace B-To
- prototyping, . centered . L eMeasure-  Assessment
Disiinme approach: L thrift. R experimenta-  facilitate the
. . Stanford holistic eInterdisciplinary A ment and Form
ile Proje ) Include tools, o sImprove . tion problem- . .
d.school . thinking, & s *Collaboration . X Evaluation ePeer Review
Hazirlama: mindset, and students . * Radical solving
. DT 21st-century . . eInnovation . Forms Form
Ogretmen process for A particular skills . collaboration process .
approach skills, such as s e|teration specific to eForms/
Rehber problem- & acquisitions. . * Explore the C-To teach
. X problem- eReflection . eachstage  Tables
Kitabi solving ) eHave students R problem technological .
solving, R eExperimental of the DT specific to
(2023) design a space contents or
teamwork, g - . approach each stage
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4C, and . of the DT
. product, thinking)
Information, approach
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Media, and safety systems)
Technology v sy !
) a software
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product (smart
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* Improve
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students’
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approach physical d.school’s i
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Egitimde o Set of skills learning centered/user- problem .
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Inovasyon Stanford (holistic environment), centered space X
. ) Include tools, S o - problem- Evaluation * Forms for
icin Tasarim d.school X thinking, systems (school e Interdisciplinary (Holistic K L
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Odakh DT analytical rules, school e Collaboration thinking) . .
- process for - . - process e Social Analysis
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problem- product ¢ Embrace . .
. . R tion Form Analysis
solving and (automatic uncertainty
s * Process o Empathy
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system) Evaluation Map
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Different « Human- * Human-

Approaches Stanford « Abrocess for centered/user centered

in STEM d.school’ p ° A . /Empathy A-As a tool or
. ) problem- Not specified centered -

Trainers DT . - competence - ¢ Embrace facilitator
L solving activity e Interdisciplinary .

Training approach « Innovation experimenta-

(2021) tion

Tasarim .

Beceri Stanford * A teaching

Atélveleri d.school’ ¢ A process for method ® Human-

O“thmen D‘T problem- e Set of skills Not specified Not specified centered Not specified

Engitabl approach solving activity (21st-century /Empathy

(n.d.) skills)

Stages of Design Thinking Approach

The results from Table 4 indicate that only Aksoy et al.’s book contains the same stages as
the Stanford d.school’s DT approach. The DT approach outlined in the book of Kaygan et al.
(2025a) is the same as the d.school’s DT approach up until the Prototype stage. Unlike other
books, the Prototype stage in this book includes the production of low-fidelity prototypes
and testing the concepts with students before user testing. The Test stage evaluates test
results and plans the high-precision manufacturing production process for the selected
design. The DT process has one more Prototype stage: producing and assessing a high/low-
fidelity prototype, followed by presenting it to students/users by preparing
posters/presentations. Although there is no comparable stage in the d.school’s DT approach,
the Test and the final Prototype stages are thought to be akin to the IDEO Evolution stage
(2012), and the Production stage within “design as a problem-solving process”. The DT
approach followed in the book of Avci et al. (2023) is almost the same as the d.school’s DT
approach. The Testing and Assessment stage has the same purpose as other Test stages; only
the name of the stage is different. Distinctively, after this stage, there is another stage called
Presentation and Dissemination. In this stage, students develop strategies for marketing the
product to introduce, deliver, and disseminate the product/prototype to students/users. If
the design is deemed appropriate, the necessary applications are made for obtaining a
patent/utility model acquisition and for national/international project competitions.

No books integrate Al tools into the DT approach; instead, they continue to use conventional
methods at each stage of the DT process. While all books present almost identical methods
for each stage, Aksoy et al.’s book, similar to IDEQ’s classification (IDEO methods, n.d.),
categorizes diverse methods into four difficulty levels from the point of the implementation
process. Books present shared methods, such as interview, observation, and empathy map
(also available in the d.school toolkit), as well as different methods, such as the 5W1H
Method, hot potato, and reverse thinking, for each DT stage. Furthermore, in the Ideate
stage, all books offer different brainstorming methods that are not available in the d.school’s
DT approach. In the Prototype stage, most of the methods are available in the d.school
toolkit, except for the “Prototyping with digital tools (software prototype)” method. While
one book (Aksoy et al., 2020) presents the relational map, journey map, and 2x2 matrix as
methods under the group of create frameworks, as in one of the IDEO toolkits (The Field
Guide to Human-Centered Design, 2015), they are offered as stand-alone methods in the
d.school toolkit. Some methods discovered at certain stages of the DT approach in the books
are presented at different stages of the d.school’s DT approach. For instance, methods
offered in the Empathize stage, such as empathy map, journey map, and 2x2 matrix, are
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presented in the Define stage of the d.school toolkit. Alternative methods are also available
to be used in each stage of the d.school’s DT approach.

Table 4. Comparison of each stage of the DT approach presented in books published by
public institutions in Tiirkiye with each other and with Stanford d.school’s DT approach

Note: The color red refers to the shared methods presented under each DT stage
discovered in the books

Deneyap Turkiye:
Tasarim ve Uretim-
Ortaokul (Kaygan et

al., 2025a; 2025b)

Tasarim Odakh Disinme
ile Proje Hazirlama:
Ogretmen Rehber Kitabi
(Avci et al., 2023)

Egitimde inovasyon igin Tasarim Odakli
Dustinme
(Aksoy et al., 2020)

Stanford d.school’s DT approach
(“Design Thinking Bootleg” n.d.)

Stage Empathize Empathize Empathize Empathize
Investigate the Develop an insightful
needs/expectations erspective on the . . .
Purpose /exp persp . h Investigate the needs/emotions/behaviors ) ] )
of the target group problem by engaging with . Build empathy with users to discover
of the . /expectations of the people affected by the . .
Stage and the context users and focusing on roblem their needs/desires.
8 where the designed their needs/thoughts/ P '
product is used. emotions.
e Interview for Empathy
e Interview / Asking ¢ Observation
open-ended e Level 1: Methods to be used in the “Define”
questions Interview, stage
¢ Observation / Live Observe e Empathy map
. or video observation o Level 2: ¢ Why-How Laddering
* Interview R
. * Why-How Interview, ® Journey map
X ¢ Observation X . .
Method eInterview « Empathy ma Laddering Observe, Dig ® 2x2 matrix
Name *Observation P y' P e Create frameworks  deeper Methods to be used in the “Ideate”
* Role-playing
« Mind-manpin (Journey map, 2x2 ¢ Level 3: Why- stage
pping matrix, Relational How Laddering ¢ Role-playing
map) e Level 4: Alternative methods to be used in the
* Dig deeper Community “Empathy” stage
* Community mapping ® User Camera Study
mapping e What? | How? | Why?
* Assume a beginner’s mindset
Stage Define Define Define Define
Gather, analyze, and
Interpret results and synthesize data obtained
P f h inning of th Devel int of vi h
urpose identify insights rom the beginning of the evel op apointo \,“ew basefi on t € Identify the problem/challenge by
of the process to create a user’s needs/experiences to identify a L
from collected user o synthesizing the collected data.
Stage . . specific problem problem statement.
information.
statement that can be
acted upon.
* Empathy map
® 2x2 matrix
e Level 1: Point of e Point of view madlibs
* Empathy map view madlibs * POV analogy
® 2x2 matrix o Level 2: Methods to be used in the “Ideate”
 Point of view Empathy map stage
E
maer:;od : R:lzatlf;‘/ ir:ap e Point of view madlibs madlibs o Level 3: 2x2 ¢ Role-playing
playing ¢ POV analogy matrix (Create ¢ “How might we” (HMW) questions
* “How might we” frameworks) Alternative methods to be used in the
(HMW) questions o Level 4: POV “Define” stage
analogy * Saturate and group
¢ Why-How Laddering
* Journey map
Stage Ideate Ideate Ideate Ideate
G te di Develop diff t )
Purpose eneAra ? \Verse, eve- op . ifferent/ ) L . Generate multiple ideas for potential
creative ideas for multiple ideas for users Develop multiple ideas for new/alternative R . o .
of the X . . solutions to the identified design
the defined problem real needs, based on the solutions or improvements.
Stage " problem.
statement. defined problem.
Brainstorming e Level 1:
Brainstorming Brainstorming methods: methods: Brainstorming -
X : . . . . R ¢ Bodystorming
methods: ¢ Brainstorming with ® Brainstorming with with small papers . .
S . Alternative methods to be used in the
* Speak within small papers (post-its) small papers (post- o Level 2: “deate” stage
Method yourself e Visual brainstorming its) Brainstorming by R ge .
. X ; X  Brainstorming (individually or with a
Name * Hot potato * Mind-mapping e Visual following rules scribe)
* Reverse o |dea filter (A method brainstorming o Level 3: Visual

brainstorming
* Reverse thinking

based on evaluating
originality & feasibility

* Bodystorming
® Get broad
audience opinions

brainstorming,
bodystorming
e Level 4: Get

* “How might we” (HMW) questions
* Role-playing
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to select the best idea)
* 5W1H method
* Storyboarding

using online surveys,
forms, or forums

broad audience
opinion using
online surveys,
forms, forums

Prototype (Low-

Stage fidelity prototype Prototype Prototype Prototype
production & Test)
Create low-fidelity
Purpose prototypes to
of tiF:e :?er;lsmeirgilanvz:i:sst aCrc:gcer:;:(innfia;ﬁuickly Turn the best idea into a prototype. T:‘JOr:Oitdea:Sinto physical forms through
stage quickly y. prototypes.
other student
groups/users.
* Model-making ;rlj‘;:l 1;n with
o Prototyping with yping ¢ Model-making
¢ Model-making paper f?fs;l 2 o Prototyping with paper
¢ Model-making o Prototyping with paper o Prototyping with Protot ;n with o Prototyping with physical model
o Prototyping with o Prototyping with physical model h sicZIpmgdel making
Method physical model physical model making making swa%(in |dentify a * Prototyping a case/experience (Role-
Name making * Prototyping with digital * Prototyping a variablgt; M playing or bodystorming activity)
® Peer review tools (software case/experience « Level 3: Role o |dentify a variable
e User testing prototype) * Prototyping with lavin ' ¢ Drawing
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Stage and Manufacturing Testing and Assessment Test Test
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Stage fhe?nant;factupring them, and improve the prototypes. prototype.
prototypes.
process.
L 1:
e Live prototyping .rees‘;er:tati'c\)/l:ke a
(User testing) f Level 2:
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e User testing Feedback capture e User testing
» Feedback capture
Method » Feedback capture grid rid grid » Feedback capture grid
Name ¢ Empathy map (for % Make e Level 3: Test Methods to be used in the “Define”
d tot i t
S e e
g deep * Test scenario rotot ;n pathy map
 Online polls or prototyping,
survevs Online polls or
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Prototype
(Low/High-fidelity Presentation and
Stage prototype . L
. Dissemination
production &
Presentation)
Develop strategies for
marketing the product to
introduce, deliver, and
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product/prototype to
Create low/high- users (logo design,
precision creating media content
Purpose prototypes, and for promotion, preparing
of the prepare posters/ presentations/websites/
Stage presentations for online exhibitions, etc.),

project
presentations.

and, if appropriate, make
the necessary
applications for
patent/utility model
acquisition &
national/international
project competitions.
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Discussion and Conclusion

Discussion

The purpose of this paper is to compare and evaluate the books on DT in education
published by public institutions in Tlirkiye to gain an understanding of the DT approach and
how it is applied. This study is considered significant because the information gleaned from
comparing the books, as well as the following recommendations for implementing the DT
approach, can assist teachers in implementing the DT approach in K-12 education,
particularly in the Technology and Design course.

