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ABSTRACT

This paper explores the diversity of final year product design projects completed from 2007 through to
2026 at Bournemouth University. By analysing approximately 450 projects, we examine not only the
technical and creative breadth of topics but, crucially, the diversity of users and communities for whom
students are designing. Are products primarily aimed at mainstream consumer markets, or do they
increasingly address the needs of underrepresented groups such as ageing populations, people with
disabilities, or marginalised communities? Through thematic coding of project briefs and outcomes, we
map trends in inclusivity, empathy, and social impact within student-led innovation. The paper considers
how this diversity of design focus reflects broader societal shifts and the growing recognition of design
as a force for equity and wellbeing. We also discuss the implications for how future designers may shape
more inclusive and sustainable practices within industry. In reflecting on whether these projects
challenge conventional market priorities or reinforce them, the study highlights the role of education in
expanding students’ perspectives on who deserves to be designed for. Ultimately, the paper argues that
encouraging greater diversity in project focus not only enriches the learning experience but also holds
the potential to influence the future trajectory of product design, steering it towards more socially
responsive and equitable outcomes.
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1 INTRODUCTION

Product design has historically centred a particular kind of user: able-bodied, economically empowered,
geographically privileged, and culturally normative. While the rhetoric of user-centred design has long
been embedded in educational and professional discourse, the question remains: which user is centred?
Who is imagined, prioritised, and legitimised within the pedagogical structures that shape future
designers?

This paper explores these questions through a longitudinal analysis of final year product design projects
in which we examine not only the technical and creative range of topics but, crucially, the diversity of
users and communities for whom students are designing. The final year project represents a significant
moment in undergraduate design education: it is often the most self-directed, research-led and personally
meaningful body of work that students undertake. As such, it offers insight into both the values
embedded within the curriculum and the socio-cultural priorities students perceive as legitimate design
concerns.

The study asks: Are projects primarily aimed at mainstream consumer markets? Do they increasingly
address the needs of underrepresented or marginalised groups? How have patterns of user focus shifted
over two decades? What does this reveal about the evolving relationship between design education and
equity, diversity and inclusion (EDI)?

By mapping changes in user diversity and contextual awareness, the paper explores how design
education may contribute to broader transformations in the discipline’s social orientation. Ultimately,
we contend that encouraging diversity in project focus not only enriches the student learning experience
but may also influence the future trajectory of product design practice, steering it toward more inclusive
and socially responsible outcomes.
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2 DESIGN, POWER AND INCLUSION

2.1 The “Default User” and Normative Design

Design is never neutral. As scholars such as Winner [1] and Norman [2] have argued, technologies and
products embody assumptions about users. Historically, many everyday objects—from medical devices
to transport infrastructure—have been designed around a normative body and lifestyle, often
marginalising those who fall outside this imagined centre.

The concept of the “default user” refers to this unexamined baseline: frequently able-bodied, male,
economically secure and located in the Global North. Such normative design frameworks can perpetuate
structural inequalities by rendering other users as exceptions rather than central stakeholders. From an
EDI perspective, normative design education risks reproducing structural exclusion when standards of
“good design” are implicitly aligned with dominant cultural and bodily norms. Dolmage [3] highlights
how ‘academic ableism’ operates through institutional expectations, assessment practices and
disciplinary cultures that privilege able-bodied, neurotypical and culturally dominant perspectives,
thereby shaping what kinds of design projects are recognised as valuable or legitimate within design
education.

2.2 Inclusive Design, Universal Design and Design Justice

Inclusive Design and Universal Design have sought to broaden participation and accessibility. Inclusive
Design emphasises designing for the widest possible range of users, particularly those at the margins,
while Universal Design promotes environments and products usable by all without adaptation.

More recently, Design Justice [4] has pushed the conversation further, foregrounding power,
participation and structural inequity. Rather than merely accommodating difference, design justice calls
for centring those most impacted by systems of oppression in design processes.

These frameworks are particularly relevant in educational contexts, where students’ understanding of
who “counts” as a user is being formed.

2.3 Design Education and Value Formation

Design education plays a formative role in shaping professional identity. Studio culture, project briefs,
assessment criteria and tutor expertise all contribute to what can be described as the “hidden
curriculum”—the implicit values conveyed through practice. Building on the work of Rossi [5],
contemporary design education increasingly positions EDI not only as a curricular topic but as a value
system embedded within studio pedagogy, assessment culture and project framing. This perspective
supports the interpretation of final-year projects as expressions of how students internalise or challenge
institutional values around equity, diversity and social responsibility in design practice.

Final year projects, typically self-initiated, provide a lens through which to examine how students
interpret design responsibility. They reveal not only personal interests but also the boundaries of what
is considered legitimate or valuable design work within a programme. This study therefore positions
final year projects as artefacts of educational values, offering insight into how EDI principles manifest
in practice over time.

3 METHODOLOGIES

3.1 Research Design and Sampling Strategy

This study adopts a longitudinal, retrospective content analysis of final year undergraduate product
design projects at Bournemouth University. Rather than analysing every year between 2007 and 2026,
projects were sampled across three consecutive-year clusters at defined intervals in order to capture
temporal shifts while maintaining analytical depth. The sampled periods were:

e 2007-2009 (approx. 150 projects)

e 2017-2019 (approx. 150 projects)

e 2024-2026 (approx. 150 projects)

These clusters represent snapshots across the 19-year span, enabling comparison across distinct
educational, social and global contexts.

The dataset comprises approximately 450 projects in total. For each project, the primary data source was
the end-of-year degree show brochure, which included the student-authored project title and outline
description. For 2026, where final projects were still in development at the time of writing, project
proposals submitted for approval were used instead. While proposals may differ slightly from final

EPDE2026/1101



outcomes, they clearly articulate intended users and design focus, which are the primary variables under
investigation.

All final year Product Design projects within the selected years were included, except where critical
contextual information was missing.

3.2 Data Extraction and Coding Framework
Analysis focused on the declared design intention as expressed in project summaries. An inductive
coding process identified recurring patterns across four analytical dimensions:
1. Primary User Group
(e.g., general consumers, children, older adults, disabled users, occupational groups)
2. Inclusion Dimension
(e.g., disability, age, gender-specific health, mental health, global development, socio-economic
context)
3. Market Context
(mainstream consumer, niche enthusiast, clinical/medical, humanitarian, occupational,
environmental/systemic)
4. Geographic Specificity
(generic/unspecified vs explicitly contextualised region)
Projects could register across more than one inclusion dimension (e.g., maternal health within low-
resource contexts), but each project was assigned a single dominant thematic category for longitudinal
comparison. Ten overarching themes emerged through clustering of coded data:
Inclusive & Assistive Design
Age-Specific Design
Cognitive & Mental Health
Chronic Illness & Medical Management
Maternal & Gender-Specific Health
Global Development & Low-Resource Contexts
Climate & Environmental Systems
Occupational & Context-Specific Tools
9. Sport & Performance Markets
10. Lifestyle & Consumer Convenience
These themes were applied consistently across all three-time clusters to enable structured comparison.
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3.3 Analytical Approach

Following coding, projects were analysed chronologically to identify shifts in user focus and thematic
prevalence across the three sampled periods. Rather than conducting statistical hypothesis testing, the
study adopts a comparative descriptive approach suitable to educational trend analysis. Emphasis is
placed on directional change (e.g., increasing specificity of user groups, growth of condition-specific
health design, emergence of climate-adaptive systems) rather than precise quantitative modelling.

3.4 Limitations

The study relies on student-authored summaries rather than full dissertations, ethnographic
documentation or evidence of participatory engagement. As such, findings reflect how projects were
framed and communicated, rather than the depth of user involvement or real-world implementation.
Additionally, topic selection is influenced by faculty expertise, institutional priorities, global events
and prevailing discourse (e.g., sustainability, mental health awareness). The analysis therefore maps
shifts in declared design focus within an educational context, rather than attributing causality to
specific curricular interventions.

Despite these limitations, the dataset provides a rare longitudinal snapshot of how future designers
conceptualise who design is for, offering insight into evolving value formation within product design
education.

4 FINDINGS: SHIFTS IN WHO IS BEING DESIGNED FOR

4.1 2007-2009: Functional Consumer Focus

Projects in the late 2000s largely centred on domestic convenience, incremental efficiency and lifestyle
enhancement. Examples included energy-saving kettles, portable shower units, bike accessories and
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household cleaning tools. While assistive devices were present—such as mobility aids or tools for
reduced dexterity—these tended to focus on physical function rather than broader social contexts.
Sustainability projects largely addressed energy efficiency rather than systemic environmental concerns.
User groups were often described generically (“over 65s,” “homeowners,” “cyclists”), suggesting a
relatively broad and mainstream framing of design problems.

4.2 2017-2019: Expanding Inclusion and Global Awareness

Mid-decade projects show increased engagement with prosthetics, stroke rehabilitation, dementia
support and water access in low-resource settings. Projects targeting specific global regions—
Bangladesh, Tanzania, South Asia—become more common. Mental health begins to emerge as a theme,
with breathing regulators, mindfulness tools and ADHD aids appearing more frequently. The user
profile becomes more defined, and marginalised groups gain greater visibility.

4.3 2024-2026: Contextualised, Condition-Specific and Climate-Aware Design

The most recent decade shows a marked shift toward:

Dementia management systems

Neurodiversity and behavioural regulation tools

Maternal and postpartum health devices

Sensory inclusion for deaf and visually impaired users

Climate adaptation technologies

Environmental monitoring systems

Projects increasingly specify context (“under 2s in rural Bangladesh,” “MS sufferers,” “female soldiers
in field conditions”), reflecting deeper engagement with lived realities. This period also sees a rise in
condition-specific medical devices (e.g., Raynaud’s relief, insulin storage for cold climates,
chemotherapy-related devices), indicating granular attention to health diversity. Table 1 provides a
summary illustrating the shift in project emphasis over the periods under review.

Table 1. Project Emphasis Summary

Period Mainstream Condition-Specific Global/Low Climate/Systemic
Consumer Resource
2007-2009 High Low Rare Limited
2017-2019 Moderate Growing Emerging Moderate
2024-2026 Reduced High High High

5 INTERPRETING THE SHIFTS

5.1 From Consumer Convenience to Socially Situated Design

Across the sampled periods, the most significant shift is from mainstream consumer optimisation toward
socially situated and condition-specific design. Projects from 2007-2009 largely focused on
convenience, efficiency and incremental product improvement. Assistive devices were present but
typically framed in functional rather than systemic terms.

In later clusters, particularly 2024-2026, projects increasingly centre lived experience. Dementia
management, neurodiversity, chronic illness and postpartum recovery become prominent themes. The
emphasis moves from improving product typologies to improving conditions of living. Users are framed
less as abstract consumers and more as individuals navigating complex health and social realities. The
rise of invisible and chronic conditions further indicates greater specificity in identifying legitimate
design users. Rather than broad demographic categories, later projects demonstrate nuanced attention to
cognitive, behavioural and long-term health contexts.
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5.2 Expanding Context: Climate, Gender and Globality

Recent projects also reflect widening contextual awareness. Sustainability evolves from incremental
efficiency improvements to engagement with climate adaptation and environmental systems. Gender-
specific and maternal health needs become more visible, suggesting attention to historically overlooked
bodies. Geographic specificity increases, with projects more frequently identifying defined regions or
socio-economic contexts rather than generic users. This shift from market segments to situated
communities signals a broader understanding of design as embedded within social, environmental and
cultural systems.

5.3 Market Logics and Their Limits

Despite this diversification, most projects remain framed as product-based solutions operating within
existing market structures. Even socially oriented briefs are typically articulated as commercially viable
artefacts. Explicit engagement with structural inequality or overtly political domains remains limited.
While integrating marginalised users into mainstream product design may represent progress, it also
raises questions about whether product-led approaches sufficiently address systemic challenges.
Students are expanding who they design for, but implicit limits may persist around how far design can
interrogate dominant socio-economic frameworks.

6 EDUCATIONAL IMPLICATIONS

6.1 Curriculum, Studio Culture and Value Formation

Final year projects reflect value formation within design education. The observed shifts likely respond
both to wider societal discourse and to evolving curricular priorities around sustainability and inclusion.
As themes such as mental health and climate gain legitimacy, students appear increasingly motivated to
pursue them.

Studio culture and assessment structures shape this trajectory. The growing visibility of marginalised
users suggests that inclusion is no longer peripheral within the programme’s implicit value system. At
the same time, the relative absence of systemic critique highlights the need to embed critical and
structural perspectives more explicitly within the curriculum.

6.2 Limits and Future Responsibilities

If inclusive design is to move beyond trend responsiveness, it must be structurally embedded rather than
dependent on individual student initiative. This may involve integrating user-diversity criteria into briefs
and assessment and introducing tools for stakeholder and power analysis earlier in the programme.
Design education therefore carries responsibility not only for technical competence but for shaping
assumptions about who design serves and how responsibility is framed.

7 CONCLUSIONS: EDUCATION, INDUSTRY AND FUTURE PRACTICE

Across two decades, final year projects reveal a clear expansion in who is being designed for. From
mainstream consumer convenience, student work increasingly engages with marginalised communities,
invisible conditions, gender-specific health needs and climate-related contexts.

Diversifying intended users may also reflect changing market conditions, as contemporary product
markets are often saturated, making incremental innovation or aesthetic differentiation insufficient for
strong unique selling points. For final-year students, whose projects often serve as portfolio highlights
in a competitive job market, demonstrating originality is particularly important. Designing for
mainstream consumer products can risk redundancy unless supported by significant technological
innovation. In contrast, focusing on underrepresented communities, condition-specific health contexts,
or geographically defined user groups can provide clearer differentiation and stronger narrative
positioning. Engaging with niche or overlooked markets therefore supports both social impact and
strategic advantage by addressing unmet needs in crowded design sectors.

These shifts suggest that design education can influence how future designers define relevance and
value. Graduates trained to centre dementia patients, neurodivergent users or low-resource communities
may broaden professional priorities within industry. However, sustaining this trajectory requires deeper
integration of inclusive and critical thinking within curricula.

The central issue is not only who students are designing for, but how educational structures define
legitimacy and responsibility in product design. In shaping these definitions, programmes contribute to
the future orientation of the discipline itself.
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ABSTRACT

In response to socio-ecological challenges, various alternative design approaches have emerged, each
bringing a different set of pedagogical practices to pass on to future designers. One of the most recent
of these is the Low-Tech approach, characterised by the ingenuity designers demonstrate in creating
solutions within constraints. However, the capacity for ingenuity in this context has not yet been studied,
nor is there a method for assessing it. This hinders its transmission to future designers. Against this
backdrop, and within the framework of emerging teaching practices to introduce the Low-Tech
approach, this study proposes investigating and characterising two components of ingenuity as factors
in the success of a design project: the influence of handyman-engineer logics, and the self-imposition of
ethical constraints in the design process. The experiment involved tracing the evolution of these
components in students over two Low-Tech hackathons. Data was collected from students and coaches
using questionnaires and semi-directive interviews. An evaluation grid was also sent to the hackathon
jury to assess the Low-Tech characteristics of the solutions. This research aims to characterise and
evaluate the components of ingenuity in a Low-Tech context as part of an innovative educational
approach and offer initial ways to facilitate their transmission to future designers.

