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E&PDE 23 Foreword

Responsible innovation for global co-habitation

The 25th International Conference on Engineering and Product Design Education (E&PDE) with the
theme ‘Responsible innovation for global co-habitation” was held at the ELISAVA, Barcelona School
of Design and Engineering, UVIC-UCC on the 7" and 8" of September 2023.

The conference was hosted by the ELISAVA, Barcelona School of Design and Engineering, providing
the principal locations and support for the conference. The conference was planned and arranged
with the Design Education Special Interest Group (DESIG) of the Design Society, and the Institution of
Engineering Designers (IED).

The E&PDE conference was initiated in 1999 in the United Kingdom and was consolidated as an
international conference in 2004, alternately taking place in the UK and abroad. Its objective is to
facilitate the bringing together of people from within education and industry who are interested in
sharing expertise on the implementation and analysis of contemporary and developing
methodologies in engineering and design education. It provides educators and researchers from
product development, engineering and industrial design, together with industry and government
representatives, with a platform for discussion on topical educational issues in design education and
its future direction.

In 2019, the conference introduced visual papers where sketched images are essential in
communicating the primary information, and text plays a supporting role. Visual papers aim to
contribute new knowledge that have educational or research interest of the conference.

Conference theme

Design and Engineering have innovation at the core of their professional practice. Innovation might
come from a technocentric drive, pushing technology to new limits without considering why or how
that affects us as a society and a global community. The environmental crisis and the lack of
improvement in areas such as pollution, biodiversity loss and climate change, demands that our
efforts focus into new ways of co-habiting the spaces we share with each other, be it other cultures,
other species, and the diverse eco-systems that support us. Therefore, we would like to dedicate the
E&PDE 2023 conference to consider and expand the professional and pedagogic role that designers
and engineers have in engaging on Responsible Innovation for Global Co-habitation that allows us
to create futures that are inclusive, fair and pluralistic.

These proceedings are based on a call for papers that aims to:
e Share and improve design and engineering education, teaching and learning experiences
o Develop educational concepts and strategies to help students and graduates address current
and future challenges
e Provide a platform to engage a wide and diverse community of participants and explore the
various themes from different perspectives

These aims were addressed through the following conference tracks related to Engineering and
Product Design Education:

e The effect that design and engineering have on global co-habitation

e Responsible innovation in design and engineering education

e Professional perspectives for design students in a pluralistic future

e |nternational, multi-sectorial or multispecies collaborations

e Ethical, social and/or environmental issues in design and engineering, and their education

e Design and engineering as agents of regeneration and transformation



Design and engineering from under-represented perspectives

The potential of interdisciplinary activities to foster responsible innovation
Sustainable development and working towards UN Sustainable Development Goals
Established, alternative and emerging educational paradigms to equip engineers and
designers for future challenges

During the conference over 150 participants from 24 countries delivered 4 workshops and 116
presentations. The initial conference call attracted 219 abstracts including 3 visual papers and 48
student contributions. After double blind peer review process of the full papers, 119 contributions
were selected to be included in the 2023 E&PDE proceedings.

Keynote speakers were invited to discuss the topic of the conference. Clara Guasch Sastre who
works in the strategic material and innovation development, spoke on her background and interest
in systemic change through circularity and for more sustainable options. Clara was part of the core
group for the Better Cotton Initiative in its initial and consolidation stages. At IKEA she also led the
agenda for material and innovation development for textiles. In Elisava she takes part in the DTNM
(Design Through New Materials) Master. She has lectured at ETP Textiles in Brussels, at DAE in
Eindhoven, at the Volkenkunde Museum in Leiden and at MA-DE in Barcelona. She is a member of
the council of the Urban Innovation Platform for Barcelona, BitHabitat, and of Hemp the Climate, an
organization that supports the development of hemp as a climate positive industrial material
re/source. As a consultant and advisor on strategic material and innovation development, Clara is
helping companies shift towards more sustainable models. She wants to see positive change
happen. To that end, she engages in different initiatives across various sectors. Whilst she keeps
researching materials and innovations in connection to sustainability.