According to the literature, the DT-based learning process is given in three different ways: a
learning process based on an existing DT process, a learning process based on a single DT
stage, and a learning process with a DT approach customized for different teaching purposes
(such as for developing students’ 21st-century skills, etc.) (Lin et al., 2025). This finding in the
literature is consistent with the finding that the application of the DT approach in the
reviewed books is based on the Stanford d.school DT process, an existing DT process. The
reviewed books also benefit from some stages of IDEO’s DT approach (Kaygan et al., 2025a),
HPI’s mindsets, and IDEO methods in the problem-solving process (Aksoy et al., 2020).

According to the findings, DT is perceived as an interdisciplinary and human-centered
problem-solving process that necessitates a set of skills and mindsets. Although described as
a holistic approach in some books, all books focus on the physical problem-solving process in
which students design, build, test, and receive feedback. The issue of how to develop a
designer’s mindset and skills in non-designers — teachers and students — is generally under-
emphasized in the books. For this reason, the DT approach in education isn’t comprehended
and practiced as a holistic approach that requires the interaction between mindsets,
processes, and tools.

The iterative nature of the DT approach allows for revisiting previous stages or even the first
stage of the problem-solving process if deemed necessary, if the proposed solution proves
ineffective, or if no solution is found. Although the findings indicate that the DT approach is
perceived as an iterative process, its iterative nature is only emphasized in the Prototype and
Test stages, where prototypes are revised based on feedback from users/students. Even
though the core of this method is to think and act like a designer in the problem-solving
process, this way of implementation appears to be a simplified version of “design thinking”
that consists of stages (Li, & Zhan, 2022). This finding aligns with literature criticizing non-
design educators’ application of the DT approach as a linear process or their simplification of
complex design processes (von Mengersen, 2023).

The OECD points out that social/emotional skills or moral/ethical values (such as a sense of
belonging to school/environment, healthy social relationships, etc.) should be the focal point
of the education curriculum along with academic achievement (OECD, 2018). Research has
revealed that some OECD social/emotional skills coincide with DT mindsets, including
optimism, empathy, collaboration, creativity, embracing ambiguity, and experimentation
(Aksoy et al., 2020). It has been noticed that some of the strategies proposed for the
implementation of prototyping or teamwork encompass values that are intended to be
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developed in Turkish students (such as time management, trust, respect for the other party,
etc. (Kaygan et al., 2025a). Accordingly, the essence of the DT approach and its
implementation in activities naturally involves the implicit instruction of specific skills and
values. Implicit teaching strategies integrated into activities using the DT approach can
effectively develop social/emotional skills and values, compared to direct instruction.
Consequently, the DT approach can be used to support the development of social/emotional
skills and integrate societal values with 21st-century skills, as aimed by both the Turkish
MONE and the OECD.

Except for three books (Kaygan et al., 2025b; Avci et al., 2023; Tasarim Beceri Atdlyeleri
Ogretmen El Kitabi, n.d.), the target audience of other books is secondary school students
and teachers/educators. The examination of the books reveals no substantial difference in
the presentation and execution of the DT process based on students’ educational levels.
Although being released as two distinct volumes for high school and secondary school by
Kaygan et al. (2025a, 2025b), the DT approach, narrative, and process are implemented
nearly similarly in both books within the same project framework. Literature underscores
the need to differentiate design education in secondary and high school (Choi, & Hyun,
2025). Accordingly, the presentation and implementation of the DT approach can be
differentiated by taking into account the grade levels of the students.

Strategies for Integrating the Design Thinking (DT) Approach into Technology and Design
Education

In the Technology and Design textbook in Tirkiye, the course aims to teach and raise
awareness of processes and concepts related to different technology and design disciplines,
and collaboration with other disciplines is recommended. In the book, technology is used as
a tool and to facilitate the problem-solving process within the units. The DT approach is not
included in a single topic or unit. It is additionally posited that attaining these objectives may
be unfeasible with a practical course offered for two hours weekly only in the 7th and 8th
grades at the K-12 level, taught by teachers from various disciplines in schools with limited
resources.

In the books investigated, there is the use of technology at any stage of the problem-solving
process within interdisciplinary activities, or as a tool in this process, or in teaching
technological content/skill related to problem solving within the DT process. Although the
purpose of the books doesn’t explicitly state that the DT approach is used for technology
teaching/integration, the activities in the books demonstrate that the DT approach can be
used for this purpose. The literature supports this suggestion that the DT approach is stated
to be employed as a tool to establish a context for the use of technological tools for teaching
a subject (Gonzalez & Mella, 2021).

In the 2033 Turkiye Education Policies Strategy Document, it is stated that some of the 21st-
century skills are lacking in teachers and students in secondary school education in Tiirkiye
(Akglindiiz, & Yulet Yilmaz, 2023). According to Dikpinar (2024), Turkiye’s exam-focused
educational system cannot give students 21st-century skills. In Tlrkiye, there is an absence
of undergraduate programs specifically designed to train Technology and Design teachers,
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resulting in instructors from diverse academic backgrounds teaching this subject. Similarly,
Technasium (secondary school) in the Netherlands includes Research and Design course
whose teachers have graduated from diverse disciplines and do not have prior knowledge
about design (De Haan-Topolscak, Ebskamp, & Vos-de Tombe, 2024). Dikpinar (2024)
recommends teaching Technology and Design teachers the DT approach to both enhance
students’ and teachers’ 21st-century skills and facilitate design-based activities. Therefore, in
countries without access to teacher education in the fields of technology and design or
related ones, teachers can receive training in the DT approach to help them learn about
design-related concepts and easily incorporate such interdisciplinary courses.

Technology is a multidisciplinary subject that merges scientific knowledge from different
disciplines with creativity. Technology also means designing and producing, and using
manual skills (Hanson, & Lucas, 2020). Design in technology education is perceived as a
process used to identify problems (with empathy), design creative solutions, and gather
information from interdisciplinary sources (ibid). Addressing the complex, multifaceted
challenges of the 21st-century, such as the climate crisis, and rapid technological
advancements, requires multidisciplinary, collaborative research. In this context,
collaboration among teachers from diverse disciplines in the Technology and Design course
is crucial for offering students an interdisciplinary viewpoint in the problem-solving process.
At that point, the DT approach in Technology and Design education can help establish
interdisciplinary connections and address problems from a holistic perspective (Dikpinar,
2024).

Considering the findings and the literature review, some recommendation is made to be
employed in Technology and Design education implemented not just in Turkiye, but also in
similar countries where there are exam-focused education systems and/or no subject-
specific teachers.

Technology and Design courses may be delivered in a hybrid format, provided that
students and schools have reliable internet access.

The use of non-location-based teaching methods that include digital technologies, such as
blended or hybrid learning (online and face-to-face instruction together) or flipped learning
(using pre-recorded audio, video, or reading digital teaching materials to prepare students
for class with the teacher), in technology education can allow students to access information
at their own learning pace (Winn, 2023). Given problems in technology integration in schools
and the skills students are expected to acquire within a two-hour weekly Technology and
Design course, this course may be implemented in a hybrid way at schools. The theoretical
part of the course can be delivered online, supported by pre-recorded informative videos,
while the practical part can be delivered in a two-hour course, more effectively through in-
class practices. With the DT approach integrated into the course content, an interdisciplinary
course that reinforces and teaches technology and design processes through practice and
thus helps the development of certain content and skills, accessible to everyone, can be
delivered. This way of approach can also facilitate the contribution of instructors/experts
from different disciplines to the course in an online environment.
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Modifications can be introduced to the stages of the design thinking (DT) approach applied
in the Technology and Design course.

According to the literature, there is no single design process; rather, design processes may
be specific to different fields or problems. For this reason, teachers may need to adapt the
DT model or tools applied according to the problem to be solved, the grade level of the
students, or different teaching objectives (Lin et al., 2025; Li, & Zhan, 2022).

The rise of data science has transformed design research and practice through the use of
large language models like ChatGPT and rendering generators like Midjourney in the context
of research, data collection/analysis, design prototyping, and development. Accordingly, this
course, provided in a hybrid learning environment, can be planned to utilize Al technologies
and tools, which both the Turkish MONE and UNESCO encourage for use in education (Sevil,
2025; Miao, & Holmes, 2023). The Al-assisted DT approach can accelerate the problem-
solving processes in conducting user research, data collection, analysis, idea generation,
visualization and testing, and facilitate the delivery of this course in both online and hybrid
formats. This approach can also help students adapt to the changing working and design
processes associated with Al technology, starting in secondary school.

Within the scope of findings and literature review, some differentiations in the stages of the
DT approach can be made for the Technology and Design course. At first, theoretical or
hands-on training can be given to students about tools used in the problem-solving process
(such as Al tools, prototyping tools, or methods) before starting to apply the DT process.
Then, the DT process can be taught and reinforced through practice within the problem-
solving process. Secondly, the methods applied at each DT stage can be modified by taking
into account the difficulty level of the methods, the experience of students and teachers
using the DT approach, and the educational objectives. Thirdly, a stand-alone activity that
concentrates on one stage or one tool can be implemented due to the benefits it provides to
students and the convenience it provides in time management and application. Lastly, the
DT approach integrated in this course can include the following stages: Empathize, Define,
Ideate, Prototype, Test, Evolution, Presentation and Dissemination.

Empathize and Define Stages.

In these stages, two different approaches can be included in the problem-solving process:
creating a new need in addition to finding a need and iterating the data collection and
processing.