Keywords: Ingenuity, low-tech, education, assessment, design for sustainability

1 INTRODUCTION

In response to socio-environmental challenges, various alternative design approaches have emerged [1,
2], bringing with them a variety of pedagogical practices to pass on to future designers. Among the most
recent approaches, the Low-Tech approach [3, 4] is still struggling to become more widespread. Several
factors, such as a lack of clarity surrounding its definition [5], can explain this phenomenon and the
subsequent difficulty in creating pedagogical approaches aimed at transmitting it. To address this issue,
this study focuses on a common trait of low-tech designers: their ingenuity. In the scientific literature,
ingenuity is defined as follows: 'The ability to create innovative solutions within constraints using
limited resources and imaginative problem solving' (adapted from [6]). The results of this paper are
based on previous research defining the ingenuity of Low-Tech designers [7], which proposed two
elements that distinguish this ingenuity from that found in more conventional contexts (e.g. industry).
Low-tech designers' ingenuity is characterised by self-imposed ethical constraints during the design
process, and by a closer proximity to the logic of the bricoleur than to that of the engineer. As the
underlying aim of this work is to contribute to the development of teaching practices that communicate
this ingenuity to new generations of designers, the next step is to assess the impact of the components
of ingenuity in a pedagogical context. This paper has the dual objective of testing a method for assessing
ingenuity components and an educational framework for applying this method: the hackathon. The next
section provides an overview of the state of the art, setting out the background to the various theoretical
elements studied in this work. The method used to build the evaluation system is then described,
followed by the results of the various evaluations conducted during the hackathons. Finally, the
discussion will question the evaluation method and the relevance of the hackathon framework for this
evaluation of ingenuity, before drawing conclusions.
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2 LITERATURE REVIEW

To better understand this research, it is necessary to explain the two components of Low-Tech designers'
ingenuity. Siqueira and Honig [8] add self-imposed ethical constraints to the main constraints that
characterise ingenuity (structural, resource and time constraints [6]), defining them as follows:
'Restrictions on the behaviour of individuals deriving from moral, social and environmental
responsibility' [8]. Lederlin [9] updated the logics of the bricoleur and the engineer based on Claude
Lévi-Strauss's work in the 1960s [10]. These two logics propose two a priori contradictory ways of
thinking, driven by divergent visions. In the engineer's logic, the end — the solution to the problem —
is defined using a scientific approach (e.g. calculations and protocols), and then the means to achieve
the solution are allocated (fixed solution). In the bricoleur's logic, the solution is initially vague and then
materialises according to the available resources (an evolving solution as the project progresses). While
the engineer looks for performance (economic, technical, etc.) through various means of optimisation,
the bricoleur produces robust solutions that are in tune with their environment [10]. Although creativity
and innovation are widely assessed using established methods such as the Torrance Tests of Creative
Thinking (TTCT), the Creativity Assessment Packet (CAP) and the Innovation Competence Barometer
[11, 12], there is a lack of assessment tools for ingenuity in the scientific literature. Furthermore, the
core components of ingenuity in Low-Tech contexts are either insufficiently addressed as ethical
considerations [8] or entirely overlooked as the practices of tinkerers and engineers. Consequently, a
novel assessment method for low-tech ingenuity was required. The practical constraints of conducting
an initial experiment, combined with the availability of two hackathons, resulted in the decision to adopt
the hackathon format. These brief; intensive team events focus on developing solutions and facilitate
the rapid transition from concept to prototype within a condensed timeframe.

3 METHODOLOGIES

The data was collected during two hackathons held in eastern France in summer 2024. The first took
place in Chalons-en-Champagne over five days, and the second in Nogent over three days. The Chélons
hackathon was organised as part of a European research project aimed at developing educational
practices around Low-Tech. Around 30 students from three countries (France, Ireland and Belgium),
who were nearing the end of four- or five-year engineering, management and design courses, took part.
The Nogent hackathon involved 14 students who were in their first year of engineering studies. The
study includes three of the six groups from Chélons (12 students) and all of the students from Nogent
(four groups, 13 students). At the end of both hackathons, the students had to give a short presentation
to a jury to showcase their solutions. The two hackathons were conducted in markedly different ways.
In Chélons, students had to select one of eight topics identified in a study of local residents and
authorities. In contrast, the Nogent hackathon involved the students choosing from a list of everyday
product-related topics to which a Low-Tech approach was to be applied. Table 1 shows the subjects
chosen by all the groups in both Chalons and Nogent. During both hackathons, the students were given
periods of autonomy interspersed with coaching and theoretical input on Low-Tech concepts. However,
this theoretical input was too different to be comparable. In Chélons, the hackathon was organised in
partnership with a 'ressourcerie' and a 'matériauthéque': places where people can store and reuse donated
second-hand materials. The students had the opportunity to select objects from these two places to use
in creating prototypes of their solutions. Another difference compared to the Nogent hackathon is that
the students in Chalons were already well aware of socio-ecological and Low-Tech issues.

Table 1. Distribution of groups, coaches and juries

Hackathon | Group | Number of Subject
students
Chalons 1 4 Promoting Local Agriculture
and Reducing Packaging
Waste
Chalons 2 4 Promoting Local Agriculture
and Reducing Packaging
Waste
Chalons 3 4 Digital Inclusion and
Sufficiency in Rural Areas

EPDE2026/1102



Nogent 4 3 The private swimming pool
Nogent 5 3 The coffee machine
Nogent 6 3 The headlamp
Nogent 7 4 The camping tent

As the definition of the first component, 'self-imposed ethical constraints', is very broad, it has been
adapted for this study, which is focused on pedagogical practice. It was therefore decided that the ability
to self-impose ethical constraints would be equated with designers' mastery of certain Low-Tech-
specific skills. To this end, this work is based on an initial Low-Tech designer skills reference framework
[13], which was developed as part of a European project. This framework is based on a literature review
of the different skills required of a sustainable engineer, which was then adapted to the Low-Tech
context (see Table 2). The 11" skill, 'Topical Knowledge', was not assessed because the areas of
knowledge involved are not clearly defined.

Table 2. LT4Sustain Low-Tech designer’s skills model [13]

Skill 1 Systems thinking

Skill 2 Futures and anticipatory thinking

Skill 3 Values thinking and ethics

Skill 4 Strategic thinking

Skill 5 Interpersonal management

Skill 6 Multi-disciplinary problem-solving
Skill 7 Implementation (Design, Action & Assessment)
Skill 8 Intra-personal competence/Self efficacy
Skill 9 People-centeredness and behavioural change
Skill 10 Commons management and solution scaling
Skill 11 Topical knowledge

Then, three levels of acquisition have been defined for each macro-skill, accompanied by validation aids
for each level. These levels were defined based on the reference framework for sustainable engineering
competences of the University of Technology of Troyes. Table 3 shows the different acquisition levels
for Skill 1 as an example. For the second component, as the bricoleur/engineer logic is an emerging
topic, the authors did not have a reference framework with which to evaluate it. Therefore, it was deemed
too complex to ask trainers or students to carry out an in-depth evaluation.

Table 3. Presentation of acquisition levels for skill 1

Skill Systems thinking

Definition Be able to work in your field as part of a complex system
that is closely related to other domains like your society,

economy, and the environment; and to be able to think
about your field on different scales from local to global.
Level 0 No knowledge
Level 1 Identify the contours of the system under study (impacts on
planetary limits, impacts on the local economy, on user

behaviour, etc.)

Level 2 Understanding and analysing a prospective scenario and its
context
Level 3 Have a systemic vision and the ability to analyse critically

The proposed method, presented in Figure 1, involves gathering data on the bricoleur/engineer
positioning of students within the different groups studied, as well as their level of proficiency in Low-
Tech skills. In order to assess ingenuity, it is also necessary to determine which groups produced
solutions that were most in line with the Low-Tech model. The method was based on self-assessment
by the students, while retaining critical evaluation by experts (coaches and juries). The evaluation took
place in two stages: at the beginning and end of the hackathon, to identify any possible changes.
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Time
Elements - Beginning of the Hackathon End of the Hackathon
assessed ‘

_Loglcs of lhe Interactive questionnaire Interactive or online
bricoleur/engineer guestionnaire
Students Students
Low-Tech designer Paper score sheet with Paper score sheet with
skills explanation of skills explanation of skills
Coaches Coaches

Evaluation grid for Low-Tech

Low-Tech criteria
criteria

Jury
Figure 1. Data collection process

Only the students assessed the bricoleur and engineer logics. The low-tech skills were assessed by both
the students (individually) and the coaches (in groups) to obtain two opinions. Skill 8, 'Intra-personal
competence/self-efficacy’, was assessed only by the students, as it was too personal for an external
judgement to be relevant. Self-assessment in the form of interactive questionnaires was chosen to allow
students to ask questions about elements they did not understand. The questionnaires began with a short
introduction to the bricoleur and engineering logics, followed by a request for the students to position
themselves. This was followed by a presentation of the Low-Tech skills and a self-assessment for each
skill. The coaches carried out an evaluation at the beginning (end of day 1 or 2) and at the end of the
hackathons (and halfway through for Chalons), using paper assessment forms created for this purpose.
For the two hackathons, a panel of juries assessed the final solutions based on the deliverables according
to the Low-Tech Criteria Grid. This grid was created using literature [3] and comprises eight low-tech
evaluation criteria and their definitions. In Nogent, the jury comprised the two coaches and two external
members who were considered experts in Low-Tech. In Chalons, the jury comprised eight external
members: Two Low-Tech experts (practitioners); four members with an interest in or close links to Low-
Tech; and two novice members (their ratings were not taken into account for reasons of consistency).

4 RESULTS

The assessment of the solution at the end of the hackathons (Figure 2) shows that, on average, the groups
in the Chalons hackathon (shades of blue) are better rated than the groups in the Nogent hackathon
(shades of orange). Furthermore, greater disparities in final marks have been observed in Nogent. This
is not surprising, given that students from Chalons come from programmes with a stronger focus on
sustainability. This minimises inconsistencies in their understanding and implementation of related
concepts, as illustrated by the more varied marks achieved by the Nogent groups. Unfortunately, the
Chalons scores were compiled without one jury member who did not follow the marking instructions,
and without another jury member for group 2 as he did not mark this group. This has a detrimental effect
on the validity of the results.

40
28.4

334 305 299
30 243225 508
20
. I | 11
0

Group1l Group2 Group3 Group4 Group?7 Group6 Group5

Figure 2. Jury ratings for group solutions based on Low-Tech criteria (marks out of 40)

The results of the Low-Tech designers' skills assessment demonstrate that the Chalons teams obtained
higher average scores at the start of the hackathons, according to both students and coaches (see Figure
3). However, for the Nogent groups, the comparison was only made for skills 1, 2 and 4, as the coaches
were unable to observe skills 3 and 5-10 at the start of the hackathon. This severely limits the
interpretation of the results. For example, due to the significant amount of missing data, it is not possible
to substantiate the hypothesis that a better starting level in Low-Tech skills leads to a better rating by
the final jury with confidence. Nevertheless, it can be observed that, in general, students and coaches do
not agree on these assessments. With the exception of groups 3 and 4, coaches rated students notably

EPDE2026/1102



lower across all groups. It could be argued that, as the coaches were considered more experienced in
Low-Tech and related skills, the students may have overestimated their abilities in relation to their actual
level. This may be because the students were unfamiliar with Low-Tech skills and only had a few
minutes to self-assess.

[uny

2
I I W Students
0 [ | [ | | [ | Coaches
Group Group Group Group Group Group Group
1 2 3 4 7 6 5

Figure 3. Comparison of skills levels between students and coaches’ assessments (except
for skill 8 as only the students rated it)

With regard to the influence of bricoleur and engineer logics, Figure 4 shows that there is no correlation
between proximity to the ingenuity component (i.e. being closer to the bricoleur logic) and a better rating
by the final jury. However, all the groups were relatively heterogeneous, with the exception of group 2.
The research method and sample size do not permit identification of the actual influence of each
individual and their logic within the groups. Nor do they enable verification that the logic claimed by
each designer is the same as that which they actually followed during the hackathon.

M Bricoleur's logic (100%)
2 n 3 n W 75% bricoleur - 25% engineer
4
1 1 50% engineer - 50% bricoleur
2
1 1 n 1 W 75% engineer - 25% bricoleur

Groupl Group2 Group3 Group4 Group?7 Group6 Group5 W Engineer's Logic (100%)

o B, N W b

Figure 4. Positioning of students on the bricoleur/engineer logic at the start of hackathons

Finally, the cumulative progress of each group in all the skills over the course of the hackathons was
calculated (negative progress results were excluded from the sum of progress). Unfortunately, despite
various reminders, three students from the Chalons hackathon and four students from the Nogent
hackathon did not complete the end-of-hackathon questionnaire. One student in groups 2—5—6 and two
students in group 1-7. For the Nogent groups, the coaches' ratings did not provide a reliable average for
skills 3, 6 and 7. For other skills, if one of the coaches has selected 'competence not observed' for a
group, only the other coach's mark is considered. Consequently, the Nogent group results exclusively
encompass skills 1, 2, 4, 5, 9 and 10. In contrast, the Chalons groups (1 to 3) comprise all skills except
skill 8, thereby effectively constraining comparability between the two samples. The proportion of
missing data is so high that it is difficult to draw any conclusions about changes in skills. However, it
appears that all the groups have made progress, according to the coaches and students.