John Thackara was the second invited keynote speaker. John is a writer, advisor and event producer.
For more than thirty years he has travelled the world in search of stories about the practical steps
taken by communities to realise a sustainable future. John is the author of a widely-read blog and of
How To Thrive In The Next Economy. His previous books (among twelve in total) were Wouldn’t It be
Great If... and In the Bubble: Designing In A Complex World (MIT Press). At the time of the
conference, John is visiting professor at Tongji University with a focus on urban-rural reconnection; a
senior fellow at the Royal College of Art; a Fellow of Musashino Art University in Japan; and visiting
professor at Milan Polytechnic University.
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. inspire
achieve

Established in 1945, Incorporated by Royal Charter in 2012, the Institution of
Engineering Designers is the premier organisation in the UK to represent
those working in the many fields of engineering and product design.

Our members enjoy a range of benefits, including mentoring and guidance to
professional registration, exclusive access to our job board and newsletters to
keep members up to date with relevant developments and events. We host
regular events which offer our members the chance to network with other
professionals and members receive the Institution’s bi monthly journal —
Engineering Designer.

We are committed to encouraging CPD for all our members and support
ongoing training and skills development.

We offer a wide range of professional registrations: our own register for
professional product designers includes the exclusive Chartered
Technological Product Designer (CTPD) which is on a par with all other
Chartered registrations and exists to provide professional recognition and
standing to those suitably qualified and competent persons working in Product
Design, with the sister grade of Registered Product Designer (RProdDes) for
those not working at Chartered level.

We are licensed by the Engineering Council to assess candidates wishing to
join the register of Professional Engineers and Technicians and we also
accredit academic and training courses, for registration with either the
Institution or with the Engineering Council. Those members who achieve the
appropriate academic and competence standards receive Chartered
Engineer, Incorporated Engineer or Engineering Technician status.

We are also a licensed body of the Society for the Environment and are able
to register suitably qualified and competent members as Chartered
Environmentalists (CEnNv).

We welcome members from any organisation that has a design function and
employs design engineers and we have many academic teaching staff in
membership. To find out more about becoming a member of the IED and a
professional registered designer go to http://www.ied.org.uk
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the

Design Society

a worldwide community

The Design Society is an international non-governmental, non-profit making
organisation whose members share a common interest in design. It strives to
contribute to a broad and established understanding of all aspects of design
and to promote the use of results and knowledge for the good of humanity.

The Design Society was founded in 2000, taking on the previous activities and
responsibilities of the Workshop Design Konstruction (WDK) Society,
especially the organisation of the International Conference on Engineering
Design (ICED) series of conferences, which had been running since 1981.
Since 2000 the Society has organised ICED conferences in Stockholm,
Melbourne, Paris, Stanford, Copenhagen, Seoul and Milan. The upcoming
2017 conference will be hosted in Vancouver.

The Society has members from over forty countries and it organises very
popular events such as the Engineering and Product Design Education
conferences and the International Conference on Design Creativity among
many other activities. The Society is very active in publishing papers and
proceedings on design topics, and it has a developing portfolio of other design
resources available to members including a repository of theses and
collaborative agreements with a number of design research journals.

The Design Society concentrates on activities that transcend national
boundaries, and, where possible, will seek to complement national activities.
The objects of the Society are to promote the development and promulgation
of understanding of all aspects of design across all disciplines by:

e Creating and evolving a formal body of knowledge about design

e Actively supporting and improving design research, practice,
management and education

e Promoting co-operation between those in research, practice,

management and education

Promoting publications and their dissemination

Organising international and national conferences and workshops

Establishing Special Interest Groups and other specialist activities

Co-operating with other bodies with complementary areas of interest

The Design Society is a charitable body, registered in Scotland, number
SC031694. Registered Company Number: SC401016.

The Design Society is open to new members.
www.designsociety.org
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ABSTRACT

This paper is an ongoing research study that highlights sustainability and social ventures to create
connections between academic and business world to design towards the new functions of XXI century’s
reality. The authors underline how design practices can help to create a pilot project, implementing
social changes. This means that governmental inefficiency presents as a new problem that designers,
educators and entrepreneurs must face, demanding to endlessly diagnose the situation. This research
proposes to redesign and develop a self-sustainable habitat for minorities, such as, refugees, something
that is integrated in the city and not isolated. The issue of building in historic centres is essential to
understand the life of the city in a changing world. That is, it is the ability to design systems and not
compact and definitive frames. Methodologically, this research is sustained by transversal thinking,
pattern-language, and sustainability, connecting established methods with new techniques. The paper
presents some cases studies with design students where creative activities transformed the entire urban
community. The authors want to prove that designing inclusive systems can serve as a stimulus to attract
companies, creating new stakeholders that stimulate new product development and innovation.