In recent years of rapid technological change, new products, technologies, and services are
being invented to address needs people hadn’t previously considered, or even knew, or
realized they needed. Instead of designing products and services based on identified needs,
as in the past, new products and services are being designed to create new needs or to
address hidden needs. For example, 20 years ago, no one would have imagined that
everyone would need a smartphone small enough to carry in their pocket, capable of
communicating anywhere, with a camera, internet access, or e-mail (Barak, 2020).
Accordingly, in the DT process to be taught in design and technology courses, an Empathize
stage can be designed that addresses the issue of how to create new needs as well as the
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need identification using the DT approach. This approach allows students to explore the
ways to imagine/invent new digital products by creating new needs/uses.

Every user interaction with the product/system is a source of data that will enhance Al’s
learning, leading to more personalized and efficient design solutions. Therefore, the data-
driven design process involves a cyclical, ongoing process of collecting data, analyzing it,
making design decisions, and collecting more data after each new interaction (Cain, & Pino,
2023). At that point, generating a new product in the context of machine learning and
artificial intelligence needs iterative data collection/capturing and interpreting/analyzing the
data. Along with the iterative prototyping and testing stages, a continuous iteration in the
Empathize and Define stages of the DT approach can be employed to prepare students for a
data-driven future.

Ideate Stage.

At this stage, in addition to applying traditional brainstorming methods by pairing with other
students, students can also apply brainstorming methods and produce multiple ideas
together by working in partnership with Al to generate ideas. Furthermore, within the scope
of this stage, the meaning of the word “product” should be explained to students to make
them understand the types of products and their variations in different disciplines (such as
tangible, digital, interior, exterior, building, software, system, or service products). In that
way, they can see their options while developing ideas in the problem-solving process.

Prototype Stage.

This stage includes the production of low-fidelity prototypes and testing the concepts with
students before user testing. In this stage, along with the d.school prototyping methods,
prototyping with digital tools (software prototype) can be included as an option to develop
digital/mobile/web products or systems. With the help of Al tools, students can easily build
software designs even without having coding experience. Software/digital prototyping can
also facilitate technology integration in education under three categories: for example,
creating software with Raspberry Pi (technology as a tool) to solve a traffic signaling problem
(technology to facilitate the problem-solving process) and developing algorithmic thinking
skills (technology to teach technological contents or skills) (Avci et al., 2023).

Test and Evolution Stages.

In the Test stage, the results of the tests conducted with students are evaluated, and low-
fidelity or, if possible, high-fidelity prototypes of the selected concepts are produced and
iteratively tested with real users. The Evolution stage includes evaluating the test results,
improving them if necessary, and then planning the production process for the selected
design. For this purpose, specialists from diverse disciplines, including engineering,
manufacturing, or marketing, can be invited to the class to get feedback from them and to
learn the real manufacturing planning process.

Presentation and Dissemination Stage.
In this stage, students are encouraged to prepare presentations, logos, media content, or
websites for introducing and marketing their products to users/students and for applying for
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patent/utility model acquisition and for participating in national/international project
competitions. This way of approach can increase students’ motivation in the problem-solving
process.

Certain stages and tools of the Design Thinking (DT) approach can be emphasized in this
course, as they offer pedagogical benefits for students and support effective time
management and implementation.

In a data-driven design approach, certain mindsets and strategies are crucial for designers to
interact with and manage data. Accordingly, the designer has a facilitating and integrating
role between technology, design, and other disciplines; therefore, collaboration with human
and non-human (datasets, Al tools) stakeholders is essential. Due to the constant changes
and evolution of data, it’s also crucial to embrace the complexities and uncertainties
inherent in the design process. Therefore, navigating uncertainty (also called embracing
ambiguity (Hanson, & Lucas, 2020)) remains a crucial mindset for designers (Cain, & Pino,
2023).

The literature also points to the importance of certain mindsets considered important in
technology education and development, which also exist within DT mindsets: these are,
critiquing (includes getting feedback and taking risks in the problem-solving process),
imagining (includes creativity, embracing ambiguity, and reflective thinking in the problem-
solving process), making (consists of the design process from sketching to prototyping, and
learning from failure), and human-centered designing (empathizing with people to
understand them and collaborating with diverse disciplines) (Hanson, & Lucas, 2020).

Given the findings, some recommendations are made for implementing the DT as a holistic
approach in education. Instead of implementing 5 or 6 stages of the DT approach, teachers
can design a stand-alone activity that concentrates on one stage (Empathize or Test stages)
or one tool (implementing a brainstorming activity). Teachers can make incremental
progress toward gaining students’ acceptance of the DT process and mindsets (Zielezinski,
2017).

The literature suggests that individual DT stages can be flexibly integrated into any part of a
course to emphasize DT’s non-linear, flexible process (Lin et al., 2025). The DT skills that
need to be developed most in both teachers and students emerge in the Empathize,
Prototype, and Test stages (Watkins et al., 2020; Zielezinski, 2017). Empathy-focused DT
instruction is considered to foster understanding of user needs and finding human-centered
solutions (Lin et al., 2025). These activities can also help students engage in iterative
prototyping and user testing and develop empathy, experimentation, and collaboration skills
(Goldman et al., 2017; Zielezinski, 2017).

Encouraging students to reflect on each implemented DT stage and method can improve
long-term retention of students’ learning. Teachers’ specific feedback and reflection at
various points throughout the learning process can also lead students to self-assess their
approach to problem-solving and experiment with different approaches to completing their
tasks. Activities centered on the iterative prototyping process can be carried out for this
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purpose. DT training, focusing on prototyping activities, can be easily integrated into existing
learning processes, enables concrete creative ideas, and teaches students to receive and
evaluate feedback, as well as to learn from failures through iterative practices in prototyping
and testing processes (Lin et al., 2025). This way of approach also encourages students to
adopt experimental, risk-taking, and collaborative mindsets (Watkins et al., 2020; Zielezinski,
2017). Practicing a design-based activity can help students tolerate challenging problem-
solving processes and adopt a mentality of embracing ambiguity (Watkins et al., 2020).

Conclusion

While many studies examine DT in general education settings, this article’s analysis of
government-published materials offers insight into how a national education system
approaches and disseminates modern pedagogical concepts. This article also makes a
significant contribution by providing concrete suggestions for directly applying DT to
Technology and Design education.

To improve the incorporation of DT into Technology and Design education, several strategies
can be employed, considering the educational level of students. First, Technology and Design
courses can be offered in a hybrid format, provided schools and students have dependable
internet access. This approach offers greater flexibility in learning environments and enables
the effective use of both physical and digital resources. Second, modifications can be made
to the stages of the DT approach implemented in the course. These adaptations will better
align the structure of the DT process with course objectives, learning outcomes, and
classroom conditions. Finally, specific stages and tools of the DT approach can be highlighted
in this course because they provide pedagogical benefits for students and support effective
time management and implementation.

Analyzing DT books has the potential to inform educational practice and curriculum
development. In future research, researchers can undertake systematic comparisons of basic
DT books to find shared themes, methodological discrepancies, and theoretical evolution.
Future reviews can also incorporate an examination of both books and research articles to
provide a more comprehensive understanding of the evolution of DT.
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Abstract

Industry 5.0 is a new emergent industrial revolution that admits and promotes mutual and
coordinated interaction of industrial workers’ cognitive and creative skills, and artificial
intelligence machines’ qualities to maximize production in industries. Thus, the advent of
Industry 5.0 demands new skills, knowledge, attitude and responsibilities/roles from workers to
enable them to fit the positions. Consequently, Industry 5.0 has significant implications for
engineering, technology and technical education programs. These programs need to be
reshaped for the purpose of producing worthwhile graduates that can easily be absorbed into
Industry 5.0. However, this article focuses on the ‘recurriculation’ of engineering, technology
and technical education programs for adopting Industry 5.0. The article is anchored on a
literature review. Specifically, the article dwells briefly on the pre-industrial revolution, Industry
1.0, Industry 2.0 and Industry 3.0. The article explicates on Industry 4.0 and Industry 5.0.
Similarly, the article identifies problems that emanated during the Industry 4.0 era. It explains
the importance of human beings in industries. Also, this article explains the needs for improving
the knowledge, skills and attitude of industrial workers during Industry 5.0. Being a program
where knowledge, skills and attitude needed in industry 5.0 can be acquired, the article briefly
conceptualizes engineering, technology and technical education. Furthermore, the article
explains the concept of recurriculation of engineering, technology and technical education
programs. Finally, the chapter explains the phases for the recurriculation of engineering,
technology and technical education programs.

Keywords
Industry 5.0, Engineering Education, Technology Education, Technical Education,
Recurriculation

Introduction

Technology and its development is as old as human beings. Kozi (2015) agreed that human
beings were, are and will be the main initiators of any technological innovations and changes
that increasingly enter the professional and private lives of adults as well as children. Thus, the
source of technological change and its development is responsible for the fulfilment of the
needs and wants of individuals and society at large (Graube & Theuerkauf, 2005). This is
because human beings, in the process of satisfying basic and essential needs and wants,
continue to think and engage in problem-solving activities, hence discovering new technologies
which serve as means for the attainment and satisfaction of the needs and wants. The
eagerness and zeal to increase human and societal satisfaction of wants and needs that upholds
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evidence of popular economics theory, “human wants are insatiable” (Bianchi, 2002; Lebergott,
1993; Witt, 2001) has transformed into the continuous development and improvement of
technology globally which, by an extension, led to the continuous emergence of industrial
revolutions ranging from pre-industrial revolution through Industry 1.0, Industry 2.0, Industry
3.0 and Industry 4.0. Currently, Industry 5.0 is progressing.

By implication, technological and industrial changes will have influence on education. This is
because educational institutions such as schools, colleges of technology, polytechnics, and
universities train and produce prospective industrial workers (engineers, technologists and
technicians) for effective and efficient application of technology for individual, industrial and
societal benefit. Every change in the industry will make educational processes and content
change. Similarly, changes in industries will call for constant review and renewal of the
document guiding the educational curriculum (Yekinni & Ogbuanya, 2025) to keep up with the
industrial revolution and changes in society.

Thus, this article examines the trend of industrial revolutions from pre-industrialization through
Industry 1.0 to Industry 4.0. It establishes the concept of Industry 5.0 and Industry 5.0
technology and investigates the skills required by workers to adapt with Industry 5.0. The
article establishes the concept of engineering education, technology education and technical
education and the concept of recurriculation. Finally, the article investigates phases of
recurriculation of engineering, technology and technical education programs toward Industry
5.0. Methodologically, this article is anchored on a literature review: existing scholastic
empirical reports, theories and opinions.