5 DISCUSSIONS

This study introduces a preliminary approach to assessing ingenuity. Although it is subject to inherent
biases and lacks extensive prior research, it enables a partial evaluation and identifies key factors.
Adopting a multi-perspective approach, with students and coaches assessing skills and a panel
evaluating solutions, helps mitigate biases, particularly those arising from self-assessment. The findings
suggest that the methodology requires comprehensive revision and highlight several potential
improvements. Enhancing the assessment method may require an increased sample size, more diverse
data sources and addressing missing data. The Low-Tech Skills Model also has limitations: coaches
found some skills to be too broad, poorly defined or unsuitable for the hackathon context, which makes
reliable assessment difficult — especially for skills 2, 3, 6 and 7. Consequently, refinement of the skills
model is necessary. Additionally, initial qualitative findings reveal complex and poorly understood
interactions between bricoleur and engineer logics. This indicates a need for clearer definitions and
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observable markers for each logic. Examples of these markers could be the use of scrap materials for
the bricoleur and the production of precise documentation for the engineer [9]. While the hackathon
format encompasses multiple design stages, it is too brief for the in-depth evaluation of ingenuity
required, and logistical constraints complicate data collection. Thus, the relevance of the hackathon for
developing or assessing Low-Tech skills remains unproven. Future work should consider applying the
assessment method in other educational contexts, particularly over a longer period to better evaluate
changes in Low-Tech skill indicators, or even moving beyond the student environment into the
professional world to improve indicator reliability and validity

6 CONCLUSIONS

The aim of this work was to propose and test a method for evaluating the ingenuity of Low-Tech
designers but also to test a framework for applying this evaluation method. The method used was
designed to assess the 2 components of ingenuity as factors in the success of a Low-Tech project during
hackathons: the influence of bricoleur-engineer logics and the self-imposition of ethical constraints
during the design process. This work contributes an initial method for assessing ingenuity in a Low-
Tech context, as well as experimenting with this method in the context of a hackathon. It opens up many
possibilities as further refinement of the method is required to minimise bias and improve its validity,
but also to enable a more accurate assessment of ingenuity. The relevance of the hackathon format for
assessing ingenuity remains questionable, opening the door to experimentation in other contexts, both
with students and with experienced designers in professional settings.
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ABSTRACT

This paper investigates how students with diverse backgrounds experience the Civil Engineer Education
at University of Agder (UiA), Norway. Students are being recruited based on vocational qualifications
or qualified directly through upper secondary school. One of UiA’s focus areas has been to create
different entries for various student groups to provide more people with the opportunity to pursue higher
education. This creates diversity within the student group, contributing valuable perspectives and
competencies to the learning and teaching environment. At the same time, experiences show that
students face different challenges. Those with a vocational background often possess strong practical
skills but may encounter greater difficulties with theoretical subjects. In contrast, individuals from an
academic upper secondary school generally master the theoretical aspects more easily yet often lack
practical experience. Additionally, vocationally qualified students are frequently in different life
situations, being more established and older compared to peers coming directly from upper secondary
school. The study aims to map how these different backgrounds affect students’ experiences regarding
priorities, and overall satisfaction with the programme. The focus will be on exploring how to support
students with a vocational background to stay in the programme and completing their degree, including
their views on which elements should be expanded, and which should be reduced. Data will be collected
through a survey, and the results are expected to provide insights into how the programme can be adapted
to support diversity and enhance learning outcomes for all student groups.

Keywords: Vocational background, learning environment, survey, civil engineering education

1 INTRODUCTION

The Norwegian government wants more focus on practical and experience-based competence in
engineering education [1]. There is currently lack of qualified workforce in the fields of science,
technology, engineering, and mathematics (STEM) [2], and this is a growing concern internationally,
often referred to as a ‘STEM crisis’ [3]. Despite strong recruitment to these fields, the dropout rate is
high. A study conducted by Yi Ding et al. [4] estimate that approximately 50% of students who start a
bachelor’s degree in STEM either drop out or change their field of study. From 2018 to 2021, only about
50% of engineering students in Norway completed their studies within the nominal time [5]. The
problem is particularly pronounced in engineering education, where as many as 41% of students leave
the programme during the first year [4]. To address this crisis, it is crucial to understand the factors that
influence students’ success and persistence.

A central theory for understanding students’ adaptation is Holland’s theory of vocational personality
types [6]. Research [4] shows that a large proportion of engineering students, nearly 40%, identify with
the Realistic (R) personality type. These students are often described as ‘doers’ who prefer practical,
hands-on work with physical objects rather than theoretical ideas. While practical aptitude is essential
for an engineer, studies show a negative correlation between a realistic personality type and academic
grade point average (GPA). A plausible explanation is that university assessment methods are often
heavily theoretical and analytical, meaning that students with a practical orientation are not given the
opportunity to demonstrate their competence through traditional written examinations.

The challenges are further intensified for students who come from a vocational background, often
referred to as TVET (Technical and Vocational Education and Training) [7]. Although these students
initially seek practical competence, their educational pathways are often characterised by a lack of
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resources, equipment, and skills training. Many end up as passive observers rather than active
participants in practical instruction. When these students encounter the university’s theoretical demands,
combined with academic difficulties in core subjects such as mathematics and physics, the risk of
dropout increases considerably.

Students in the civil engineering programme at University of Agder (UiA) are recruited either through
vocational qualifications or directly from upper secondary school. UiA has introduced multiple
admission pathways to increase access to higher education, resulting in a diverse student group with
different strengths and needs. Because students from the vocational pathway often take different
introductory subjects, first-year study groups are typically formed based on admission routes, which
leads students to collaborate mainly within their own pathway and reduces opportunities to benefit from
each other’s complementary competencies. The study aims to examine how these differing backgrounds
and life situations influence students’ experiences, academic priorities, and overall satisfaction with the
programme. The goal is to identify how the programme can better support students with vocational
background, both academically and socially, and how the diverse competencies within the cohort can
be used more effectively to improve learning outcomes for all.

2 METHODOLOGIES

The method used in this study was a survey conducted with the programme SurveyXact. The target
group consisted of active students enrolled in the three-year bachelor’s degree programme in civil
engineering. The survey was distributed through the learning platform used at the University of Agder.
Students may be admitted to the programme through three different pathways: the V-path (for applicants
with a vocational certificate), TRES (for applicants lacking mathematics/physics competency from
upper secondary school), or direct admission from upper secondary school (SO). The survey
differentiates between these admission routes, as well as the extent of relevant practical experience the
students possess. This study focuses on V-path and SO-path students, as the SO pathway represents the
standard entry route to engineering programmes. TRES students are broadly comparable to SO students
in terms of age and educational background; however, to enable a clearer comparison between more
distinct groups, they were excluded from the analysis. In the survey, students were asked about their
experiences with the study programme, including what they would like to have more or less of, and their
overall satisfaction with the programme. In addition, the survey included three open-ended questions
where students could provide further comments. A total of 80 students completed the entire survey,
while 5 students did not finish the final question, and additional 6 students did not finish the two last
questions. In total, 232 students received the survey, resulting in a total response rate of 35%. The survey
remained open for 48 days (October 16" — December 3™). Table 1 shows the number of respondents.

Table 1. Overview respondents

Respondents Number
SO-path 43
V-path 23
TRES-path 24
Other 1

Total 91

Quantitative data were analysed using descriptive statistics; no further statistical analyses were
conducted. Qualitative data were analysed using a thematic, interpretive approach; responses were
reviewed manually, and excerpts were selected based on their ability to illustrate recurring themes,
serving as illustrative rather than exhaustive examples.

3 RESULTS AND DISCUSSION

The results from the survey show that students with a vocational background and students admitted
through SO have different strengths and face different challenges related to practical and theoretical
subjects. Among V-path students a majority have substantial relevant work experience. Specifically,
26% report having 5-10 years of relevant practical experience, while 35% report more than 10 years. In
comparison, 74% of SO students report having no relevant practical experience. These differences are
reflected to some extent in how students experience various subjects, as can be seen in Figure 1. In a
first-year subject, where practical experience with drawings, construction, and building assemblies may
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be advantageous, only 5% of V-path students report finding the subject difficult or very difficult,
compared to 18% of students admitted through SO. Similarly, 20% of V-path students describe a second-
year subject considering how buildings interact with outdoor and indoor climates as easy or very easy,
compared to only 5% among SO students. This indicates that practical experience may provide an
advantage in subjects more closely related to construction practice, as opposed to mathematically
oriented subjects. Several V-path students also report that such subjects are perceived as meaningful and
relevant, which may contribute to increased motivation and engagement in the programme. V-path
students are often characterised by a Realistic personality type [4], which may help explain why they
find construction-related subjects easier than more theory-heavy subjects. Even when these subjects do
not involve hands-on practical problem-solving, students may draw on their prior practical experience
to contextualise and explain the theoretical concepts they encounter. Such subjects may therefore also
function as an arena where students can integrate practical knowledge with academic theory, supporting
both understanding and persistence in the programme. This may give the V-path students the possibility
to share their knowledge instead of being a passive observer as stated by Mtshali [7]. By taking a more
active role in the class, the students may be able to bridge the gap between the theoretical students, and
the practical ones and help each other, reducing the likelihood of dropouts.
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Figure 1. Response distribution in % regarding the perceived difficulty of the courses.
Some courses are included in the figure based on the selection used in the analysis.

In more theoretically demanding subjects, however, the challenges faced by V-path students become
more apparent. In Mathematics 1, as many as 72% of V-path students report the subject as difficult or
very difficult, compared to 38% of SO students. A similar pattern is found in Physics, a subject
characterised by a high degree of abstraction and theoretical reasoning, where 48% of V-path students
describe the subject as very difficult, compared to 25% among students admitted through SO.
Conversely, the results show that students from SO generally master theoretical skills to a greater extent,
which reflects descriptions of Realistic personality types as struggling more with abstract theoretical
levels compared to other personality types. In the theoretical engineering writing subject, 81% of SO
students describe the subject as very easy or easy, and none report it as difficult. Among V-path students,
however, 20% find this subject difficult or very difficult. This suggests that the transition from practical
work to academic, abstract learning still represents a barrier for V-path students, despite dedicated
admission pathways. This also underscores the research done by Ding et al. [4], who concludes that
Realistic students (V-path) negatively correlate with GPA and struggle with the current assessment
methods. At the same time, this may help explain why V-path students more frequently request support
in the form of guidance, exercise sessions, and collaborative learning.
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Differences in academic experiences must also be understood in light of students’ life situations. There
are clear differences in age and overall life circumstances between the two groups. Among V-path
students, 57% are over the age of 26, compared to 19% of SO students. This indicates that V-path
students are often more mature students with prior work experience. They tend to be more used to
structured workdays and fixed working hours. Regarding housing and family situation, 30% of V-path
students live alone or in shared housing with friends, while the rest are established with families. Among
SO students, 61% live alone or in shared housing, while a smaller proportion have family
responsibilities. This confirms that V-path students report spending more than 40 hours per week on
their studies, compared to 23% of SO students. This may indicate that V-path students need to invest
more time to cope with academic demands, particularly in theoretical subjects, while at the same time
having less flexibility in their daily lives. These structural conditions also appear to influence students’
satisfaction with the programme (Figure 2). Some differences are observed between the groups
regarding overall satisfaction. Among V-path students, 53% report being satisfied or very satisfied with
the programme, while 37% report being neutral. Students admitted through SO report higher satisfaction
with the programme itself, with 71% being satisfied or very satisfied and only 20% reporting neutral
satisfaction. This may have several explanations. V-path students are required to attend more scheduled
teaching activities due to their academic background. SO students report that they find academic content
easier to manage and have greater flexibility in their schedules. In contrast, V-path students are
accustomed to fixed working hours, and evening lectures may therefore be challenging in relation to
family life. In addition, students admitted through SO are generally more familiar with school-based
tasks, as the majority enter directly from upper secondary school, making the transition to higher
education easier. However, satisfaction with the learning environment is lower among SO students, with
63% reporting being satisfied or very satisfied. At the same time, as many as of V-path students 84%
are satisfied or very satisfied with the learning environment. This suggests that although many V-path
students experience academic challenges, they perceive the social and learning environment as overall
positive.
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Figure 2. Response distribution (in %) to the questions “How satisfied are you with the
study programme?” and “How satisfied are you with the study environment?”

Figure 3 shows the preferences for different elements of the study programme, categorised into prefer
less, prefer more and satisfied. Differences emerge with respect to group work. Among V-path students,
37% wish for more group work, and none wish for less. In contrast, 23% of SO students want less group
work, while only 15% want more. This may indicate that V-path students place greater value on
collaboration as a learning strategy, particularly as support when dealing with theoretical subjects. These
findings can be interpreted as reflecting different learning strategies and needs. For V-path students,
group work may function both as academic support in theoretical subjects and as a familiar working
method from professional practice. Their generally higher motivation and clearer goal orientation may
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also help them manage group dynamics more effectively, rather than responding to difficulties by
working alone or changing group members, which several students reported doing in a previous research
conducted at UiA [8]. At the same time, differences in motivation and goal orientation between student
groups may contribute to group work being perceived as less beneficial by SO students. Students
admitted through SO report limited knowledge about the types of jobs civil engineers hold and how the
construction industry functions. Some indicate that they chose the programme rather randomly and are
not necessarily strongly interested in the field. This aligns with findings [8], showing that most students
experience challenges in group work, including free riding, varying ambition and skill levels, and
disagreements among group members, challenges that become more pronounced as students’ progress
through their studies. This is not reported as a challenge among V-path students, who are generally more
dedicated, goal-oriented, and motivated to complete their degree. Such differences may lead to student
groups with very different levels of motivation, which could partly explain why V-path students express
a stronger preference for group work than SO students. Strong peer collaboration may also help explain
why V-path students report higher satisfaction with the learning environment than SO students.
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Figure 3. Preferences for different elements of the study programme

The results provide indications of which measures V-path students believe could contribute to improved
learning outcomes and higher completion rates. A majority (58%) request more academic guidance, and
26% want additional exercise sessions. At the same time, 47% wish to have fewer mandatory
assignments, which may be related to limited time resources and a high overall workload. Several V-
path students also call for more student assistants or mentoring arrangements that can provide concrete
support with assignments and exercises. Such initiatives may also help ease the transition from a
practically oriented work background to a more academically focused learning environment.

Furthermore, our findings suggest that it is a need for increased flexibility in the study structure,
particularly for students with family obligations. This includes the timing of lectures and the general
availability of campus-based activities. Digital teaching materials are suggested as a potential means of
increasing flexibility; however, some students express concern that extensive use of digital solutions
could negatively affect the already strong learning environment. Students admitted through SO express
somewhat different priorities. Many wish for less group work and more guidance, although to a lesser
extent than V-path students. In addition, SO students want a clearer introduction to what engineers
actually do in professional practice, as well as more practically oriented teaching related to how
buildings are constructed. Since SO students report fewer difficulties with theoretical subjects, while V-
path students have stronger insight into engineering practice, increased collaboration between the two
groups could potentially benefit both. However, there is also a risk that students may be unwilling to
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work together due to differences in motivation, expectations, and working styles, which could reduce
the effectiveness of such collaboration if not carefully facilitated.

4 CONCLUSIONS

This study demonstrates that students with vocational and academic backgrounds bring different but
complementary strengths to civil engineering education. V-path students benefit from extensive
practical experience, which enhances learning, motivation, and engagement in construction-related
subjects, and they place strong value on group work as a familiar and supportive working method. At
the same time, they face significant challenges in theoretically demanding subjects such as mathematics,
physics, and academic writing, consistent with research linking the Realistic personality type to
difficulties in abstract, theory-based assessment systems. When combined with family responsibilities
and limited flexibility, these challenges may increase the risk of dropout. Differences in students’
structural conditions also influence overall satisfaction. While students admitted through SO report
higher satisfaction with academic content and greater schedule flexibility, V-path students, despite
experiencing more academic challenges, report particularly high satisfaction with the learning
environment. This suggests that strong social integration and collaborative learning play an important
role in supporting vocational students. Overall, the findings underline the need for flexible study
structures, varied working methods, and targeted academic support that recognises diverse student
backgrounds and leverage group work to strengthen both learning outcomes and persistence in
engineering education.

Further studies need to be carried out in order to validate the results, given the small sample size and
relatively short observation period. Additional methods could also be employed. For instance, this could
include an examination of completed credits, grades, and completion rates among V-path and SO
students. This study is currently based solely on self-reported data, and supplementary methods could
contribute to a clearer understanding of the topic.
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ABSTRACT

This paper presents educational outcomes from a binational case study involving Baden-Wuerttemberg
Cooperative State University (DHBW Loerrach), Germany, and Universidad Politécnica de Querétaro
(UPQ), Mexico. Six engineering undergraduates — three per institution — collaborated for approximately
one year to optimise the processing of recycled polypropylene, guided by one professor from each
institution. The project followed a hybrid model combining two intensive two-week residential phases
(one at each partner institution) with extended digital collaboration via MS Teams, WhatsApp and email.
Roles including project management, material analysis, production, simulation, experimental design and
design tasks were deliberately distributed to create clear responsibilities. A post-project questionnaire
(n = 6) captured student perceptions using Likert-scale and open-ended items. Given the small cohort,
findings are interpreted as illustrative case evidence rather than statistically generalisable results.
Students rated the face-to-face phases as highly helpful (mean 4.83/5) and hands-on experimental
activities as equally valuable for understanding sustainable engineering (mean 4.83/5). Digital
collaboration received more mixed feedback (mean 3.67/5), with open responses citing time-zone
coordination and differing work rhythms as key challenges. Students reported substantial self-assessed
gains in intercultural communication (mean 4.33/5) and awareness of cultural diversity in engineering
practice (mean 4.67/5). Faculty reflections highlight the value of early alignment sessions and stricter
work-package definitions for future iterations. This case study demonstrates how binational hybrid
projects can make diversity a lived experience within engineering curricula, offering a replicable
framework for sustainability-oriented, cross-cultural education.

Keywords: Engineering education, intercultural learning, project-based learning, digital
collaboration, polymer recycling

1 INTRODUCTION

Engineering and product design education are increasingly expected to prepare graduates for work in
culturally diverse, globally distributed teams tackling complex sustainability challenges. At the same
time, educators seek formats that integrate authentic research experiences, digital collaboration, and
explicit attention to equality, diversity and inclusion within already dense curricula.

Polymer recycling provides a concrete and industrially relevant context in which such demands
intersect: engineers must optimise materials and processes under real-world constraints while
considering environmental impact and circular-economy principles. Working with recycled
polypropylene, in particular, exposes students to trade-offs between mechanical performance,
processing parameters, and resource efficiency that are central to sustainable product and process design.
Against this backdrop, a binational project was established between Baden-Wuerttemberg Cooperative
State University (DHBW Loerrach) in Germany and Universidad Politécnica de Querétaro (UPQ) in
Mexico, bringing together three German and three Mexican engineering students. The primary project
goal was to address a research question in the field of polymer recycling by collaboratively optimising
the processing of recycled polypropylene, supported by one supervising professor at each partner
institution.

The project was designed as a long-term, hybrid learning experience spanning approximately one year,
with the majority of collaboration taking place online and two intensive two-week face-to-face phases
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hosted in Mexico and Germany. Within the student team, roles such as project management, material
analysis, production, simulation, experimental design, and design-related tasks were deliberately
distributed to ensure clear responsibilities and to mirror professional engineering practice in distributed
project teams.

This paper reports on the educational outcomes of this binational project, with a particular focus on
students’ development of intercultural communication and collaboration skills, their understanding of
sustainability and research methodology in polymer engineering, and their experiences with digital
teamwork. Drawing on post-project questionnaire data from the six student participants and faculty
reflections, the paper discusses how the project design supported or hindered these learning goals and
reflects on implications for integrating similar cross-cultural, sustainability-oriented projects into
engineering and product design curricula.

2 CONTEXT AND RELATED WORK

Project- and problem-based learning (PBL) has become a central pedagogical approach in engineering
higher education, because it engages students in authentic design and research tasks and supports the
development of teamwork, problem-solving and communication skills [1, 2]. Recent reviews of PBL in
engineering underline that such formats are particularly powerful when they address complex, real-
world challenges related to sustainability, international collaboration and professional practice [1].
International project-based courses in engineering further show that working in diverse, geographically
distributed teams can deepen students’ technical understanding while simultaneously fostering project
management skills and confidence in global collaboration settings [3].

In parallel, universities increasingly emphasise the development of intercultural competence and global
citizenship as explicit learning outcomes, using virtual exchange, global virtual teams and other online
collaboration formats [4]. Studies on international or cross-cultural online projects report that carefully
designed virtual teamwork, combined with guided reflection, can significantly improve students’
intercultural awareness, attitudes towards diversity and readiness to work in multicultural engineering
environments [4]. Research-based learning initiatives in industrial and engineering project management
additionally highlight that involving students in authentic research questions strengthens their
understanding of methodology, data analysis and the research—practice interface, especially when
projects are embedded in real organisational or industrial contexts [5]. The binational recycled-
polypropylene project discussed in this paper builds on these strands by combining PBL, international
and intercultural teamwork, virtual collaboration and research-based learning around a concrete
sustainability challenge in polymer recycling.

3 PROJECT DESIGN AND METHODOLOGY

The project was implemented as a binational collaboration between Baden-Wuerttemberg Cooperative
State University Loerrach (DHBW Loerrach), Germany, and Universidad Politécnica de Querétaro
(UPQ), Mexico. Six engineering undergraduate students participated, three from each institution,
studying in fields such as mechanical engineering, mechatronics and advanced manufacturing. The
technical focus of the project was the optimisation of processing conditions for recycled polypropylene
in order to investigate how process parameters influence mechanical performance in a sustainability-
oriented polymer recycling context.

The project spanned approximately one year and was designed as a hybrid learning experience with two
intensive face-to-face phases and an extended online collaboration phase. One two-week residential
phase was hosted at UPQ in Mexico and one two-week phase at DHBW Loerrach in Germany, providing
opportunities for joint laboratory work, planning sessions and intercultural exchange. The intervening
months were characterised by predominantly digital collaboration, using tools such as Microsoft Teams,
WhatsApp and email for coordination, document sharing and synchronous or asynchronous meetings.
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The overall structure of the binational hybrid project, including the two face-to-face phases and the
extended online collaboration, is summarised in Figure 1.

LW LR LB 60 IR GO & W COW W R G

Project duration (months)

g Online collaboration
(MS Teams, WhatsApp, Email)
H P Face-to-Face
IET‘-‘-] (Ist: Germany, 2nd: Mexico; 2 weeks each)

Figure 1. Overview of the hybrid binational project design

Within the student team, roles were deliberately distributed to mirror typical responsibilities in an
industrial engineering project. Students took on functions such as overall project management, material
characterisation, production and processing, simulation, experimental design and design-related tasks.
This role allocation was intended to create clear lines of responsibility, foster ownership of sub-tasks
and require students to coordinate their work across disciplinary and cultural boundaries. The project
was jointly supervised by one professor at DHBW and one professor at UPQ, who provided guidance
on both the technical polymer-engineering aspects and the collaborative processes.

To investigate the educational outcomes of this binational project, a small-scale case-study design was
adopted. At the end of the project, a post-project questionnaire was administered to all participants in
order to capture their perceptions of the project structure, their learning outcomes and their experiences
of intercultural and digital collaboration. The survey consisted of Likert-type items using a five-point
scale, covering the helpfulness of the face-to-face phases, the effectiveness of the digital collaboration
phase, the clarity of research goals and experimental procedures, the usefulness of hands-on
experimental and data-analysis activities, and perceived gains in intercultural communication,
awareness of cultural diversity and preparedness for future sustainable engineering projects. In addition,
open-ended questions invited students to describe main challenges in coordinating the project across
countries and time zones, as well as key insights regarding research methodology and sustainability
engineering. A potential source of response bias should be noted: as student participation and travel
were financially supported by the Baden-Wiirttemberg Stiftung, participants may have felt reluctant to
provide critical feedback. The questionnaire was anonymous and voluntary, and open-ended items
actively invited critique; nonetheless, this limitation should be kept in mind when interpreting the results.
Quantitative items were analysed descriptively, calculating frequencies, means and standard deviations
for each Likert-scale question. Qualitative responses were read repeatedly and coded inductively to
identify recurring themes related to collaboration challenges, perceived benefits of the hybrid structure
and students’ reflections on research methodology and sustainability. The combination of descriptive
statistics and thematic analysis provided a basis for interpreting how the project design supported or
constrained the intended learning outcomes.

4 RESULTS

The post-project questionnaire yielded six responses from the student participants. Given the small
cohort size, all findings are interpreted as case evidence only and do not support statistical
generalisation. Overall, students rated the hybrid binational project very positively, particularly with
regard to the intensive face-to-face phases at UPQ in Mexico and at DHBW Loerrach in Germany and
the hands-on experimental work on recycled polypropylene.
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Figure 2 summarises ratings for the main Likert-type items (five-point scale, 1 = very low, 5 = very
high).

Ratings of Key Project Aspects (n=6 students, 1-5 scale)

6
5 ° o
— T =
4 o m—— ° o
X
3 o

m How helpful were the two approximately two-week face-to-face phases (in Mexico and Germany) for understanding
the project objectives?

0 How effective was the digital collaboration phase (between the face-to-face phases) in facilitating teamwork and
project management?
B How clearly were the research goals and experimental procedures communicated?
u How useful were the hands-on experimental activities and data analysis for understanding sustainable engineering
concepts?
To what extent did working in an international and intercultural team improve your communication and collaboration

skills?

[T How much did the project increase your awareness of cultural diversity's importance in engineering practice?
proj ¥ p g g p

B How well prepared do you feel for future interdisciplinary sustainable engineering projects after this experience?

Figure 2. Descriptive statistics for key survey items (students only, five-point scale)

Students perceived the two approximately two-week face-to-face phases in Mexico and Germany as
extremely helpful for understanding the project objectives (mean 4.83, range 4—5) and rated the hands-
on experimental activities and data analysis as equally valuable for understanding sustainable
engineering concepts (mean 4.83, range 4-5). Perceived clarity of the research goals and experimental
procedures was also high (mean 4.17, range 4-5).

In contrast, experiences with the digital collaboration phase were more mixed. The mean rating of 3.67
(range 2—5) corresponds to a medium effect size relative to the neutral midpoint, suggesting that students
overall saw online collaboration as somewhat effective, but with substantial variation between
individuals. Open-ended responses highlight typical challenges of distributed collaboration, such as
scheduling meetings across time zones, aligning different course loads and work rhythms, and perceived
differences in reliability or work ethic between partners.

At the same time, students reported substantial perceived gains in intercultural and sustainability-related
competencies. Based on the post-project survey, participants reported self-assessed improvements of
approximately 36% in intercultural communication, 28% in confidence in scientific communication,
and 33% in understanding of sustainability. These global gains are consistent with the high end-of-
project ratings for items on intercultural communication and collaboration (mean 4.33, range 4-5),
increased awareness of cultural diversity in engineering practice (mean 4.67, range 4—5), and preparation
for future interdisciplinary sustainable engineering projects (mean 4.33, range 3-5).

Qualitative answers further illustrate these developments. Several students explicitly mentioned the
Design of Experiments (DoE) approach as a powerful tool for planning and interpreting the experiments
on recycled polypropylene and noted that working with real process parameters and material data
deepened their understanding of how processing conditions influence mechanical behaviour and
sustainability trade-offs. One student remarked that “seeing the actual material change under different
settings made sustainability feel real, not just theoretical.” Others emphasised that collaborating in a
mixed DHBW-UPQ team made cultural differences in communication styles, expectations and
reliability visible, but also helped them to develop concrete strategies for addressing such challenges,
such as clearer role definitions, a single central communication channel, and earlier in-person alignment.
A recurring theme in open responses was the value of the residential phases as relationship-building
moments: students noted that trust established face-to-face made subsequent online work considerably
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smoother. From the faculty perspective, both supervising professors observed that the deliberate role
distribution helped to maintain student ownership and momentum throughout the year-long
collaboration. The DHBW supervisor noted the importance of establishing shared expectations for
communication frequency and documentation standards during the first residential phase, while the UPQ
supervisor highlighted that the mixed-discipline team composition — spanning mechanical engineering,
mechatronics and advanced manufacturing — required explicit guidance on integrating diverse technical
viewpoints. Together, the quantitative and qualitative findings suggest that the project effectively
combined technical learning about polymer recycling with research-methods training and the
development of intercultural collaboration skills in a realistic hybrid project setting.

5 DISCUSSION AND IMPLICATIONS

The findings from this binational hybrid project align with prior work on project-based learning (PBL)
in engineering education, which consistently shows that authentic, hands-on tasks in real-world contexts
foster deep understanding of technical concepts and research methodologies [1, 2]. The very high ratings
for the usefulness of experimental activities and data analysis in understanding sustainable engineering
concepts (mean 4.83) underscore how working with actual recycled polypropylene and process
parameters made abstract sustainability principles tangible. These technical results, including the
optimisation of mechanical properties through process-parameter variation, were published at IEEE
TEMSCON Global 2025 [6]. Similarly, the strong perceived helpfulness of the two face-to-face phases
(mean 4.83) confirms that intensive residential blocks provide critical opportunities for laboratory work,
planning and relationship-building that cannot easily be replicated online [3].

The more mixed ratings for digital collaboration (mean 3.67), however, echo findings from global virtual
team (GVT) and virtual exchange studies, which frequently report challenges with time-zone
coordination, scheduling, and perceived differences in work rhythms and reliability [4, 5]. The
qualitative responses mentioning meeting schedules and work-ethic differences illustrate these
dynamics in a concrete engineering context. It is also important to acknowledge that students whose
travel and participation were financially supported may have felt inclined to give more favourable
feedback. While the open-ended items and anonymised format were designed to mitigate this, future
iterations should consider independent evaluation approaches. At the same time, the high intercultural
competence gains (mean 4.33) and increased diversity awareness (mean 4.67) suggest that the deliberate
role distribution, joint supervision and structured hybrid format provided sufficient scaffolding to turn
these challenges into learning opportunities.