Industrial Revolutionary Trends

Before the year 1750 which marks the pre-industrial revolutionary period in Europe, people of
that age were characterized by their use of hand tools, simple implements and animals to
practice subsistence farming and to process and produce essential items, primarily agricultural
products, for their proliferation purposes. The period was overshadowed by a poor standard of
living and poor economic growth (Durlauf & Blume, 2010; Kent & Kopacek, 2019). Nahavandi,
(2019), Odo et al. (2017) and Durlauf and Blume (2010) submitted that between the 1750-
1780s, the first Industrial Revolution (Industry 1.0) started in England with the discovery of
mechanical power from water, steam, and fossil fuels. The revolution was characterized by
different innovations and discoveries viz; coke blast furnaces in 1710 by Abraham Darby,
atmospheric engines in 1712 by Thomas Newcomen, steam engines in 1776 by James Watts,
flying shuttle in 1773 by John Kay, spinning jenny in 1770 by Hargreaves and water frame in
1771 by Richard Arkwright (Macon-Cooney, 2019). This revolution favored high productivity
growth and by extension an increase of GDP per capita, as well as the real wages of people of
that period (Macon-Cooney, 2019). Similarly, the revolution led to the liberation of humans
from dependence on animal power, and a move from agrarian to industrial and rural to urban
societies (Ozdemir & Heim, 2018). Second revolutionary changes (Industry 2.0), which began in
1870s, featured the discovery of electricity. Electrical energy coupled with electrically driven
machines favoured manufacturers with assembly lines and mass production (Kent & Kopacek,
2019; Nahavandi, 2019). The third Industrial Revolution (Industry 3.0) emanated during the
second half of the 20th Century, specifically in the 1970s. The revolution was characterized by
computerization and automation in the manufacturing field, hence, giving rise to the
application of personal computers, the Internet and ICTs in industries (lkenga & van der Sijde,

195



Design and Technology Education: An International Journal

2024; Ozdemir & Heim, 2018). During this revolutionary period, automation allowed humans to
assign the large number of tasks to machines, leaving supervising and monitoring functions to
human beings (Graube & Theuerkauf, 2005). Further advancement and development in
information and communication led to the advent of Industry 4.0.

Industry 4.0

Industry 4.0 - The fourth industrial revolution - was an initiative from the German Government
in 2011 (Demira et al., 2019, Oeij, et al., 2024). Industry 4.0 includes smart and innovative
manufacturing systems where manufacturing is done through the integration of the internet of
things (loT), cyber-physical systems, smart/intelligent machines, artificial intelligence and cloud
and cognitive computing (Haleem & Javaid, 2018; Ozdemir & Hekim, 2018; Lu & Xu, 2019).
According to Jardine (2020) and Rossi (2018), the objective of Industry 4.0 includes bring
together robots, interconnected devices, machines, processes and systems, and fast networks
of data within the factory environment, basically to make the factory more productive and
execute the routine tasks that can be best done by robots more efficiently and effectively than
by humans. The fourth industrial revolution is characterized by the high level of automation,
use of cloud technology, big data, more precision as well as miniaturization of products
(Cojocariu, 2019; Lewis, 2016; Patches et al., 2019; Ustundag & Cervical, 2018). Industry 4.0 was
technologically deterministic (Oeij, et al., 2024). Industry 4.0 dedicated most industrial
activities, tasks and operations to the robots (machines), causing larger percentages of
industrial workers to become redundant, but created new jobs that required new and emerging
knowledge and skills. Correspondingly, Cojocariu (2019) and Vanderborght (2018) claimed that
the advent of Industry 4.0 came along with some drawbacks: the complexity of system,
expensive software, industrial workers being replaced by machines, security leaks, the need for
highly skilled people to operate intricate processes, loss of innovation and creativities and loss
of jobs and unsustainable jobs. Also, Acemoglu and Restrepo, (2017), Ford (2015), Kent and
Kopacek (2019), Frey and Osbourne (2013) and World Bank (2016) predicted that
approximately 47% and 57 % of US jobs and jobs in the OECD countries respectively, will be
vulnerable to automation which will in turn have a knock-on effect of reducing customer
spending and could result in a secondary wave of job losses affecting all occupations.
Correspondingly, evidence upheld that automation technologies replaced workers in both low-
and high-skill jobs causing many workers to lose their jobs (Bazylik & Gibbs, 2022; Filippi et al.,
2023; Spencer, 2018; Wajcman, 2017). Meanwhile, the situation is unsatisfactory, indicated by
reactions in a number of articles dedicated to Industry 4.0 globally (Skobelev & Borovik, 2017).

Humans and Robots

Since the year 2000, computers and machines have been increasingly replacing workers instead
of making them more valuable and useful in the developing and developed world (Ken &
Kopacek, 2019). The proliferation of robotic automation is inevitable (European Economic
Social Committee, EESC, 2018), but Tesla CEO, Elon Musk, admitted that excessive automation
in most industries is a mistake, claiming that humans are underrated in industries (Domonoske,
2019; Jardine, 2020). Similarly, Jardine (2020) stated that though robots are much more
consistent than humans and better at precision work, robots are inflexible and incapable of
adapting to and engaging in critical thinking that is naturally endowed in humans. Thus, by
working together with people in industries, robots can fulfill their designated purpose of
providing assistance and making lives better (Jardine, 2020). Also, bringing back human workers
to the factory floors will pair humans and machines to utilize human brainpower and creativity
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to increase process and production efficiency by combining workflows with intelligent systems
(Ken & Kopacek, 2019; Nahavandi, 2019). Manufacturers who understand the value of human
intuition and problem-solving capabilities are positioning themselves to thrive (Anang et al.,
2024; Jardine, 2020). Correspondingly, Phill Cartwright, executive chairman of the “Centre for
Modelling & Simulation”, commented that pairing humans and machines in the manufacturing
sector leads to the creation of higher-value jobs than ever before because freedom of design
and the associated responsibility is handed back to engineers, technologists and technicians
(Kent & Kopacek, 2019). Thus, advocating for the reintroduction of human workers (human
intelligence) alongside machines (robots) and collaborative robots (Faccio et al., 2023; Huang et
al., 2022; Nahavandi, 2019; Pluchino et al., 2023; Rossato et al., 2021) bring about Industry 5.0.

Industry 5.0

Industry 5.0 is a transformative shift in manufacturing processes that emerged in response to
accusations that Industry 4.0 was technologically deterministic, and recognition of industrial
workers as substitute or subordinate to machines led to job displacement and removal of
human workers from manufacturing processes (Gamberini & Pluchino, 2024, Huang et al.,
2022; Leng et al., 2022; Oeij, et al., 2024, Xu et al., 2021). Global Electronic Service (2020),
Jardine (2020), Javaid and Haleem (2002), Haleem and Javaid (2019), Ozdemir and Hekim
(2018), Rossi (2018), and Skobelev and Borovik (2017) proclaim that the Fifth Industrial
Revolution, Industry 5.0, was introduced in 2015. The objective of Industry 5.0 is to continue
with the digital transformation of Industry 4.0 with the inclusion of human active roles (Oeij, et
al., 2024). European Economic and Social Committee (EESC) (2018), and Patches et al., (2019)
described Industry 5.0 as the amalgamation of human creativity and craftsmanship qualities
with the speed and consistency of robots. Similarly, Carr and Haslam (1980), Kopacek (2018),
Kent and Kopacek (2019), Nahavandi (2019), Patches et al., (2019), and Shelzer (2017)
explained that Industry 5.0 is a new industrial change where reliable automation of robots are
intertwined with the human brain in a joint operation as human intelligence works in harmony
with cognitive computing to increase production efficiency and works as a collaborator and
supervisor. Combining the speed and accuracy endowed in automation with the cognitive skills
and critical thinking of humans ensures the success of Industry 5.0 (Kent & Kopacek, 2020);
Grabowska et al., 2024; Yordanova, 2021). Kent & Kopacek (2019), Demira et al., (2019), Lu
(2017), Korcomptenz (2019), Reinhardt et al., (2020) stated that in Industry 5.0, robots
rigorously prepare products with high precision, meeting high specification and standards while
humans take over to add the value and finishing touches to the product. Machines take over all
monotonous, repetitive, error-prone and mundane tasks while humans take creative, artistry,
and the research and development side, taking on more responsibilities and increased
supervision of systems to elevate and improve the quality of production across the board
(Patches et al., 2019; Demira et al., 2019).

Putting humans back into industrial production with collaborative robots will provide humans
with bigger opportunities to engage in value-added tasks in production, leading to the
personalization of customer needs (Rossi, 2018). Cojocariu (2019); Kent and Kopacek (2019);
Ozdemir and Hekim (2018); @stergaard (2018); Patches et al., (2019) state that Industry 5.0
proceeds from mass customization to personalization of customers’ needs, where
clients/customers are allowed to get products and services by giving them maximum
opportunities to state their preferences and requirements based on their needs at the design
phase and the production line, instead of choosing from existing options. The most essential
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benefits of Industry 5.0 include increased productivity, agility and profitability, improved
adaptability, change-readiness, a responsive working environment and overall cost reduction
(Patches et al., 2019; Kospanos, 2017; Rada, 2018). Industry 5.0 brings improvement to
industrial design, process, operations, speed and accuracy of industrial automation through the
application of human cognitive and critical thinking capability, which was not previously
possible, hence, provides a flexible approach to continuous improvement in manufacturing
sectors to solve problems of the future and produce personalised products of high value (Kent
& Kopacek, 2019; Ozdemir & Hekim, 2018). Furthermore, Industry 5.0 leads to the attainment
of business goals, an exceptionally efficient and value-added production process, flourishing
and trusted autonomy and associated costs (Xu et al., 2014; Xu et al., 2018; Haleem & Javaid,
2019).

Technology of Industry 5.0

Global Electronic Service (2020) submitted that the tendency of Industry 5.0 to affect the
manufacturing processes and supply chain, among others, depends on quick adoption and the
willingness to implement technologies necessary to bring the Industry 5.0 revolutionary
features and components to the plant floor. Thus, Burrus (2014), Chattopadhyay (2020),
Cojocariu (2019), Nahavandi (2019), Ozdemir and Hekim (2018), Ustundag and Cervical (2018),
and Patches, et al., (2019) express that Industry 5.0 technologies, which can be used across
diverse professions such as medical science and healthcare, education, sport, entertainment
and engineering among others, include customized software/application, network of smart and
intelligence sensors, programmable machines and devices, collaborative robotics (cobo), 3D
printing, artificial intelligence, internet of things (loT), cloud technology, blockchain technology
and data analytics. Society 5.0 is a society where advanced information technologies (IT), loT,
robots, artificial intelligence (Al) and augmented reality (AR) are actively used in human’s
everyday life, in industry, health care and other spheres of activity for the progress, benefit and
convenience of every human being (Graube & Theuerkauf, 2005; Skobelev & Borovik, 2017).
Meanwhile, any change in industries and technologies have severe implications on the
qualification, knowledge, skill and attitude of industrial workers. This is because handling these
new technologies in industry sectors requires new qualifications and responsibilities and, by
extension, new knowledge, skills, attitudes and competencies from industrial workers and
management (Saniuk, et al., 2021). Oranu (2010) and Magaji (2015) report that factors
responsible for the rising demand for knowledge and skills in industries and labour markets
include technological and organizational/industrial change, deregulation of key industrial
sectors, and the decline of unions.