These results have several implications for designing cross-cultural, sustainability-oriented projects in
engineering and product design education. First, hybrid formats combining short intensive residential
phases with extended online collaboration appear particularly effective for simulating distributed
engineering practice while mitigating some limitations of purely virtual work. Second, clear role
allocation and joint faculty supervision across institutions emerge as critical enablers for small,
binational student teams to maintain momentum and address intercultural challenges productively.
Third, embedding authentic research tasks such as polymer process optimisation within such projects
creates powerful opportunities to develop both technical sustainability expertise and methodological
competencies alongside soft skills.

Future iterations of this project will incorporate student suggestions such as earlier face-to-face
alignment, a central communication platform and stricter work-package definitions to further improve
the digital collaboration experience. The model also holds potential for scaling to larger cohorts or
adaptation to other sustainability challenges in materials engineering and product design, provided that
institutional partnerships and funding support (such as the Baden-Wuerttemberg Stiftung) remain in
place.

6 CONCLUSION AND REFLECTIONS

This paper has presented the educational outcomes of a binational hybrid project in which six
engineering students from Germany and Mexico collaborated for approximately one year to address a
research question in polymer recycling. The project design, combining two intensive face-to-face phases
with extended online collaboration, successfully fostered high levels of student engagement with both
the technical content and the intercultural teamwork process.

The survey results provide clear evidence that students perceived substantial learning gains across
multiple dimensions. The face-to-face phases and hands-on experimental work on recycled
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polypropylene received the highest ratings, confirming their value for understanding sustainable
engineering concepts and research methodologies. Students also reported strong improvements in
intercultural communication skills and awareness of cultural diversity's role in engineering practice,
despite acknowledging challenges in the digital collaboration phase such as time-zone coordination and
differing work rhythms.

These findings demonstrate that carefully structured binational projects can make diversity and
internationalisation tangible within core engineering curricula, rather than treating them as peripheral
add-ons. The deliberate role distribution, joint supervision across institutions and hybrid format proved
effective in supporting small student teams to navigate both technical complexity and intercultural
dynamics productively.

Reflections from the supervising faculty highlight several areas for refinement in future iterations. While
the residential phases provided irreplaceable opportunities for laboratory work and relationship-
building, the digital phase would benefit from earlier face-to-face alignment, stricter work-package
definitions and a single central communication platform to reduce coordination friction. Assessment
strategies could also be enhanced by incorporating more frequent progress check-ins and peer-
evaluation components to maintain accountability in distributed teams.

Limitations of this study include the small sample size (n=6) from a single project cohort, which
precludes statistical generalisation. The study is best understood as a case example highlighting lessons
learned. Potential response bias due to funded participation is acknowledged. Future work will involve
replicating the model with larger groups, incorporating independent evaluation methods, exploring
longitudinal effects on students’ career trajectories, and adapting the approach to other sustainability
challenges in materials engineering and product design. Three key takeaways emerge for educators
considering similar binational projects: first, a two-phase residential structure is highly effective for
establishing trust and shared working norms before transitioning to extended online collaboration;
second, clear role allocation from the outset, agreed jointly by faculty at both institutions, is essential
for maintaining accountability and momentum in small distributed teams; and third, embedding an
authentic technical research question creates synergy between sustainability learning, research-methods
training and intercultural competence development, making all three goals mutually reinforcing rather
than competing. The project thus offers a replicable framework for engineering educators seeking to
integrate sustainability research, intercultural competence and digital collaboration into their curricula,
with diversity becoming a lived experience rather than an abstract curriculum objective.
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ABSTRACT

This study explores how multicultural student teams transform culturally grounded divergence into
integrative design outcomes when addressing social loneliness. Drawing on a six-month Global Project-
Based Learning (PBL) programme involving Japanese and Estonian students, the research integrates
cultural framing theory, relational reconciliation, boundary object mediation, and intergenerational
capital. Using a qualitative case study supported by survey data, it identifies a non-linear three-phase
process: culturally distinct problem framing, artifact-mediated negotiation with emergent cultural
brokers, and convergence through hybrid integration rather than compromise. Findings reveal that
generational differences created greater difficulty during solution development than cultural differences,
while intensive face-to-face interaction strengthened trust and communication. The proposed
Multilayered Reconciliation Model conceptualises cultural diversity as an epistemic resource activated
through relational infrastructure, demonstrating how divergence can generate innovation in societal
design collaboration.

Keywords: Multicultural co-creation, societal design, loneliness, cultural framing

1 INTRODUCTION

Loneliness has become a pressing social issue across societies shaped by aging populations, digital
mediation, and shifting family structures. Yet loneliness is not merely an individual psychological state;
it is culturally embedded in norms of belonging, autonomy, and relational obligation. In collectivist
contexts, it may be framed as social withdrawal or failure of communal integration. Whereas in
individualist contexts, it is often understood as emotional isolation despite structural independence. Such
culturally situated interpretations shape problem definitions, responsibility, and intervention logics.
Multicultural Project-Based Learning (PBL) has emerged in design education to cultivate culturally
sensitive innovation. PBL is an educational approach in which learners collaboratively address complex
real-world problems through iterative inquiry and practical implementation. However, while diversity
can enhance creativity, it may also generate misunderstanding, negotiation friction, and power
asymmetries. The key paradox remains: how does cultural divergence become integrative innovation
rather than fragmentation?

Existing research often treats culture as a static variable and focuses on communication barriers or
outcome measures, leaving micro-process mechanisms underexplored. This study addresses that gap by
examining how multicultural student teams reconcile divergent framings of loneliness through relational
mediation, boundary objects, and generational dynamics, proposing a Multilayered Reconciliation
Model of integrative convergence.

2 LITERATURE REVIEW

Cross-cultural collaboration is frequently associated with enhanced creativity and innovation,
particularly in complex design contexts. Early cultural dimension theory conceptualised culture as a
relatively stable attribute shaping communication styles and decision-making patterns [1]. While
influential, such models risk essentialising actors and overlooking situational variability. In contrast,
Swidler [2] reconceptualised culture as a dynamic interpretive “toolkit” activated through interaction.
In design collaboration, this perspective highlights how culturally embedded problem framings shape
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divergent understandings of social issues. Problem framing is central to design practice [3], especially
in societal challenges such as loneliness, where relational norms and moral assumptions vary across
contexts. Loneliness may therefore be interpreted differently depending on cultural expectations
surrounding belonging and interpersonal relationships.

Research on team diversity presents a well-known paradox. The information/decision-making
perspective argues that diversity enhances cognitive resources and creativity [4], whereas social identity
theory emphasises risks of fragmentation through in group dynamics [5]. Yet both perspectives often
treat diversity as an input and performance as an outcome, neglecting the relational processes that
mediate between them. Trust and psychological safety have been identified as enabling conditions [6]
but trust alone does not explain how epistemic divergence becomes integrative innovation.

Within design education, globally networked collaborative learning has been discussed as an approach
for fostering intercultural collaboration and distributed co-creation [7]. However, previous studies have
primarily focused on communication and coordination challenges, leaving the reconciliation process
through which divergent cultural framings become integrated outcomes relatively underexplored.
Relational reconciliation provides a process-oriented lens by conceptualising difference as a dialogical
resource rather than a problem to suppress [8]. In design contexts, reconciliation unfolds through
iterative reinterpretation of problem definitions and solution criteria, aligning with theories of
knowledge co-production [9]. Boundary object theory further specifies material mediation: artifacts
flexible across social worlds enable shared reference without full consensus [10]. Cultural brokerage
complements this process, as liminal individuals translate meanings across contexts [11]. Finally,
intergenerational capital highlights how age and experience structure authority gradients during
convergence [12].

Integrating these perspectives, this study conceptualises multicultural societal design collaboration as a
multilayered reconciliation process structured by cognitive, relational, material, and structural
dynamics._ The proposed Multilayered Reconciliation Model integrates these dimensions to explain how
multicultural teams move from divergence toward integrative convergence.

3 CONCEPTUAL FRAMEWORK AND METHOD

3.1 Conceptual framework: the Multilayered Reconciliation Model

This study proposes the Multilayered Reconciliation Model to explain how multicultural teams
transform culturally grounded divergence into integrative design outcomes. The model rests on three
assumptions: cultural difference appears primarily as variation in problem framing rather than direct
conflict; integration emerges through relationally mediated synthesis rather than compromise; and
convergence is influenced not only by cultural dynamics but also by generational and experiential
capital.

3.2 Research design

This study adopts a qualitative case study methodology to examine the processual dynamics of
multicultural co-creation within a bounded educational setting. Case studies are appropriate for
investigating complex, context-dependent phenomena. Global PBL environments exemplify such
conditions. Rather than aiming for statistical generalisation, the study pursues analytical generalisation
by refining theoretical propositions through in-depth empirical analysis. The case involves a six-month
Global PBL programme (Figure 1).

Japanese and Estonian university students collaboratively designed interventions addressing social
loneliness. The programme included six workshops: online collaboration through Miro and Discord, a
four-day intensive face-to-face workshop, and a final presentation and reflection phase. Teams defined
loneliness in both contexts, conducted research, generated concepts, and developed prototypes.

Global solutions applied to local context Local issues Common understanding, common tools

Online Joint Workshop1 In person Joint Workshop5
(Jun.6) in Estonia (Sep.2-5)

Online Joint Workshop2
(Jun.14)

In person Workshop3-4 I pienrizz::'(rgc\ﬁ;:; :;’pe
Japan 3.Jun.28-29 4.Jul.19-20
Fieldwork, Finding local issues
Estonina Aug.25-29

Fieldwork, Finding local issues

Kick off, Understand theme Designing methodologies,
Skills development and

team rebuilding

Global context expands, Global context xpands broader

Team building Finding global issues and

design desirables creation

possibility of Design Fictions and
apply in 2 cultures context

Figure 1. Global PBL programme
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3.3 Data collection

Data for this study were collected from two primary sources: semi-structured interviews and a post-
programme survey administered at the end of the Global PBL programme. The interviews explored
participants’ experiences with cross-cultural teamwork, perceived challenges, communication
processes, and reflections on collaboration. All interviews were recorded and transcribed verbatim.
Observational data (Figure 2) from the various workshops conducted during the programme were also
collected and analysed.

The post-programme survey consisted of Likert scale items and open-ended questions designed to assess
teamwork satisfaction, perceived cultural and generational challenges, and reflections on
communication and collaborative processes. Although the wider programme included students from
multiple cultural backgrounds, the present study includes only the survey and interview data from five
Estonian students (E_A-E_E) and six Japanese students (J_A—J F). Responses from other international
participants were excluded to maintain analytical coherence and allow direct comparison between the
two focal cultural groups.

All participants gave informed consent. Participation was voluntary, and identifiers were anonymised
using coded labels to protect confidentiality while preserving analytical relevance.

Unguided
M freedom

Ve = / . Q | ) [T& e AN
Figure 2. Global PBL observational data: discussions, pitches, and whiteboards

3.4 Data analysis procedure

A thematic analysis was conducted in three iterative stages to examine the longitudinal dynamics of
multicultural collaboration. First, open coding was applied to qualitative materials—including interview
transcripts and open-ended survey responses—to identify expressions of cultural framing, perceived
misunderstandings, negotiation strategies, mediation practices, and moments of convergence. Second,
axial coding organised these codes according to the divergence—negotiation—convergence process
described in the conceptual framework, enabling systematic comparison of meaning shifts across
phases. Third, selective coding identified core reconciliation mechanisms, such as boundary object
mediation, cultural brokerage, and trust formation, that accounted for movement from divergence
toward integrative outcomes. Coding categories were refined iteratively to ensure alignment with the
Multilayered Reconciliation Model.

The survey included 12 items divided into four domains:(1) participant background (Q1), (2) cross
cultural and teamwork evaluations (Q2—-Q3), (3) perceived difficulty related to cultural and generational
differences (Q4—Q7), and (4) qualitative reflections on cultural, generational, and linguistic challenges
(Q8-Q12).

For analytical purposes, survey items were grouped according to the process phases:

e  Divergence (Q4, Q6)

e Negotiation/Translations (Q5, Q8, Q10, Q11)

e  Convergence (Q2, Q3)

e  Generational comparison (Q4 vs. Q6; Q5 vs Q7)

Descriptive statistics were used to examine patterns of perceived difficulty and satisfaction. Correlation
analysis explored relationships between cross cultural functioning and convergence related outcomes.
Quantitative patterns were interpreted alongside qualitative narratives to validate the identified process
phases and underlying reconciliation mechanisms.

Credibility was enhanced through triangulation of interviews, surveys, and observational data. Member
reflections were incorporated to support interpretive accuracy, and reflexive memoing documented
researcher positionality. Analytical decisions were systematically recorded throughout the process.
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4 RESULTS

4.1 Divergence: cultural and generational framing

The initial phase of collaboration was characterised by divergence in how loneliness was conceptualised.
Survey responses to Q4 indicated moderate difficulty in identifying common loneliness issues across
cultural backgrounds, suggesting early awareness of interpretive gaps. Interestingly, responses to Q6
showed comparable or slightly higher perceived difficulty in identifying issues across age and
experience levels, indicating that divergence was not exclusively cultural but also generational.
Qualitative evidence suggests that divergence manifested primarily in problem framing rather than
interpersonal conflict. Japanese participants tended to situate loneliness within collective belonging and
social withdrawal. One participant explained, “In Japan, loneliness is often hidden. People feel pressure
to belong, and when they cannot, they isolate themselves.” (J_A). Another noted, “It is connected to
social expectations and being part of a group. If you step outside, you feel alone.” (J_C).

By contrast, Estonian participants framed loneliness more as an individual, emotional disconnection. As
one student described, “In Estonia, people are independent, but that independence can create emotional
distance.” (E_B). Another reflected, “Loneliness is not about failing to belong, but about not feeling
understood.” (E_C). These narratives reveal divergent relational logics: one centred on collective
integration and obligation, the other on personal emotional recognition. Importantly, these differences
were not reported as conflictual. Rather, they coexisted as parallel interpretive orientations that
expanded the epistemic scope of the project. Generational divergence also emerged during this stage.
Participants with more design education demonstrated urgency toward structuring and narrowing the
problem, while less experienced members explored meanings more openly. As one participant stated,
“Some of us wanted to move to solution mapping quickly, but others kept questioning what loneliness
really meant.” (E_B). The divergence phase thus broadened conceptual space before convergence
pressures intensified.

4.2 Negotiating and translation: mediating differences

The second phase involved active negotiation. Survey responses to Q5 indicated moderate difficulty in
creating solutions across cultural backgrounds, and Q10 responses revealed that English communication
posed additional challenges. Language limitations shaped collaborative interaction. An Estonian
participant observed, “Sometimes we simplified ideas too much because explaining complex emotions
in English was difficult.” (E_A). A Japanese participant similarly reflected, “I felt I could not express
subtle cultural meaning. [ worried that my explanation sounded too simple.” (J_D). However, linguistic
constraints simultaneously catalysed reliance on visual and material artifacts. Shared storyboards,
sketches, and prototypes functioned as mediating tools. As one participant described, “When we started
drawing together on Miro, misunderstandings reduced.” (E_C). Another noted, “The storyboard helped
us see that our ideas were not opposite but just focused on different aspects.” (J_B). These artifacts
externalised implicit assumptions and shifted discussion from abstract debate to collaborative
modification. Through iterative co-editing, culturally embedded meanings became visible and
negotiable.