Need for knowledge

Industry 5.0 will create new jobs in human-machine interaction and human computational
factors (Saniuk & Grabowska, 2022), which may span across intelligent systems, artificial
intelligence and robotics, machine programming, machine learning, maintenance, training etc.
(Madesn & Berg, 2021; Martynov, et al., 2019). Ikenga and van der Sijde, (2024) and Li (2020)
posited that the combined power of humans and machines generates new possibilities and
competencies.

This is because, industrial change and rapid changes and developments in technology are
progressing globally and in Africa are accompanied by new roles, expectations, activities and
tasks. Hence, industries are demanding for managers, workers and graduates with higher and
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guality education and training standards, multi-skilled graduates and people with new
knowledge, skillsets, technical aptitude, attitude, specific and generic skills, in the ever-
changing business environment and manufacturing industries (Board of Engineers, Malaysia,
2003; Brunhaver, et al., 2017; Jobs for the Future, 2007; Hernandez-Gantes, 2016; National
Academy of Sciences, 2007; National Academies of Sciences, Engineering, and Medicine, 2018).
Evidence upheld that employers in the US and other parts of the world began to report
problems concerning finding competent workers in high-tech, high-wage fields in science,
technology, engineering, and mathematics (STEM), with adequate preparation underlined by
basic academic skills, technical skills, and complementary skills associated with teamwork and
problem-solving (Carnevale et al., 2010; Hernandez-Gantes, 2016; Hernandez-Gantes &
Fletcher, 2013; Ibanga, 2015; Kim, 2011; Otokunefor; 2011). Ikenga and van der Sijde (2024)
and Wang, Yu and Han (2021) argued that many workers lack the knowledge and technical
expertise to work with new technologies of Industry 5.0 such as artificial intelligence and
robotics applications, resulting in a skill gap. Evidence from Demira, Dovena and Sezenb (2019)
and Kelly (2015) upheld that people losing jobs in industries are unlikely to possess the
education, training, and skills to assume the responsibility of employment requiring creativity in
the industrial sector. Similarly, the World Economic Forum (2012) and Spang (2014) reported
that it is estimated that there are 10 million jobs in manufacturing companies that remain
unfilled due to the skills gap and that the ability to access the right talent will increasingly
become a matter of competitive advantage.

According to Hadgraft (2017) and the Institute for the Future (2015), lists of the key skills of the
future workforce includes: sense-making, trans-disciplinarity, design mindset, novel and
adaptive thinking, virtual collaboration, cross-cultural competency, social intelligence, new
media literacy and computational thinking. Demir and Ercan (2019), de Oliveira (2024), lkenga
and van der Sijde, (2024), Kent and Kopacek, (2019), Ramadhani, (2017), Saniuk and Grabowska
(2022). Saniuk and Grabowska (2023) identified technical or STEM skills such as understanding
of automated systems, robotics, artificial intelligence (Al), the Internet of Things (loT) and data
management software, ability to design, operate and maintain complex equipment and skill to
analyse large quantities of data to optimize production processes, and soft skills such as
problem-solving, creativity and innovation, flexibility, communication and collaboration,
leadership and team management, empathy, emotional intelligence, analytical thinking and
innovation, ecological awareness, ethics and social responsibility and knowledge of safety and
regulatory compliance, as employee skills needed in Industry 5.0. Similarly, Demira, Dévena and
Sezenb (2019); Cojocariu (2019); Alpaslan, et al., (2017); Felder, et al., (2000); Kelly (2015);
McCrone et al., (2015); OECD (2015) claimed that job and occupational skills, technical skills,
cognitive skills, social and emotional skills, problem-solving, creativity and critical thinking skills
are the vital range of skills, demanded by employers in the Industry 5.0 era, and which existing
and prospective industrial workers needed to collaborate with smart machines, programme the
robots, or manage them.

Thus, Industry 5.0 created new types of work and introduced new technologies which require
workers with highly developed knowledge and set of skills and proficient in the use of these
technologies (Greenwood, 1997; Kent & Kopacek, 2019; Kopacek, 2018). Global Electronic
Service (2020) stated that the birth of Industry 5.0 requires new manufacturing roles such as
Chief Robotics Officer (CRO) and experts who are knowledgeable, skilful, specialized, and
focused on human-machine connectivity and responsible for making decisions on which
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machines or devices can be added to the plant floor to improve strategies for optimizing the
production line. Similarly, Ramdass (2012) reported that the most significant demand of any
industry are highly skill workers who possess the strong ability to apply new knowledge and
technologies, and who can bring about business improvement methodologies and ultimately
add value to industrial output. Correspondingly, Ozdemir and Hekim (2018) expressed that both
industrial personnel and students (prospective industrial workers) in the field of technology and
engineering ought to be exposed to and experience the emerging concepts and knowledge of
the loT, Al, smart factories, and how they might transform and implement the knowledge
within Industry 5.0 in the near future. Meanwhile, these skills are indisputably lacked by most
serving and prospective industrial workers (Akinyemi et al., 2012; Ibanga, 2015; Otokunefor,
2011; Ogbuanya & Onele, 2018). Nahavandi (2019) claimed that essential skill/role gaps which
exist as a result of Industry 5.0 emergence must be addressed.

Evidence upheld that Industry 5.0 changes career and professional development, emphasising
the need for new skills, continuous learning, and adaptability in a rapidly evolving labour
market (Huang et al., 2022; Tomaseic, 2023). Consequently, there is an urgent need to focus on
the role of education and training as a lever for a competitive, innovative, sustainable and
inclusive labour market and economy (Oeij, et al., 2024). This is because the design and
implementation of quality education and training for industrial workers (engineers, engineering
technologists and engineering technicians) are pivotal for personal, national and international
development (Board of Engineers, Malaysia, 2003).

Technology is continuously playing a considerable role in Industry 5.0, there is corresponding
increase in the need for up-skilling and re-skilling the workforce with a background in STEM-soft
skilled training (lkenga & van der Sijde, 2024) to enable them adapt to Industry 5.0’s changing
requirements and help businesses succeed in this new era of production (Demir & Ercan, 2019;
Gu“gercin & Gli“gercin, 2021). Ramdass (2012) expressed that the essential skills, knowledge,
attitudes and capabilities needed to excel in industries globally and, in Africa, are developed
and learned through the institute or faculty of engineering and technology in higher education.
This is because an educational/training institution is an institution of learning devoted to the
discovery, examination, production, appraisal, dissemination and transmission of knowledge
(Erguder, 2010; Steyn, et al., 2012) to develop the human potential that supports the social,
economic, cultural, and intellectual life of a rapidly changing society, and ensure high-level skills
training and development of personal abilities that would support national development
(Federal Republic of Nigeria, 2013; Ramdass, 2012). Building these knowledge and skills
requires human solid capital foundations and lifelong learning because human capital is
positively correlated with the adoption of advanced technologies (Kent & Kopacek, 2019).
Similarly, Jonathan and Monday (2017), Koretsky and Magana (2019) and Parashara & Parashar
(2012) reported that there is a need for a higher level of skills and knowledge of technology
used in engineering practice to be taught as advanced learning, before workplace entry, to cope
with and manage rapid changes in technology and industrial changes, uncertainty and
complexity in the workplace.

Graube and Theuerkauf (2005) expressed that the emerged developments in engineering and

technology have significant implications and impacts on engineering, technology and technical
education. Educational institutes such as universities, polytechnics, institute of technology and
technical colleges play a significant role in preparing a potential workforce (engineers,
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technologists and technicians) who can fulfil an ambassador’s role in Industry 5.0 (Oeij, et al.,
2024). Scholars upheld that knowledge, skills and attitudes needed to cope with the advent of
Industry 5.0 are offered primarily at educational institutions’ classrooms and workshops/
laboratories purposely to meet national developmental goals and global demands, support
critical discourse and creative thinking, and support the advancement of all forms of knowledge
(Department of Education, 1997; Lange, 2012; Resale, 2019). However, educators and policy
makers have come to a consensus that the ability of engineering, technology and technical
education to provide such training needs to be promoted and improved (Katehi et al., 2009;
Parashara & Parashar, 2012). This study focuses on development of technical, technology and
engineering education in universities, polytechnics, institute of technology and at technical
college level for the purpose of producing competent engineers, technologists and technicians
who work at industries in Nigeria.

Engineering Education

Conceptually, the Board of Engineers, Malaysia (2003) and S6nmez (2014) proclaimed that
engineering education programs are expected to instil in students the ability to apply
mathematics, science and engineering science in the design, operation and improvement of
systems, machines and processes to meet desired needs; conduct experiments; analyse and
interpret data; identify, formulate and solve engineering problems; understand and resolve the
environmental, economic, societal implications of engineering work; engage in lifelong learning
and professional development, and act under the ethical principles of the engineering
profession. According to the Board of Engineers, Malaysia (2003) and Cheshier (1998),
engineering education focuses on the conceptual and theoretical aspects of science and
engineering which is aimed at preparing potential graduates for the practice of engineering in
research, development, and conceptual design functions. Though scientific and technological
knowledge and skills are available in engineering educational programs, engineers are expected
to be equipped with the capability necessary to participate in research, develop functional
devices, structures or processes, design work, production and testing, sales, management,
consulting and teaching and also framing the curricula of engineering programs (Eide et al.,
2008; Sonmez, 2014; Wickert, 2006). Similarly, participation in engineering programs at
university and college level helps to improve a student’s level of ability to apply mathematical
reasoning within the design process (Akins & Burghardt, 2006; Gomez-Zwiep, 2016).
Meanwhile, an educational program similar to engineering education is technology education.