Within this negotiation phase, certain individuals emerged as cultural brokers. These participants
translated not only language but also interpretive nuance. One respondent remarked, “She helped explain
what ‘social obligation’ means in Japan in a way we could understand.” (E_B). Another commented,
“He rephrased Estonian perspectives, so we did not misunderstand them as being cold.” (J_A). Broker
roles were not formally assigned but organically assumed, often by individuals with greater international
exposure or linguistic fluency. Yet brokerage entailed emotional labour. As one participant admitted, “I
sometimes felt responsible for keeping the conversation smooth.” (E_A). This suggests that brokerage
functioned as relational infrastructure, stabilising trust but unevenly distributed. Generational dynamics
intensified during solution development. Comparison of Q5 and Q7 indicated that age-related
differences were perceived as slightly more challenging during convergence stages. Participants
reported tensions between experimentation and feasibility: “Senior members were cautious about
feasibility, while younger members wanted bold ideas.” (E_D). Another reflected, “There was tension
between experimenting and refining.” (J_C). Cultural divergence dominated early framing, whereas
generational capital shaped decision thresholds during prioritisation.
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4.3 Convergence: hybrid integration

Despite negotiation challenges, overall teamwork satisfaction (Q2) and perceived cross-cultural
functioning (Q3) were high. Convergence was experienced positively rather than as forced compromise.
Participants repeatedly described final outcomes as hybrid constructs integrating plural logics. One
noted, “Our final concept combined community events with private reflection spaces.” (J_B). Another
reflected, “It was neither Japanese collectivism nor Estonian individualism, it was something between.”
(E_C). Rather than eliminating divergence, teams synthesised it into layered design solutions. For
example, one concept combined small in-person gatherings (reflecting collective integration) with
personalised digital journaling (reflecting individual introspection). Convergence thus embodied
integrative reconciliation rather than assimilation. Face-to-face interaction during the intensive
workshop played a decisive role in this transition. Participants emphasised the rapid strengthening of
relational trust: “After meeting in person, trust increased quickly.” (J_A). Another stated, “Online we
were careful, but in person we could read expressions and build confidence.” (E_B). Enhanced trust
enabled more direct and constructive disagreement without escalation. Importantly, convergence did
not erase underlying difference. As one participant acknowledged, “We still see loneliness differently,
but we created something that respects both views.” (E_C). This suggests integration without
homogenisation.

4.4 Cross-phase patterns

Across the six-month period, the collaboration unfolded iteratively rather than linearly. Cultural
divergence was most visible in early framing stages, expanding its interpretive range. Generational
divergence became more influential during solution prioritisation and convergence. Language
functioned both as constraint and catalyst, limiting nuance but encouraging visualisation. Boundary
objects and emergent brokers stabilised negotiation and enabled synthesis. Overall, the empirical pattern
supports the conceptualisation of multicultural co-creation as a multilayered reconciliation process.
Divergence expanded epistemic possibility; negotiation translated and externalised assumptions;
convergence integrated plural logics into hybrid outcomes. Trust infrastructure and material mediation
functioned as stabilising mechanisms, while generational capital shaped convergence dynamics.

5 DISCUSSIONS

This study examined how multicultural student teams transformed culturally grounded divergence into
integrative design outcomes while addressing the socially embedded issue of loneliness. The findings
suggest that cultural difference should not be conceptualised primarily as a source of interpersonal
conflict, but as epistemic activation. During the divergence phase, Japanese and Estonian participants
articulated distinct relational framings of loneliness—one emphasising belonging and social obligation,
the other highlighting autonomy and emotional recognition. These differences expanded the interpretive
space of the design problem rather than generating antagonism. Culture functioned as a situationally
activated framing repertoire that shaped problem definition without rigidly determining collaborative
trajectories.

The movement from divergence to convergence required structured mediation. Boundary objects, such
as storyboards, visual maps, and rapid prototypes, played a critical role in externalising tacit
assumptions. By shifting interaction from abstract linguistic negotiation to shared artifact modification,
teams were able to reframe differences as complementary rather than oppositional. Language
constraints, particularly operating in English as a second language, reduced expressive nuance but
simultaneously encouraged visual communication. This paradoxical dynamic suggests that linguistic
limitation can catalyse artifact-centred collaboration, strengthening material mediation within
multicultural design processes.

The emergence of cultural brokers further stabilised negotiation. These individuals translated
interpretive meanings and facilitated mutual recognition across cultural contexts. However, brokerage
labour was unevenly distributed and occasionally experienced as emotionally demanding. This indicates
that reconciliation is not purely cognitive but relationally sustained, requiring attention to invisible
mediation work within teams. Integrative outcomes depended not only on tools but also on relational
infrastructure.

Convergence did not occur through compromise or reduction to a lowest common denominator. Instead,
hybrid solutions emerged that embedded plural cultural logics within shared design systems. Teams
combined collective-oriented interventions with individualised reflective elements, demonstrating that
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integrative synthesis can preserve differences while producing coherent outcomes. Trust was
strengthened through face-to-face interaction and proved essential in enabling constructive
disagreement and deeper integration. Convergence should therefore be theorised as hybridisation
facilitated by relational trust, rather than mere agreement.

A notable contribution concerns the role of generational and experiential capital. Survey patterns
indicated that age and experience differences posed greater challenges during solution development than
cultural differences. Cultural divergence expanded problem framing, while generational gradients
shaped convergence thresholds, particularly in prioritisation and feasibility evaluation. This suggests
that multicultural collaboration operates across multiple axes of diversity simultaneously. Cultural
plurality activates epistemic range, whereas generational capital structures decision-making dynamics.
Together, these findings support the Multilayered Reconciliation Model, which conceptualises
multicultural societal design collaboration as a recursive alignment of cognitive framing, relational trust,
material mediation, and structural capital. Innovation emerges when these layers interact constructively.
Rather than managing diversity as risk, educators and facilitators should design conditions that enable
integrative reconciliation.

This study therefore reframes multicultural collaboration not primarily as communication management,
but as a reconciliation process supported through relational trust, material mediation, and hybrid
integration.

6 CONCLUSIONS

This research demonstrates that multicultural societal design collaboration progresses not from
difference to sameness, but from divergence to reconciliation. Cultural framings activate plural
epistemic perspectives that expand interpretive space. Through artifact-mediated negotiation, emergent
brokerage, and trust-building conditions, these perspectives are integrated into hybrid design outcomes.
Generational and experiential differences further shape convergence thresholds, underscoring the
multilayered character of collaborative diversity.

The Multilayered Reconciliation Model reframes multicultural collaboration from conflict management
to reconciliation design. Rather than minimising difference, effective co-creation structurally supports
its integration. In addressing socially embedded issues such as loneliness—where ethical nuance and
cultural sensitivity are paramount innovation emerges not from compromise but from creative
reconciliation.
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ABSTRACT

This study describes the design and implementation of a Pedagogical Innovation Space (PIS) in a higher
education institution. Designed to be dynamic and inclusive, the PIS fosters experimentation,
collaboration and cultural diversity across disciplines such as engineering and design. It operates as an
educational laboratory in which teachers, students and researchers collaborate to create and test solutions
using user-centred and challenge-based methodologies. Inspired by Design Thinking and grounded in
experiential and project-based learning principles, the PIS integrates multiple functional areas —
creative, collaborative, research, interactive, development and presentation — to support transitions
between ideation, experimentation, reflection and knowledge sharing. By linking physical and digital
environments, the PIS fosters active, autonomous and collaborative learning, thereby enhancing
technical, creative, social and empathetic skills. Design Thinking guides the transformation of traditional
teaching models through its human-centred stages of empathy, definition, ideation, prototyping, testing
and continuous evaluation, enabling innovative responses to complex and diverse educational contexts.
The project adopts inclusive and participatory design practices that are in line with contemporary
collaborative design education trends, making equality, diversity, and inclusion (EDI) core principles.
Ultimately, the PIS aims to serve as a reference model integrating education, design, and diversity to
prepare future professionals to develop more human-centred, collaborative, and inclusive solutions.

Keywords: Pedagogical innovation, design thinking, learning spaces, active learning, inclusion

1 INTRODUCTION

The rapid evolution of digital technologies has redefined technical education. The integration of these
tools in the PIS is specifically designed to support the iterative prototyping and technical visualisation
required in engineering and product design curricula. Unlike traditional classrooms, this space allows
for a seamless transition between conceptual sketching and digital modelling, which is essential for
modern design education [1]. The PIS operates as a dynamic laboratory where students and researchers
collaborate to test solutions using user-centred methodologies. In this context, 'diversity' is addressed
through two complementary dimensions to ensure a truly inclusive environment. First, it encompasses
"interdisciplinary diversity,' promoting active collaboration between students from distinct fields like
engineering and design to solve complex problems. Second, it integrates 'functional and inclusive
diversity' (EDI — equity, diversity, and inclusion), ensuring that physical layouts and digital tools are
adaptable to different learning needs and physical abilities [2]. By defining diversity in this dual manner,
the PIS moves from a generic concept to a structural principle that informs both spatial design and
pedagogical practice. design thinking guides this transformation through its human-centred stages—
empathy, definition, ideation, prototyping, and testing—enabling continuous evaluation of pedagogical
effectiveness [3]. By linking physical and digital environments, the PIS fosters active learning and
enhances the technical and empathetic skills necessary for future professionals. This study argues that
the PIS serves as a critical pedagogical enabler by transitioning from lecture-based models to student-
centred learning landscapes. The paper is organised as follows: Section 2 details the design thinking
phases; Section 3 analyses the spatial diagnostics and conceptual design; and Section 4 presents the
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expected outcomes and conclusions.

2 DESIGN THINKING METHODOLOGY FOR THE PIS

The development of the PIS is grounded in a hermeneutical application of Design Thinking (DT),
serving as an interpretive bridge between educational needs and spatial solutions. DT is a highly
effective active methodology for enhancing student engagement and developing the social and technical
skills required in 21st-century education [4]. Rather than a linear sequence, this study adopts DT as a
dynamic framework that informs decisions regarding interior design, technological integration, and
collaborative practices [5] Following the human-centred principles established by Brown [6], the project
was organised into iterative phases:

e Empathy and Definition: Qualitative data from focus groups and spatial diagnostics were
interpreted to identify gaps in traditional lecture-based models, ensuring a deep understanding of
diverse users—students, teachers, and researchers [7]

e Ideation and Prototyping: Drawing on Sawyer’s (2012) [3], principles of creative innovation,
insights were translated into tangible modular zones. This phase focused on the pedagogical benefit
of seamless transitions between conceptual sketching and digital modelling.

e Testing and Validation: This stage ensured that the proposed solutions aligned with the
institution's Equity, Diversity, and Inclusion (EDI) goals, promoting the continuous adaptation of
spaces to a rapidly evolving global context [8].

By linking physical and digital environments through this methodology, the PIS fosters a culture of

active and interdisciplinary learning, allowing stakeholders to collaboratively engage with real-world

challenges (Costa & Barreto, 2024).
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Figure 1. Design Thinking methodology applied to the Pedagogical Innovation Space

Figure 1 illustrates the structured and iterative Design Thinking process applied to the development of
the PIS. Organised into six interconnected phases—Empathy, Definition, Ideation, Prototyping, Testing,
and Implementation/Evaluation—the circular layout emphasises the non-linear nature of this
methodology and its capacity for continuous refinement. In the Empathy and Definition stages,
qualitative tools such as focus groups and spatial diagnostic panels were used to frame the pedagogical
challenges of existing traditional layouts. The Ideation and Prototyping phases focused on generating
spatial configurations that support active learning principles, such as 'Flipped Classroom' and 'Project-
Based Learning' (PBL), ensuring the physical environment acts as a catalyst for creative problem-
solving. Finally, the Testing and Validation stages involved stakeholder feedback to refine the modular
zones, ensuring alignment with Equity, Diversity, and Inclusion (EDI) standards. This hermeneutical
approach reinforces Design Thinking as a reflective framework for creating innovative, technology-
enhanced learning environments

3 DESIGNING SPACES FOR ACTIVE LEARNING

The data collection methods and techniques are primarily applied to the case study classroom at the
School of Education of the Polytechnic Institute of Viana do Castelo (IPVC), which is one of the six
schools that constitute the Polytechnic Institute of Viana do Castelo. The remaining five schools are the
School of Agriculture, the School of Technology and Management, the School of Health, the School of
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Business Sciences, and the School of Sport and Leisure. This provides the empirical basis for defining
parameters that can be transferred to the other spaces analysed. The classroom is predominantly used by
undergraduate and master’s students, faculty members who employ both lecture-based and collaborative
teaching practices, and informal groups that occupy the space during free periods. Its use is intensive,
characterised by frequent transitions between classes, prolonged group activities, and a recurring need
to reorganise the furniture, which is rigid and poorly adaptable. Although the room dimensions (12.05
m x 6.54 m, with a total area of 78.81 m?) are suitable for medium-sized classes, they are insufficient
for certain active learning dynamics without spatial reconfiguration Photographic record of the analysed
classroom, highlighting fixed furniture and limited flexibility (Figure 2).

Figure 2. Existing classroom Figure 3. Spatial diagnostic panel
conditions (Education School of IPVC)

Natural lighting is provided by two large windows with opaque curtains for light control, while the
artificial lighting, though uniform, lacks the comfort required for intensive reading and writing. The
existing furniture is fixed, consisting of individual desks and rigid chairs without casters, which
significantly limits mobility. This layout reinforces a traditional lecture-based model, contrasting with
the needs for flexibility and ergonomics discussed previously. Photographic documentation was
conducted systematically to record circulation flows and spatial conflicts, providing empirical data that
complement the research (Figure 3). Based on these records, a spatial diagnostic panel was developed
to synthesise identified problems and opportunities. This panel serves as an intermediate tool between
empirical observation and the design phase, organising functional and behavioural information to inform
the new layout. The PIS is conceived as a contemporary educational ecosystem designed to address
challenges such as digital transformation and diverse learner profiles. Recent research highlights that
both physical and digital environments significantly influence engagement and learning outcomes
[81,[9]. The PIS is specifically architected to facilitate active learning strategies that, although
established in theory, require specialised spatial affordances to be effective. By integrating modular
layouts and high-tech infrastructures, the space provides the flexibility for Project-Based Learning
(PBL) and Flipped Classroom models, which are frequently constrained by rigid, traditional settings.
Current literature emphasises that flexible spaces are critical enablers of pedagogical innovation
[10],[2]. Collaborative learning areas (Figure 4) feature modular furniture and interactive technologies
that foster teamwork and knowledge co-construction [11]. These zones support both individual
expression and co-creation through activities like brainstorming and prototyping, encouraging divergent
thinking and innovation [3]. Equipped with tools such as 3D printers and interactive panels, students
can translate theoretical knowledge into practical outputs, iterating and refining ideas in a low-risk,
experiential setting.
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Figure 4. Collaborative learning areas Figure 5. individual work and
concentration

In parallel, the PIS incorporates zones dedicated to individual work and concentration (Figure 5),
acknowledging the importance of self-regulated learning, critical reflection, and autonomous study in
achieving deep and sustained learning. These spaces support individual research and inquiry-based
activities, particularly within hybrid learning contexts that combine online and face-to-face components
[11]. Designed for autonomous study, investigation, and reflection, this area provides a quieter and more
controlled environment. It offers conditions conducive to focused activities such as reading, academic
writing, and individual project development. Students are encouraged to explore independently, acting
as active researchers who learn through practice rather than passive listening. Teachers can facilitate
inquiry- and project-based learning, aiming to enhance students’ analytical skills and critical thinking.

"~ Wl |

Figure 6. Pedagogical experimentation and Figure 7. Technological and
prototyping areas multimedia support areas

A distinctive feature of the PIS is the inclusion of pedagogical experimentation and prototyping areas
(Figure 6), conceived as living laboratories for educational innovation. These spaces enable teachers
and researchers to test new pedagogical approaches, digital resources, and emerging educational
technologies—including artificial intelligence-enhanced tools and immersive learning environments—
within a framework of action research and continuous improvement [12], [1]. Additionally, these areas
can serve as flexible meeting spaces, supporting collaborative discussions, workshops, and planning
sessions among educators and research teams. The PIS integrates technological and multimedia support
areas (Figure 7) not merely as infrastructure for equipment, but as a dedicated environment for 'learning
by design' and active knowledge construction. These areas enable students to transition from passive
consumers to active creators of educational content, such as videos and podcasts. Also, the pedagogical
value of multimedia production lies in the externalisation of thought; by restructuring complex
information to communicate it through different media, students engage in deeper cognitive processing
and synthesis [13]. Furthermore, this production-oriented approach fosters 'digital agency'—a critical
competency in modern engineering and design education—ensuring that students develop the technical
and reflective skills to solve real-world challenges through diverse representational formats.
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Figure 8. Examples of informal meeting and socialisation spaces

Informal meeting and socialisation areas (Figure 8) are essential for promoting well-being and the
development of 'communities of practice.'! These environments facilitate spontaneous knowledge
exchange and interdisciplinary collaboration, fostering a sense of belonging that is critical for
sustainable pedagogical innovation and student success [14], [2]. In conclusion, the PIS represents a
dynamic and flexible learning ecosystem aligned with international trends in educational transformation.
By strategically integrating space, pedagogy, and technology, the PIS moves beyond traditional
instruction toward active, learner-centred approaches. This model not only supports the immediate needs
of Engineering and Design curricula but also contributes to the long-term quality, relevance, and
sustainability of teaching and learning processes in higher education.

4 CONCLUSIONS AND FUTURE WORK

The development of the PIS marks a strategic shift from traditional, rigid educational settings to a
dynamic, flexible and inclusive learning ecosystem. This research shows that shifting from conventional
lecture-based models to active, collaborative learning environments requires a robust methodological
framework based on Design Thinking principles. This approach ensures that spatial, pedagogical, and
technological solutions remain genuinely user-centred and responsive to users' needs. An empirical
analysis conducted in a classroom at the School of Education of the Polytechnic Institute of Viana do
Castelo, used as a case study, highlighted that fixed furniture and limited spatial adaptability can restrict
collaboration, experimentation, and the iterative processes, which are all essential in design and
engineering education. In response, the PIS incorporates designated areas for collaboration, independent
study, pedagogical experimentation and multimedia production. This configuration fosters co-creation,
rapid prototyping and reflective learning, supporting the construction of both individual and collective
knowledge Equality, diversity and inclusion (EDI) are positioned as core principles of the project. The
PIS was designed to ensure accessibility, participation and adaptability in response to the increasing
diversity and complexity of contemporary higher education contexts, promoting inclusive learning
experiences for all users. Although this study focused primarily on the conceptual design and initial
implementation of the PIS, future work should place greater emphasis on the testing and validation
phases of the design thinking methodology. Systematic testing of spatial layouts, pedagogical scenarios,
and technological tools in real educational settings is essential for assessing usability, learning
effectiveness, inclusivity, and user satisfaction. Longitudinal evaluation will enable strengths,
limitations and necessary adjustments to be identified, supporting continuous improvement and long-
term sustainability. Regarding the current stage of the project, it is important to acknowledge that as a
conceptual and procedural proposal, this study does not yet include post-implementation empirical data.
The primary focus remains on the methodological framework and the design of the PIS ecosystem.
However, the transition from theory to practice involves inherent challenges that must be addressed to
ensure long-term sustainability.

Implementation costs, particularly concerning modular furniture and high-end technological integration,
represent a significant factor for institutional scalability. Furthermore, the effectiveness of these flexible
spaces is deeply dependent on faculty training; without pedagogical support to transition away from
traditional lecture-based models, the physical affordances of the PIS may remain underutilised. Finally,
maintenance protocols for mobile equipment and specialised digital tools are essential to prevent
technical obsolescence and physical wear. Future longitudinal studies will be fundamental to provide
quantitative metrics on student engagement and usability, validating the scalability of this model to other
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units within the institution. Several directions for future research are therefore proposed. Firstly, the
scalability of the design will involve adapting the spatial and pedagogical guidelines developed in this
study for an additional four classrooms in other PUVC schools, while respecting the specific disciplinary
and material conditions of each context. Secondly, the spatial impact of flexible and modular learning
environments on student engagement, collaboration and the development of transversal skills compared
to traditional classroom settings will be assessed through longitudinal studies. Thirdly, the integration
of emerging technologies will involve incorporating artificial intelligence—enhanced tools and
immersive learning environments (VR/AR) into prototyping and experimentation areas, thereby
extending the boundaries of physical and digital educational practices. These developments are intended
to enable the Pedagogical Innovation Space to evolve as a living laboratory for pedagogical innovation,
thereby reinforcing its role as a reference model for inclusive, collaborative, and future-oriented design
and engineering education.
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ABSTRACT

This study explores how female design engineers’ skillsets evolve across career stages, how
development pathways differ by gender and experience compared with previous data, and the
implications for engineering education. Thirteen female design engineers were interviewed and grouped
into Novice, Intermediate, and Expert categories to simulate a quasi-longitudinal view of how skills
develop over time. Using an established skill-card method from two prior studies, participants identified
and scored their skills before categorising them as Specialist or Multidisciplinary, and their profiles were
analysed through T-shaped model theories. Findings showed both skill depth and the number of
specialist skills typically increasing with experience, especially early in practitioners’ careers. Many
profiles did not fit predefined T-shapes. Compared with the previous results (that were almost entirely
male), female participants selected fewer skills with larger gaps between their self-assessed and
researcher-assessed scores confirming internalised gender bias. Overall, the study highlights the need
for engineering education to counter stereotype-driven self-doubt, make technical achievements more
visible to validate skills, ensuring that women are not unintentionally steered into ‘soft-skill-heavy’ roles
at the expense of technical progression. Engineering education should support flexible, individually
varied skill development rather than expecting students to conform to rigid models of expertise.

Keywords: Skill profiling, female design engineers, career progression, inclusive curriculum design

1 INTRODUCTION

This study explores how female design engineers’ skillsets evolve across career stages and how
development pathways differ by gender and experience compared with previous data, with implications
for engineering education. Wider, and important, diversity issues associated with race, cultures,
locations, ethnicity or age were not the focus of this study. In this paper, design engineers are defined
as practitioners whose roles focus on the research and development of ideas for new products and
systems, or the redesign of products and processes to improve their performance.

1.1 What is the T-shaped design engineer?

The ‘T’ represents desirable design-engineering capability: the vertical bar signifies deep expertise,
while the horizontal bar indicates breadth across disciplines and the soft skills needed for collaboration.
Companies such as IDEO, Google, Apple and Toyota endorse this structure [1]. Other variants of the
model—including the I-shape, pi-shape, and X-shape—also feature in industry; for example, Airbus
describes its ideal engineer as pi-shaped, showing deep technical experience and innovation competency
and able to work across business functions [2].

1.2 How T-shaped theories a have been discussed in education research

Design engineering relies on both technical and interpersonal skills, requiring curricula that balance
technical proficiency with communication and open-ended problem-solving. Literature suggests
engineering programmes often produce I-shaped graduates who broaden into T-shaped profiles over
time [3],[4]. Developing T-shaped capability earlier requires educational experiences that simulate
professional practice rather than traditional lectures. Industry places strong emphasis on soft skills such
as communication, teamwork, leadership and creativity [5], yet higher education frequently undervalues
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them. While most authors discuss skill-shape theories conceptually, only our previous studies [6],[7]
have attempted to construct quantified individual skill profiles.

BREADTH

knowledge, experience, skills, contexts

I-shaped T-shaped Pi-shaped Comb/M-shaped
1 area of specialism awareness across topics + awareness across topics + awareness across topics + multiple
1 area of specialism 2 areas of specialism areas of specialism

DEPTH

domain expertise, technical skills

Figure 1. Basic visualisation of the ‘T-Shape’ model theory and the variations in the
literature

1.3 Findings from previous studies using the method

Our previous studies (in 2019 and 2023) examined how design engineers’ skills develop across a career
and whether real-world profiles reflect T-, Pi- or M-shapes. Across 33 participants—11 novices, 11
intermediates and 11 experts—over 33 hours or 220,000 words of transcribed text were analysed,
generating detailed profiles. Findings showed M-shaped profiles were most common, characterised by
multiple specialist areas supported by broad multidisciplinary capability, with both skill depth and
number of specialist skills increasing with experience. However, the data set was not gender-balanced:
only one female participant was included. Figure 2 illustrates a sample of the dataset showing the profile
shapes generated (labelled in red the 2019 participants, in black the 2023 participants).

WA B O

18 (N6) — 4yr 14 - 4.5yr 16 - 5yr 12 -6yr 14 - 6yr I1-6yr 17 - 6yr 13- 6.5yr 15-7yr

Figure 2. Samp/e of Intermediate skills profiles from the methodology [7]

1.4 What we know about female design engineers’ skillsets across their career stages
Prior research identifies persistent gendered patterns: women often experience lower professional
confidence and underestimate their technical abilities despite equal performance. Cech et al. [8] used
longitudinal panel data to show that women’s lower professional role confidence—rather than family
plans or maths self-assessment—significantly reduces the likelihood of remaining in engineering, with
women often underestimating their technical abilities despite equal performance. Naukkarinen and
Bairoh [9], using cross-sectional survey data from over 4,000 early-career Finnish engineers, similarly
found systematic gender differences in valued skills and professional identities, with women prioritising
social and interpersonal skill development and facing identity-related pressures that may heighten
attrition.

This study adopts a mixed qualitative—quantitative approach to construct skill profiles for female
engineers for comparison with our previous studies where 32 out of 33 participants were male.
Addressing the lack of gender diversity in engineering design education requires understanding the
experiences of female design engineers. This study therefore examines how the skillsets evolve across
career stages to inform recommendations for curricula and support.

2 METHODOLOGIES

Cederberg et al. [3] conducted before-and-after studies using questionnaires and interviews, showing
that participants in Saab Aeronautics’ Advanced Engineering Training Program (AAETP) expanded
their T-shaped competencies effectively; one senior systems engineer, studied in detail, developed
considerably greater breadth and depth. However, the methodology for the present study mirrored our
own previous work [6],[7] as closely as possible, but this time thirteen female design engineers were
recruited through academic networks, professional contacts, and social media. All participants were
categorised into Novice, Intermediate, or Expert groups based on years of practice, using thresholds
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aligned with job descriptions and the premise that professional expertise typically requires around ten
years’ experience [10]. This produced a sample of four Novices, five Intermediates, and four Experts.

2.1 Data collection process

Data was collected through semi-structured interviews conducted via Microsoft Teams. This provided
a consistent framework aligned with the previous studies while allowing flexibility for participants to
elaborate on their experiences. Interviews were recorded, anonymised and structured into four sections.
The first gathered contextual background—educational history, job role, industry sector and career
trajectory—to confirm each participant’s experience classification and contextualise later analyses.

Table 1. Anonymised description of the UK-based research participants

L Experience ; .
Participant Education Level Job Description
(years)
N1 1.5 5th Year IDEUG  |Design experience with a global product design and technology company.
N2 1.2 Sth Year Aero Eng UG |Design experience with a robotics company in the aerospace industry.
N3 1 4th Year IDE UG Design experience with a design consultancy specialising in electrical power systems
N4 1 4th Year IDE UG Design experience with a medical design company
11 5 MEng Design experience in the cosmetics industry
12 9 MEng Senior mechanical and project engineer for an engineering and design consulting
13 7.5 MEng Design experience in the medical device industry
14 2 MEng Design experience in the household appliances company
15 3.5 MEng Design experience in the automotive industry
E1l 18 BEng Design experience in the automotive industry
E2 16 BEng Design experience in the building services industry
E3 14 PhD Design experience for a design company
E4 11 MEng Design experience in the structural design consultancy industry

The interview used a set of 47 design-engineering skills, grouped into 13 categories to help participants
identify which skills they possessed. These categories included: Mathematics; Fundamental Engineering
Design Skills; Specialist Engineering Skills; Dynamic and Static Analysis; Practical and Manufacturing
Skills; Design Communication; Creative Skills; Software Skills; Interpersonal and Personal Skills;
Management and Leadership; Business and Economic Skills; and any Additional Skills participants
wished to add. Each category contained specific skills (e.g., CAD, FEA, Concept/Sketching, Report
Writing, Rapid Prototyping, Leadership, etc), which participants sorted into ‘Possessed’ or ‘Not
Possessed’ before rating proficiency. This produced a comprehensive inventory of each participant’s
perceived skillset and allowed comparison with the previous studies. In the third interview section,
participants completed a structured assessment for every skill they identified as possessed. For each,
they provided a self-rated proficiency score from 1 to 10, described how frequently they used the skill,
and gave a brief workplace example illustrating its application. These three elements formed the core
quantitative dataset: proficiency scores represented perceived capability, utilisation descriptions were
later converted to numerical utilisation scores, and examples were used to allocate assessor-derived bias
scores. Together, these captured both depth of skill and practical workplace use. In the fourth
participants sorted their skills into specialist (skills they believed they had specialised in) and
multi-disciplinary (more general skills used across engineering design disciplines or projects). This
enabled construction of individual skill profiles, with multidisciplinary skills positioned at the top of the
diagram and specialist skills at the bottom, and bar depth proportional to normalised proficiency. These
visualisations supported interpretation of each participant’s skill ‘shape’ (e.g. T-shaped, I-shaped, etc).