Technology Education

Technology education programs at university and college level are designed to prepare
students in grasping knowledge of system and their components, technical operations and
actions, functions of technical systems and processes, consequences for the individual, and the
history and development of technology (Graube, 2005, Lindstrom, 2005). Technology education
aims to develop in students the creative, imaginative, technical and practical expertise needed
to solve real and relevant problems confidently, and to participate effectively in technological
world; build and apply a collection of knowledge and skills via manipulation of materials and
tools with techniques to design and make high-quality prototypes and products for a wide
range of users; and critique, evaluate and test their ideas and products (Ankeli, 2019,
Department for Education, 2013, James et al., 2015). Generally, technology education instils in
students the ability to know and understand technical systems and processes (structural,
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functional, societal, historical, ecological, economic, aesthetic qualities of a system etc.), ability
to manage technical systems (including all forms of operations: design, production,
management, removal from operation, recycling technical systems), and ability to assess and
evaluate the social, human and environmental impact of technical products, systems and
processes (Schlagenhauf, 2005). Graube and Theuerkauf (2005) stated that technology
education is designed to enable students be part of the process in which a world undergoing
technical change has to be given shape, be capable of responsible technical action, cope with
technological /practical requirements encountered in our daily lives and on the job, understand
the principles of technical systems, and be able to use their basic technical understanding to
decide in favour of technical professions. Technology education primarily emphasises the
analysis, application, implementation, and improvement of existing technologies and is aimed
at preparing prospective graduates (technologists) for the practice of engineering closest to
product improvement, manufacturing and engineering operational functions (Board of
Engineers, Malaysia, 2003; Cheshier, 1998). Similarly, technology education aims at producing
graduates (technologists) who understand how conditions of production, society, the physical
environment, and the requirements of life are changing (Blomdahl, 2005).

Technical Education

The Federal Government of Nigeria, FGN, (2004), Jonathan and Monday (2017), Magaji (2015),
McCrone et al., (2015) and Winer (2000) define technical education as the study of
technologies and related sciences and acquisition of practical skills, attitudes, understanding,
work habits and knowledge that enables the learners to gain employment and perform
effectively in employment on a valuable and productive basis. Okoye and Arizona (2016) and
Uwaifo (2009) submitted that technical education is the training given to students to become
technically oriented personnel who are to be the initiators, facilitators and implementers of the
technological development of a nation. The purpose of technical education is to prepare youth
and adults for careers in a wide array of high-wage, high skill, high-demand fields (Association
for Career and Technical Education (ACTE), 2014; Hernandez-Gantes, 2016). Technical
education prepares people for entry into recognized occupations at a higher level but usually
lower than the first degree (Okoye & Arizona, 2016).

Engineering, technology and technical education are designed to train students in classrooms
and workshops/laboratories for their specific career major (Altalbe, 2018; Yekinni and
Ogbuanya, 2025). Specifically, engineering, technology and technical education are typically
offered at the institutes of technology, polytechnics, universities, local community colleges,
trade centres or technical colleges (Odo et al., 2017), leading to the turning out of engineers,
who design the system and process, technologists, who use scientific and practical knowledge
to implement design and change design into product, and artisans and technicians who install
and maintain the product and are conversant with engineering related ethics (Felder et al.,
2000; Ogbuanya & Yekinni, 2019; Zambwa et al., 2018) and who can gain employment mostly in
industries, an establishment or become an entrepreneur (The Institution of Engineers,
Australia, 2002; Okoye & Arizona, 2016; Momo, 2012).

The training given to engineers, technologists and technicians can either be on-the-job/ in-
service training, which implies current and existing industrial service personnel undergo further
training; placements; mentoring activities; attending trade shows; visits; competitions),
manufacturer training (for better performance and career/professional growth and
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development) or off-the-job/pre-service training, learning at college or with the learning
provider. (Lucas & Spencer, 2015; McCrone et al., 2015; Ciraso-Cal et al., 2016). By implication,
professional engineers focus on the design and development of products, or systems;
engineering technologists are inclined to apply engineering output in manufacturing and
production line (Board of Engineers, Malaysia, 2003; Cheshier, 1998; Sonmez, 2014).
Meanwhile, engineering technicians are expected to have relatively practical understanding of
theoretical principles and be proficient in applying relevant skills and techniques for carrying
out installation, maintenance and repair activities in industries or an establishment (Francois,
2005; Ibezim, 2011; Ogbuanya & Yekinni, 2019; Ohanu & Ogbuanya, 2014; Zambwa, 2018).

Challenges Facing Engineering, Technology and Technical Education Institutions
Engineering, technology and technical education graduates of the present day are
commissioned to solve the problems of a future world that faces a rapidly increasing and more
critical than ever set of challenges (Atman et al., 2010; Korkmaz et al., 2018). Okoye and
Arizona (2016) and Umunadi (2013) explained that training of engineering and technical
personnel in most institutes of technology, polytechnics, universities, local community colleges,
trade centres or technical colleges in Africa, including Nigeria, have witnessed many challenges
such as a curriculum that has little or no relationship with workplace and social needs,
inadequate facilities and poor staff training among other things. Similar evidence upheld that
Zimbabwe, Malawi and Tanzania have identified inadequate learning facilities, absence of
school-industrial synergies and ineffective curricula among other constitute problems facing
educational institutions struggling to produce competent graduates (Lemo & Olakotan, 2016;
Olakotan & Lemo, 2019; Woyo, 2013; Anangisye, 2008). Similarly, Chattopadhyay (2020)
expressed that educational institutions globally, including Nigeria, face significant challenges - a
function of tectonic shifts and technological disruption in the techno-socio-economic landscape
and digital revolution frequenting in industries which causes professionals to find themselves
becoming irrelevant in their career, professional and occupational areas.

Meanwhile, experts claimed that educational changes must be kept up with new technologies
and changes in industrial requirements (Kline, 1992; National Academy of Sciences, 2005).
Similarly, experts asserted that educational institutions through their academia should work
with industries to produce and align curricula with real-world needs, up-skill workforce and
ensure engagement with ongoing changes (Carminati et al., 2025; Yoto, 2017). To cultivate and
synergize Industry 5.0 knowledge and skills into education and training programmes, there is
need to revise current teaching and training programs (Carminati et al., 2025) and incorporate
technologies such as artificial intelligence and machine learning etc. into Industry 5.0
applications to tailor the educational experience for learners in education programmes (lkenga
& van der Sijde, 2024). Scholars expressed that amidst the ever-changing work milieu, there is a
need for educational reforms focusing on improved career readiness nationally and
internationally (Hernandez-Gantes, 2016; Stone, 2013) in which schools have to provide
learning experiences in areas like digital skills, numerical competencies, scientific and
technological know-how, entrepreneurship, machine learning, data analysis, artificial
intelligence, programming among others that can make students fit in their occupational area
after graduation (Galvao et al., 2017; European Parliament and Council, 2006; Ramadhani,
2017). Engineering, technology and technical education graduates are naturally expected to
possess a number of integrated skills (Korkmaz et al., 2018). Therefore, there should be a
cordial relationship between the quality of graduates produced and supplied by educational

203



Design and Technology Education: An International Journal

institutions and the need/demands of the industries for the purpose of bridging the need gap of
skill labour (Priyowirjanto, 2001; Yoto, 2017). Thus, experts highlighted urgent needs to re-skill
professionals such as engineers, technologist and technicians in the Industry 5.0 era and to
make the transition of students from school to industry smoother and less traumatic by re-
booting and making the curriculum, pedagogy of teaching/learning and faculty members more
relevant to the world of industry and commerce (Chattopadhyay, 2020; Moss, 1990; National
Academies of Sciences, Engineering, and Medicine, 2018). Thus, this article focuses the
development of a model for redesigning the academic program of study in the Nigeria
educational institutions (institutes of technology, polytechnics, universities, local community
colleges, trade centres or technical colleges) for the production of competent engineers,
technologists and technicians who are proficient to adapt to an Industry 5.0 technological shift.

Curriculum would include components such as the rationale for the program, conceptual and
contextual knowledge structures, learning outcomes, teaching and learning activities,
assessments, level descriptors and graduate attributes etc, that would address the knowing,
doing and being imperatives of a graduate (Scholtz, 2013). Nkomo (2000), Scholtz (2013) and
Wattanbarger and Skaggs (1979) proclaimed that curriculum is virtually every aspect of the full
education system. If the curriculum becomes obsolete and antediluvian due to technological
and industrial changes, it must be revised. Similarly, experts upheld that to keep pace with the
rapid evolution of technology and knowledge explosion, to cope with shifting social
expectations, to make students relevant and provide them with the current development in
practices and theories, to produce self-directed learners, critical thinkers and workers who will
be able to work in a team and contribute to the entire development, it is imperative that the
curricula of the discipline are reviewed and renewed regularly (Carew & Cooper, 2008;
Mclnerney, 1998; Ramadhani, 2017; Resane, 2019). This is because experts expressed that
curriculum needs regular revision, reform and renewal to ensure that the needs of learners are
adequately addressed (Meliani et al., 2021; Resale, 2019; Supriani et al., 2022), meet the
constantly changing training needs that keep up with technological change and industrial
development in every engineering, technology and technical educational institution,
maintaining the current quality of educational programs and meet up with the current
demands of culture, society, industries and the expectations of the population it is serving
(Carew & Cooper, 2000; Johnson, 2001; Subasubani, 2016).

Thus, the fundamental step for the development of engineering, technology and technical
education programs in the Industry 5.0 era, is the revision and improvement of a curriculum to
make it more relevant, current and improve the supply base of employable candidates to
industry (Ramdass, 2012). Guan and Lu (2012) and Lu et al., (2013) expressed that it is essential
to understand industrial needs, design a curriculum that has qualities to bridge the need gaps,
and cultivate human resources to meet these needs. Changes in technology and industrial
expectations, due to the advent of Industry 5.0, called for urgent recurriculation and
overhauling of engineering, technology and technical education qualification framework with
the view of meeting the needs of 21st century educational programs that are more responsive
to the socio-economic development of our society (Forbes, 2006; Johnson et al., 2012; Lu et al.,
2013; Okoye & Arizona, 2016; Ramdass, 2012; Schultz, 2013). This will also respond to the
demands of national and global policies, goals and objectives and to the requirements of higher
educational institutions, industries, professional bodies and general economy (Schultz, 2013).
Similarly, Sonmez (2014) opined that engineers, engineering technologists and engineering
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technicians should acquire more comprehensive trainings that will enable them to adapt to and
adopt technological innovations, and to successfully participate in a globally competitive
business world via restructuring engineering, technology and technical education programs and
curriculum. Thus, the process of restructuring the curriculum, is Recurriculation.

Recurriculation of Engineering, Technology and Technical Education Programs
It is good to acknowledge that nearly all the studies consulted online or offline on
recurriculation of academic programs were conducted and reported from South African
educational institutions. Conceptually, recurriculation is a curriculum transformation which
represents a strategic effort to advance technical, technology and engineering education
programs with an aim to prepare graduates who are proficient to adapt with Industry 5.0
technology (Harden, 2001). Recurriculation of engineering, technology and technical education
programs, which are synonymous with curriculum revision, refers to modification or re-
adjustment of existing curriculum to produce modern and appropriate objective, content, and
process driven curricular that support the maintenance of the quality of engineering,
technology and technical education programs and production of graduates who can flourish in
their chosen profession (Burgess, 2004; Carew & Cooper; 2008, Ramdass, 2012; Schultz, 2013).
Recurriculation is the establishment of a new curriculum that addresses the number of
weaknesses of the existing curriculum (Council on Higher Education, 2013) and refining the
curriculum to better address the needs of industry and society at large (Van As et al., 2016).
Recurriculation includes the introduction of a new learning experience in which its purpose,
outcomes, field of study, mode or site of delivery have changed significantly to comply with
both industrial, technological and societal demands (Resale, 2019). Pressure exerted on
institutions of learning to enhance students’ learning and train future workers who possess
necessary skills and knowledge needed to engage actively in industry, adapt to new technology
such as robots in industries and necessitate recurriculation of engineering, technology and
technical education programs in Nigerian institutions (Prochario-Foley, 2017; Resane, 2019).

Recurriculation of engineering, technology and technical education qualifications frameworks
will undoubtedly translate to the production of highly qualified and competent graduates -
engineers, technologists, artisans and technicians - who are better prepared to meet the
challenges of a constantly changing workforce in Nigeria and by extension promote rapid
industrialization and economic growth of national and global society (National Academy of
Sciences, 2005; Okoye & Arizona, 2016). Recurriculation is necessitated by the need for genuine
curriculum change that demands a deeper enquiry into the kinds of knowledge, skills, values,
attitudes and beliefs that can meet and respond to Industry 5.0 demands in Nigeria (Jansen,
2012; Resane, 2019). Evidence upheld that key drivers of the Future Work Skills in engineering
and technology, especially in Nigeria, include a computational world of Al and big data, super
structured organization, increase of smart machines and systems, new media ecology, and a
globally connected world (Institute for the Future, 2015; Hadgraft, 2017). Thus, the advent of
mechatronics, smart/innovative technology, Nano-technology and sustainable development
(greening) technology which are the components of Industry 5.0, have forced experts in the
field of engineering and technology — Electrical/Electronic Engineering (Technology),
Mechanical Engineering (Technology), Building and Civil Engineering (Technology), Chemical
Engineering (Technology), etc. - to embark in the universities and colleges on the revitalization
of their curriculum. Specifically, metalwork, auto mechanic technology and mechanical
engineering are introducing elements of mechatronics into the program of undergraduate and
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postgraduate students. This is helping mechanical engineering students to gain more
knowledge and skills relating to the design, development and application of robots in
industries. Electrical/Electronic engineering accepts programming languages, cyber security,
nanotechnology and its application, and greening technology into the program. Similarly,
chemical engineering introduces students to the application of nanotechnology, chemical plant
design and fractionating columns, and application of electronic equipment and devices in the
chemical engineering laboratories, such as spectrophotometer (for microbial counting),
centrifuge machines (for the separation of liquid components), electronic ampoule/ampule
(ceiling of chemical sample for storage and preservation purpose etc). These changes bring
about the recurriculation of academic program in the field.

Postmodern Curriculum Theory

Globally, technology and industry are undergoing post-modernisation — an idea for referencing
a world without stability, where knowledge is constantly changing and change is the only
constant (Boboc, 2012; Nadrag & Buzarna-Tihenea, 2015). Thus, William Doll, the prominent
American curriculum theorist proposed a postmodern curriculum theory to address the
continuous changes in knowledge and skills demanded by employers due to industrial
revolution and technological changes to equip the prospective workforce of industries. The
article adopted postmodern theory since the article focused on the changes in knowledge and
skill that may exist as a result of migration from Industry 4.0 to Industry 5.0.

Postmodernists (Doll, 1993; Gang, 2015; Lau, 2001; Lixin, 2004; Negroponte, 1995) suggested
the 4R’s - Richness, Recursion, Relations, and Rigor - as criteria for the recurriculation of
engineering, technology and technical education programs. Conceptually, Richness of
curriculum entails quality of curriculum instead of quantity (Lixin, 2004). Lixin (2004), and
Whitehead (1967), argued that curriculum content should be few and crucial. Richness
according to Smitherman (2005), and Schultz (2013), stands on the premise that curriculum is
revised to enrich its content, knowledge, skill and attitude and to be inculcated to make it fit,
be relevant and pertinent to technological and industrial changes in the Industry 5.0 era.
Recursion here revealed that recurriculation of an existing academic program (curriculum)
occurs to transform and change the existing curriculum to one that can promote and support
new/current experience, skills and knowledge and, by extension, foster genuine creativity in
students iteratively by using the current curriculum as a basis for the formation of a new
curriculum (Smitherman, 2005; Schultz, 2013). Here, the existing curriculum is revised and
changed considerably to produce new curricula to maintain the stability of the existing patterns
but with changes in variables (Doll, 2013; Godden, 2014). This includes those elements within
the new curriculum — the matrix or network which gives new curriculum richness and, those
outside school, a large matrix within which the curriculum is embedded (Doll, 2013; Doll, 1993).
Lau (2001), Doll (1993) and Doll (2013) stated that relationships might be pedagogical
relationships (interactions among the curriculum structure) or cultural relationships
(interactions among the curriculum with the local as well as global context). Technology and
industry are ever-changing, ever-shifting and dynamic, hence, affecting how curriculum is
constantly shaped and structured. Finally, Rigour means that recurriculation must involve
critical analysis and examination of content, knowledge, skills, attitude and competence to be
embedded in a new curriculum to determine its relevancies and fitness, and address
technological and industrial change (Smitherman, 2005; Schultz, 2013).
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Figure 1: Recurriculation model

The model above depicts that for appropriate recurriculation to occur, curriculum Review
Committees are formed, which include engineering educators, policymakers, industrial
employers- educational researchers, etc who are responsible to extract and use some of the
relevant knowledge, skills and attitude from the old/existing curriculum, and technical or STEM
skills, soft skills, occupational skills, and cognitive skills, knowledge and attitude due to
technological and industrial changes as input for stating the objectives of new curriculum and
for producing new curriculum for institutes of technology, polytechnics, universities, local
community colleges, trade centres or technical colleges. Thus, the new curriculum will be used
to train the students in the classroom and well facilitated workshops/laboratories through
qualified teachers using appropriate pedagogical methods. This is mainly to produce qualified
and competent graduates who will conveniently work in Industry 5.0.

Phases for the Recurriculation of Engineering, Technology and Technical

Education Programs.

The process of recurriculation, as reported by Aguokogbuo (2000), Katehi et al., (2009), Okeke
(1981), Starbuck (2016) and Supriani, (2022), includes: constant brainstorming, reviewing,
analysis and evaluation of existing engineering, technology and technical education programs
and societal needs, identification of aspects of the program to be revised, involving all
concerned with the planning, development and interpretation and implementation of
curriculum, development of curriculum content, skills, tasks and trade, and production of actual
curriculum materials and production of curriculum packages. Thus, after reviewing a number of
published works, the phases of recurriculation of engineering, technology and technical
education programs is addressed in the chronological order as follows.
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Senior management brainstorming and reviewing Industrial's needs
Openness to Change

In deciding to embark on curriculum renewal, innovation or review in engineering, technology
and technical educational programs, it is vital to consider the readiness of the academics,
instructors and other actors for change (Carew & Cooper, 2008). Here, academics should
willingly accept the changes to prevail or accept the changes to take place in the educational
system before any curriculum review can be successfully done in engineering, technology and
technical education programs. Experts revealed that the ultimate requirement for curriculum
innovation is the creation of a culture of openness to change and wiliness to adapt to new
technology and work process (Jackson, 2002; Ikenga & van der Sijde, 2024; Schultz, 2013;
Wattanbarger & Skaggs, 1979). Academics and other actors who have undertaken recent
curriculum change may be suffering from change fatigue and have inadequate resources of
patience and enthusiasm to participate in more change (Carew & Cooper, 2008). The openness
to change will create more eagerness to participate in the recurriculation process. Similarly,
changes in educational structure and individual functions and responsibilities are likely to occur
if curriculum changes are accepted among academics in educational institutions. Openness to
change includes the willingness to be part of a curriculum review committee, readiness on the
part of engineering, technology and technical educators to take part in professional
development that may enable them to teach new courses/subjects in the classroom or
workshops/laboratories effectively, and readiness, on the part of engineering, technology and
technical education workshop instructors to undergo training on how to operate new
equipment and carry out new task/activities in the laboratories/workshops. For instance,
automobile lecturers and instructors may be trained on how to use automobile diagnostic
scanners while mechanical engineering lecturers and instructors may be trained on how to
handle Finite Element Analysis (FEA) software, Computer-aided design, and Computer
Numerical Control machine among others.

Formation of Curriculum Revision/Recurriculation Committee

Aguokogbuo (2000), Beane, Toepfer and Alessi (1986), Irons, Holm and Annandale (2017),
Johnson (2001), Katehi, Pearson and Feder (2009), Ozdemir and Heim (2018), Schneider and
Rivet (2000), Spang (2014), llkiw et al. (2017), Isabel and Stewart (1935), Wattanbarger and
Skaggs (1979) expressed that the task of recurriculation is conducted by and committed to the
hand of various concerned experts and stakeholders of a Curricular Review Committee. This
committee includes engineering/technology educators, policymakers, industrial employers-
financial investors, industrial engineers, smart factory entrepreneurs, content experts and
information and communication technology (ICT) experts- educational researchers, curriculum
experts and cognitive scientists and others concerned about the development of the country’s
technical workforce will also find much to ponder. Committees consist of an assortment of
field-relevant work representatives and the academic staff of a department who decide upon
curriculum issues so that the academic courses are more closely aligned with what work wants,
and to changes that are occurring in the industry (Garraway, 2007). Curriculum
review/recurriculation committees are charged with the responsibility to conducts a series of
workshops to identify new institutional goals, aims, objectives and philosophical statements,
technical and non-technical skill sets, deliberate on the lack and needs of the existing
curriculum, determine the extent of changes to be done on existing curriculum by determining
and selecting the irrelevant knowledge, skills and competences to be removed or identify the
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new skills that could be added to the curriculum and come out with new curriculum that is in
alignment or matches with the latest technological and industrial development (Aguokogbuo,
2000; Irons et al., 2017; Spang, 2014; Thanikachalam, 2015). The function of this committee
also includes the identification of problems, issues, and concerns of the previous
engineering/technology-related curriculum and use the information obtained to come up with
a better curriculum that addresses the needs of fast-growing industries (llkiw et al., 2017). The
committee of experts will identify the trades in engineering and technology fields, roles/job
description, activities and tasks required in each trade and competences, skills and knowledge
needed to perform the tasks. Committees will set the time limit for knowledge and skill
acquisition and decide on orderliness of skill acquisition and its arrangement on the curriculum.