2.2 Data analysis method

Data analysis followed the procedures used in previous studies to ensure compatibility. Proficiency
scores were normalised through a multi-step process addressing self-assessment bias and variation in
skill-use frequency. First, a Weighted Proficiency Score was calculated by combining the self-assigned
proficiency score with a numerical utilisation score derived from the participant’s description of
frequency of use. Second, a Bias Assessment Score was assigned by an assessor to moderate variance
in self-reported skill levels. For this, four skills selected by all participants—Mechanical Design, CAD,
Rapid Prototyping and Responsibility—were assessed using the participant’s descriptive examples and
predefined marking schemes based on Choulier and Weite’s framework [11].
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Figure 3. Data analysis and normalisation process

Third, the difference between each participant’s weighted score and assessor score was averaged, and
this correction factor was applied across all skills to generate the final Normalised Proficiency Scores
used for analysis. Individual skill profiles were then produced by plotting the normalised scores for each
participant’s specialist and multidisciplinary skills. These profiles visually represented the relative
breadth and depth of skills within and across experience groups and enabled evaluation of whether each
participant’s pattern aligned with established skill profile ‘shapes’.

3 RESULTS AND DISCUSSION

Figure 4 shows an example of the T-shaped profile produced by the method. The height or depth of each
bar presents the score for the selected skill. Participants place their specialist design skills pointing
downwards to form the vertical bar of the T, in line with the theory, while multidisciplinary skills are
shown across the breadth at the top. The colours correspond to the 13 skill categories, although these
are not analysed in this paper. Reviewing the full set of profiles visually supports a qualitative discussion
of' how the specialist skills of female design engineers change over time and what types of specialisations
emerge across career stages.

However, analysing the differences in skill scores between this study and the previous studies allows
exploration of how skill evolution differs between females and males across career stages. For example,
Figure 5 shows that participants in the previous studies consistently selected more Multidisciplinary and
Specialist skills than the female participants in the equivalent experience categories. However, the
female participants averaged higher scores for all skills (except the Novice group’s Multidisciplinary
skills).
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Figure 4. Example of one participant’s T-shaped design skill profile
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Figure 5. Comparing the average number of Multidisciplinary and Specialist skills selected
(left) and their average score across career stages (right)

In terms of how skills develop across careers, we see in both the female participants and the previous
cohorts that several skills increase through the different career stages as expected (for example,
creativity, report writing, problem solving and communication skills), while many specific skills peak
during the intermediate stage (such as workshop, prototyping and CAD skills). There are also notable
patterns in management and leadership skills. Figure 6 shows that Expert female participants scored
higher than their Expert counterparts in the previous studies in Leadership (8.04 vs 6.29), Conflict
Management (7.64 vs 5.31) and Management (8.17 vs 6.57), whereas the previous cohorts consistently
scored higher in Economic Analysis (2.88 vs 4.80) and Business Analysis (2.80 vs 4.60). This may
indicate that female careers in engineering design place greater emphasis on managing people.
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Figure 6. Average Management Skills/Leadership score (left) and Average Business Skills
score (right)

The bias-assessment scoring also showed notable differences between the studies. Expert and
Intermediate female participants under-scored their proficiency by an average of 0.66 and 0.65, whereas
participants in the previous studies were more accurate in their self-assigned scores. Their Intermediate
and Expert self-assessments over-scored their proficiency by only 0.16 and 0.01 respectively. In the
novice cohorts there was no clear directionality in the data, some over-scored some under-scored.

4 DISCUSSION AND CONCLUSIONS

The results suggest a difference in the T-shapes of female design engineers compared with the
mostly-male cohorts from previous studies. The findings echo Cech et al.’s work showing that women
disproportionately underestimate their engineering competence despite equivalent performance [8],[12].
This indicates that women may benefit from educational environments that counter stereotype-driven
self-doubt and make technical achievements more visible to validate skills.

In later career stages, female design engineers often showed stronger interpersonal and management
skills, aligning with research suggesting women tend to value and develop social, collaborative and
leadership capacities [9]. Educational programmes should recognise these strengths while ensuring they
do not unintentionally steer women into ‘soft-skill-heavy’ roles at the expense of technical progression.
Intentional changes to curricula, activities and faculty culture such as frequent low-stakes feedback,
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iterative skill validation in technical tasks and technical specialisation pathways in later years, may help
female engineers develop stronger professional engineering identities.

Engineering education may help broaden career outcomes for female engineering designers by
embedding objective, multi-method skill assessment and clarifying their technical capability. However,
as this research shows that real-world skill profiles rarely map neatly onto idealised shapes such as the
T-profile, education should aim to support flexible, individually varied skill development rather than
expecting students to fit rigid models of expertise, as also proposed by Tranquillo [1].

4.1 Limitations of the study and future work

Although this procedure produced rich data, interpretation was constrained by the small sample size.
Given the time limitations of this research, a cohort-based method was selected to explore skill profiles
across career stages. How closely it mimics longitudinal data can only be determined by conducting a
longitudinal study and comparing results. Future work should therefore involve a larger and more
diverse sample, ideally tracking design engineers through key career stages, to map skill evolution more
accurately. Nevertheless, close adherence to the previous methodology and the structured interview
format ensured that the results were robust enough to support meaningful comparisons.

Examining the T-shaped profiles across the studies showed they were useful for qualitative discussion,
but they have not been effective in detecting patterns across career stages. A key issue is that allowing
participants to define which of their skills they consider ‘specialist’ and which ‘multidisciplinary’,
means the profiles have no common framework. Future work should establish which skills should be
considered specialist (downward) and multidisciplinary (across the top) and reorganise the data
accordingly. This may reveal clearer patterns in how skills evolve through career stages when using
these cohort-based studies.
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ABSTRACT

In the wake of the design thinking hype, the design discipline has expanded far beyond the boundaries
of the physical product. Systemic design, public design, responsible design and more-than-human design
-to name a few- are shifting design practice towards the intangible, the relational and the pluriversal.
Although knowledge of the history of the design discipline can still be seen as foundational for the
development of future design practitioners, the traditional focus on individual product designs and their
individual (male) designers along the chasm of modernism-postmodernism, no longer seems to fit. In
this paper I propose an alternative approach in teaching first year industrial design engineering students
about design history, reframing design history education as a tool for disciplinary sense-making. Rather
than following a canonical chronology, historical content is organised around themes relevant to
contemporary Industrial Design Engineering practice, helping first-year students understand why the
various topics of their programme matter. The approach thus aims at providing historically informed
answers on contemporary design topics, in order to equip the students with a clear starting point for their
task of shaping a desirable future.

Keywords: Design history, design education history,
design culture

1 INTRODUCTION

Design history education has been approached from different perspectives. Each perspective resulting
in a different view on design history and subsequently also with different outcomes and contributions to
design education and design practice. For design history education at the Industrial Design Engineering
schools in the Netherlands, the perspectives that have been used can be characterised by the keywords
‘historic’, ‘cultural’, and ‘methodical’ [1]. These approaches are mainly focussing on using the
knowledge of design history for inspiration in contemporary design. When our programme management
asked to incorporate design history as a subject in the very first module of the new Industrial Design
Engineering (IDE) bachelor curriculum of the University of Twente, I took the chance to develop a new
reason for teaching design histories; making sense of the discipline. Now that in the wake of the Design
Thinking hype the discipline has broadened extensively [2,3], it can be hard for freshmen to understand
what type of professional they will develop themselves towards. Especially with all the new topics that
came with this shift from merely designing products to designing for transitions in a systemic way [4].
In this paper I will elaborate on how I used design histories to let the students make sense of their future
discipline. The paper will start by discussing the theoretical backgrounds for the decision to adopt this
new approach. Then, from the selection of relevant course contents and presenting some examples from
the lectures the paper will conclude with a discussion on the feedback from the students.

2 HISTORY OF DESIGN HISTORY EDUCATION

When [ studied IDE at the Delft University of Technology myself, design history was taught like general
history in a classical way. The history of design was approached as a history of events, leading to a
timeline or a canon of important artefacts, designers, and design ideas. The courses were also delivered
from textbooks [5,6] that presented the history of design in chronological order. In order to better
understand the emergence of certain design movements and their ideas this approach was later
complemented by the emphasis on the cultural component in the history of design. This approach [7-9]
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7KH 'HVLJQ 6RFLHW\ KWWSV GRL RUJ HSGH

@ 9REWH ( HW DO ,QQRYDWLQJ D /DUJH 'HVLJQ (GXFDWLRQ 3UR.
6KH -L 7KH -RXUQDO RI 'HVLJQ (FRQRPLB® D@G ,RWRBYWLRRL R

M VKHML
@ 9DOWRQHQ $ $SSURDFKLQBRKDRIRKH WKXDQDBO ®I'HALLUIQ (FR
DQG ,QQRYDWLRQSS + KWWSV GRL RUJ M VKHML

@ +HYVQNEXWWWULDO 'HRIQQ®RQ 7KDPHV DQG +XGVRQ

@ 6SDWNELDQ 'HVLJIQ WR WRIQGBQHVHKOQWHY DQG +XGVRQ

@ )RYEWMHFWYV RI 'HVLUH 'HVLJQ DQG/RRRLRIQV\7KIDPHY DQG +XGVR
@ 6X&MOW '2EMHFWVY 7KH &RPSOHWH *R@GGRW R 3COML.QLUQ W $00

@ GHHHWMOHNWULVFKH KXLV 9RUPJHYLQJ HQ DFFHSWDWLH YDC
DSSDUDWHQ L@ 7IKHG HUMMWWBLF 'ZHOOLQJ 'HVLJQ DQG DFFHSWDQF
HTXLSPHQW LQ WKH 1HWKHUODQGV @ '"HOIW 8QLYHUVLW\ RI °
@ (JIJLQN : $ &KDLU WR /RRN WR WKH ORRQ :KDW :H &DQ /HDUQ |
&RQWHPSRUDU\ '"HHVIQ BBDEQEESOHY DQG 3UDFWLFHV $Q ,QWHU:

Ss +
@ (JILQMH:5HLQYHQWLRQ RIQVKM HBHOB\HW®HO (GV  3URFHHGLQ
FRQIHUHQFH RQ 'HVLJQ (PRWLRQ &KLFDJR 2FW 7KH "HVI

@ (JILEXDHV Rl 8QUXO\ 'HVLJQ /HVVRQV IURP WKH +LVWRU\ RI D¢
8QLYHUVLW\ Rl 7ZHQWH (QVFKHGH WKH 1HWKHUODQGYV UHWULE
SXEOLFDWLRQV UXOHV Rl XQUXO\ GHVLJQ OHVVRQV IURP WKH KL\
@ 9DOWRQHEDBGHYV + DQG 6L[ 'LITHUHQW 5R 03DS HRU SW KN H Q B/X\GW U
DW WKH 1RUGLF 'HVLJQ 5HVHDUFK FRQIHUHQFH 1RUGHYV ,Q V
0D\ KWWSV DUFKLYH QRUGHV RUJ LQGH[ SKS Q DUWLFOH Y
@ 'XEEHKAOH+6KRXOG 6WRS 'HVFULELQJ 'HVIQJQ.DYOBQRE®HP 6RO
$IWHU WKH %DXKDXV %HIRUH WKH ,QWHUQHW $ +LVWRU\ RI *UDSE
&DPEULGJH 0$ SS +
@ .REAXKYWQJH $JHQWV 'HVLJQHUV ,QWHUSUHWLQJ 3WKH 6RFLDO" T
'"HVLJ@ . 9DHV - 9HUOLQGHQ (GV S3URFHHGLQJV RI WKH &XP X
3RVLWLYH 'HVLJQ IRU 7TUDQVIRUPDWLRQ &XPXOXV $QWZHUSHQ
@ GH %RHBSRHEMUDQJ 7RPRUURZTV ,QGXVWULDO 'HVLJQ (QJLQHHL
-RXUQH\ DW WKH 8QLYHUVLW\ RI 7ZHQWHYI® )BDXXB WK \RHWQDDQHHU
(GV 3URFHHGLQJV RI WKH QG $QQXDO &RQIHUHQFH RI 6(),
(QJLQHHUV BHSW /DXVDQQH KWWSV GRL RUJ =(12'2
@ (JIJLQN : DQG®BPDMNHWHVLIQ 6WXGHQWY 5H )L@DPLQJ 'HVLJIQ (G X
%RKHPLD %XFN *ULHUVRQ (GV 3URFHHGLQJV RI WKH WK ,QW
(QJLQHHULQJ DQG 3URGXFW 'HVLJQ (GXFDWLRQ ( 3'( 8QLYHUVLV
7KH 'HVLJQ 6RFLHW\ KWWSV GRL RUJ (3'(
@ .DPS $ DQG ,PIDRAWHQ SOREDO )RUFHV DQG (PSRZHULQJ 6LWXD
(GXFDWLRQ,RQ %M|UNTYLVW HW DO (GV 3URFHHGLQJV Rl WKH
&RQIHUHQFH 7XUNX )LQODQG -XQH SS +
@ 7TXLMWKKHOLRU )HOORZV K3IBSHW ISQUHHNWMHIQQUHG DW WKH 7HDFKLQ.
JHOORZV &RQFOXGLQJ (YHQW &HOHEUDWLQJ LQFOXVLYH FRPPXQ
'"HVLJQ/$% 8QLYHUVLW\ RI 7ZHQWH (QVFKHGH
@ OXOGHU BLMINDPSHUO\ $SSURDFK WR WKH 'HYHORSPHQW RI %U|
WKH 'LYLGH EHWZHHQ %HKDYLRXUDO 5H¥HDIFKY BQBLWVRIQ 6FLH
7ZHQWH KWWSV GRL RUJ
@ (YREBOXDWLRQ RI ,'( %6F ORGBQIXEOLVKHG UHSRUW 8QLYHU\
7ZHQWH (QVFKHGH WKH 1HWKHUODQGYV
@ YDQ %HUY%DRKHGRWIDIRG 0DVWHU ,QGXVWULDO 'HVLJQ (QJLQHHU
OLGWHUP 5HYLHZ RIROQWRQGHU]JRHN DFFUHGLWDWLH 8WUHFKW
@ (YRERFOXVLRQ OLG 7THUP ,QWHUYLHZ ,'§ SOHRQHAK HFED O HSSRRQMWWH
8QLYHUVLW\ RI 7ZZHQWH (QVFKHGH WKH 1HWKHUODQGV
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