Development of Outcome Statement

Program Outcome Statements are statements that accurately describe what students from a
engineering, technology and technical education academic program will be able to do at the
point of graduation (Carew & Cooper, 2008). This phase includes the establishment of rationale,
philosophical, general and institutional outcome statements, core values, guiding principles,
and learning outcome statement that addresses core and specific knowledge, competencies,
skills and attitude that are relevant and fit for the industry 5.0 (Aguokogbuo, 2000, Beane,
Toepfer & Alessi, 1986; llkiw et al., 2017; Taba, 1962). Golby (1977) and Beane, Toepfer and
Alessi (1986) stated that curriculum goals imply statements of preferences, values and
judgments about the directions which engineering, technology and technical education
activities might focus. Meanwhile, specific objectives reflect short or immediate purpose
involved within a particular classroom/laboratory teaching and learning activities (Beane et al.,
1986). Irons, Holm and Annandale (2017) stated that at this stage, curricular review committees
finalize the general and specific objectives and outcomes of the engineering, technology and
technical education academic programs. The sample of program outcomes could include, at the
end of an academic program, graduates should be able to:

1. demonstrate knowledge, understanding, and proficiency regarding the selection and
choice of appropriate smart tools, equipment and materials in design and construction
of functional electronic circuits safely,

2. select and use appropriate electronic tools, equipment and material in the repairing and

maintenance of electronic equipment and appliances,

design a functional miniature circuit

write a functional algorithm for the design of robot.

design simple robot using appropriate materials and equipment

carry out crystallization, filtration and evaporation processes safely using appropriate

methods, materials and equipment.

7. use Finite Element Analysis (FEA) software to perform structural analysis on stresses and
deflections in complex structures.

8. handle Computer-aided design for the creation, modification, analysis, or optimization
of design.

9. design roads for light vehicular traffic, taking into account vehicular loading, existing
ground properties, local environmental conditions, and local availability of road building
materials, machinery, labour and expertise (Carew & Cooper, 2008).

ou kW
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Development of content

Curriculum committees reflect on the contents of a curriculum to ensure that it meets the
demands posed by technological and industrial changes, and the unique context of the country
- Nigeria (Council on Higher Education, 2006; Steyn et al., 2012). Here, the curriculum
committee decides on what should form the learning experience of engineering, technology
and technical education students and how such can be arranged, structured or mapped using
program outcome statements as a guide. This involves identification and definition of required
experience that can help to develop the required skills, knowledge, behaviour, competencies
and attitude needed to gain employment in industries (Beane et al., 1986). Colin (2009), and
Walker (2003) argued that curriculum should include content that may be depicted in terms of
concept maps, topics and themes. Golby (1977), Olaitan (2003), World Health Organization
(2019), Starbuck (2016) stated that this stage includes the addition and formation of relevant
programs, topics, course structure and method, scope, sequence, or modules to suit the ideas,
knowledge, skills, attitudes and competencies expected from engineering, technology and
technical education graduates to gain employment, and function productively in industries. This
also includes the establishment of laboratories/workshops, tasks/activities, classroom
tasks/activities, library, specification of kits, resource units, text and other teaching and learning
materials that support the knowledge and skills to be acquired by students of engineering,
technology and technical education programs (Aguokogbuo, 2000; Golby, 1977). Hlavac (2023),
The Government of Western Australia (2025) and Thanikachalam (2015) claimed that every
industry publishes the desired knowledge skills and competencies required from the employees
from time to time, hence, these should be considered as standards by the trainers for the
recurriculation of engineering, technology and technical education programs. Specifically, the
Government of Alberta (2024) identified Interpret drawings, Interpret specifications, layout
projects using drawings and/or specifications; apply applicable standards, regulations, and
codes; demonstrate safety awareness and safe work practices; select, use, and maintain
personal protective equipment; select, use, and maintain hand and power tools; demonstrate
start-up and shutdown procedure of oxyfuel equipment, use oxy-fuel equipment when cutting
metals, and use oxy-fuel equipment when heat straightening metals among others as
competencies required to train an Ironworker Metal Building Systems Erector.

Pedagogy

Pedagogy is the art of arranging teaching and learning processes to achieve specific learning
outcomes among learners (Coral, 2009). This involves an arrangement of learning methods and
techniques that engineering and technology teachers, trainers and instructors adopt during
teaching and learning situations in classrooms and laboratories/workshops. This is the
implementation period where skills, knowledge and attitude are arranged and taught to
students both in the classroom and workshops/laboratories. The teacher, before training,
states achievable and specific objectives. Then, teachers use objectives as a guide in delivering
the contents of instruction in the classroom and laboratory using appropriate methods and
techniques and teaching aids. The methods that are often used by engineering and technology
educators and instructors during classroom and workshop teaching and learning activities
includes: bringing an expert to teach in the classroom or workshop, guiding students to practice
specific tasks inside the workshop, hands-on learning, feedback which promotes learning, real-
world problem solving, one-to-one coaching and mentoring, competing against the clock, and
seamless blending of online and face-to-face learning (Lucas & Spencer, 2015; McCrone et al.,
2015).
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Professional Development

Engineering, technology and technical education teachers and instructors educate and train
male and female youths within the institutes of technology, polytechnics, universities, local
community colleges, trade centres or technical colleges level, who are or will become
employees of industries in Nigerian society (National Academy of Sciences, 2005). The
knowledge and skills that teachers/ laboratory instructors require to carry out their duties
change with new challenges and shifts of technology and industrial revolutions (Okeowo, 2009).
Thus, as educational programs evolve to meet the changes in technology, markets, and societal
needs, faculty members must be trained on new teaching and learning techniques as well as
new technology and essential professional skills that their students will encounter in the
workplace (National Academies of Sciences, Engineering, and Medicine, 2018). This is because,
Chai et al., (2017), Goksiin and Kurt (2017), Kennedy et al., (2022) and Wagiran et al., (2019)
stated that improving the skills for teaching and learning processes among teachers are vital for
improving the integration of new technologies in technical, technology and engineering
education programs to enhance the attainment of educational objectives. Aguokogbuo (2000),
Golby (1977) and Subasubani (2016) reported that the need for continuous pedagogy and
didactic training and retraining of engineering, technology and technical educators could not be
underestimated, because delivery methods of lessons are as critical as the level of knowledge
of the subject the trainer has. A lack of teacher preparedness and further training among
technical, technology and engineering education teachers and instructors poses a serious
challenge on them to shifting from traditional teaching methods to modern ICT-based teaching
methods (Edwin & Stela, 2016; Carr et al., 2018; Kennedy et al., 2022). Thus, experts supported
that the educators and instructors who are tasked with the responsibility of implementing
curriculum in Nigeria need to attend professional development sessions to teach engineering,
technology and technical education related subjects efficiently (Katehi et al., 2009). This makes
them continuously fit and relevant in the implementation of new changes in curriculum and by
extension, makes them qualify to foster genuine creativity in students (Okeowo, 2009) and
produce graduates that will be accepted in industries.

Eggen and Kauchak (2006), Kipper and Riitmann (2013), Gess-Newsome (1999) and Shulman
(1987), reported that during professional development, at least four different forms of
knowledge are essential for technical, technology and engineering educators while teaching for
understanding:

Knowledge of content — this means a thorough understanding of the topics and subjects taught
by teachers in all content areas. Foster (2020) stated that Subject Content Knowledge include
understanding the substantive and syntactic structures of concepts, principles and, ultimately,
facts of any given subject area. For instance, electrical/electronic engineering/technology/
trade teachers should have deep knowledge of electrical/electronic components, have ability to
use measuring devices and equipment such as multimeters, oscilloscopes, clamp meters,
vectorscopes, tachometers, and chronometers, and build a circuit among others.

Pedagogical content knowledge — this includes the ability of teachers to create examples,
understanding of ways to represent subjects that make it understandable to students and
knowledge of what makes the learning of specific topics easy or difficult (Atkins, 2025;
Shulman, 1986; Shing et al., 2015). It also includes ‘blending of content and pedagogy into an
understanding of how particular topics, problems, or issues are organized, represented, and
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adapted to the diverse interests and abilities of students and presented for instruction. This
includes appropriate adoption of teaching techniques and strategies to deliver content of
instruction. For instance, engineering/technology/trade teachers or instructors may use
demonstration method in teaching product design, construction and analysis in
laboratories/workshops. However, explanation method may be applied to clarify the concepts
theories and principles of particular topics.

General pedagogical knowledge — this implies understanding of general principles of instruction
and classroom management that transcends individual topics or subject matter areas. Similarly,
teachers with this knowledge should be able to communicate clearly, provide effective
feedback, and use other strategies that make teaching in classrooms and laboratories more
meaningful. The knowledge may help the engineering/Technology/trade teacher to arrange the
classroom and laboratories appropriately prior to the commencement of the teaching and
learning instruction, have background understanding of students and adopt appropriate
strategies to assess students’ level of instructional achievement (Weyers et al., 2024).

Other categories of teacher knowledge include curriculum knowledge, knowledge of
educational contexts, and knowledge of educational ends, purposes and values. (Shulman,
1987).

Implication of the study

This article synthesized the scholastic opinions and reports of the previous studies on
recurriculation of engineering, technology and technical education programs for adopting
Industry 5.0. The article has implications on educational stakeholders, specifically STEM
educators, school administrators, policy makers and governments. The article exposes
educational stakeholders - educators, school administrators and policy makers to historical
trends of industries. The article informs the educators, policy makers and government of the
current industrial era that these are features and qualities of the era. This will help the
educators to engage in training that will make them fit for the changes, encourage government
to offer necessary supports and adequate funds to equip the schools and training the teachers
to cope with changes appropriately, and stimulate policy makers to enact favorable polices that
will promote adequate adjustment to the current industrial era. The article will inform teachers,
school administrators and government on the needs for the recurriculation of existing/current
educational programs and inform them of steps/phases of recurriculation of existing/current
educational programs. This will help them to understand the roles expected of them during the
recurriculation process.

Conclusion

The advent of Industry 5.0 was accompanied by new requirements, new roles and new tasks.
These make the knowledge and skills possessed by industrial workers stand obsolete and, by
extension, make them irrelevant and unfit for industrial jobs in this era. This is because the old
knowledge and skills they possessed could no longer be useful in industries these days.
However, this article presents Industry 5.0 in a holistic form, establishing the need for
knowledge and skills in the Industry 5.0 era. The article conceptualized engineering, technology
and technical education, and the challenges they are facing in addressing Industry 5.0. The
article conceptualised recurriculation of engineering, technology and technical education and
finally, detailed phases of recurriculation in engineering, technology and technical education.
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The recurriculation, if accepted by engineering, technology and technical education
administrators in the universities and colleges of engineering and technology globally, will
promote the turning out of graduates who are competent and qualified to work conveniently
with robots in industries.
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