Keywords: Reflective practitioners, self-sustainable habitat, pattern-language, co-design

1 INTRODUCTION

Sustainability issues are characterized by complexity and ambiguity as a reflex of liquid reality [1], but
there is still unsustainable development due to globalization of resource-intensive economic progress
and consumerist lifestyle [2]. To recognized sustainability with a pluralistic view, it is urgent to develop
policy instruments, such as sustainable strategies, mutual methods, and collective goals. In view of
COP26, sustainability is increasing in importance relative to social changes. Nevertheless, empirical
outcomes show that methodologically it is hard to translate into practice in education discussion and
that often it is a question of communication rather than sustainability. “We then discuss whether
sustainability communication is something ‘uniquel’ or simply communication that happens to deal with
sustainability” [3]. For instance, having a discourse oriented to students, means using communication
about sustainability (CaS) as it is an excellent opportunity, a sender-receiver-oriented and one-to-many
communication mode, sharing ideas about sustainability [4]. Although, in design education how is it
possible to reflect progressive thinking of the liquid reality moving from humanitarian but trivial
greening to greater principles of sustainability? Jeremy Rifkin [5] states that today's consumer is no
longer in the situation to ask himself/herself whether (or not) he/she wish to have this or that object that
he/she doesn’t have. The question that ultimately occupy his/her mind is if he/she wants new experiences
to live. This new rationality means that communication change, not only rearranges society and human
connections, but also social perceptions. Concerning connections in design education, Tomas
Maldonado [6] argues that design process might include cooperation and integration dynamics and that
means comprising several factors. Either factors related to the use, the enjoyment and the individual or
social consumption of the product (functional, symbolic, or cultural factors). Either those factors related
to its production (technical-economic, technical-constructive, technical-systemic, technical-productive,
technical-distributive). “Industrial design is a creative activity whose aims is to determine the formal
qualities of objects produced by industry. These formal qualities are not only the external features but
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are principally those structural and functional relationships which convert a system to a coherent unity
both from the point of view of the producer and the user. Industrial design extends to embrace all the
aspects of human environment, which are conditioned by industrial production” [6]. On one side, as
Ezio Manzini [7] argues sustainability must be the meta-project of all Design Research activities and
not, as it has been in recent years, a kind of specialized sector, alongside other specialized sectors.
Therefore, design process applied to design education includes collective well-being of humanity,
environment, and the whole planet [5]. Empathy is an imperative base for the true cooperation and
integration; hence it may evidence vital. On the other side, Ingvill Gjerdrum Maus [8] describes two
methods to design education for sustainability. Firstly, master-and-apprentice model that focuses on
how to design. Secondly, student-centred model where the students are less dependent on the teacher.
This means the information is no longer private, but public and required transparency and consistency
and it is used, among others proposes to public communication and education [9].

2 AIMS OF THE STUDY

The concept of sustainable development discussed in this study is related to building construction
process in design education. This study aims to explore how teachers make consciousness of reflective
practice, and their individual experience in being a reflective practitioner [10]. The study also considers
the concept of pattern-language [11], as a contribution to the history of design methods in building
construction. The concept of sustainability in architecture has been debated under several titles since
1970s. While the concept “environmental design” was used in 1970s, “green design” in 1980s,
“ecological design” in the late 1980s and in 1990s, the concept “sustainable design” has started to be
used since mid-1990s [12]. In a building construction of sustainability product, it is important to define
the materials, the process, the infrastructures, cutting material waste, recycling, guaranteeing energy
effectiveness or reducing the preservation costs. Burcu Gulay Tasci [12] states that 50% of the energy
produced in the world is consumed by buildings and the other 50% is used in industry and transportation.
The 2014 Declaration on Education for Sustainable Development (ESD) practice is focus oriented to
the realization of the UNESCO agenda for sustainable development and recognized the potential “(...)
to empower learners to transform themselves and the society they live in by developing knowledge,
skills, attitudes, competences and values required for addressing global citizenship and local contextual
challenges of the present and the future, such as critical and systemic thinking, analytical problem-
solving, creativity, working collaboratively... making decisions in the face of uncertainty, and
understanding of the interconnected of global challenges and responsibilities emanating from such
awareness [13]. Although, there is the absence of and instrument to connect these notions in order
education systems fully embrace sustainable development [14]. In fact, the problems of the world do
not present to practitioners as well-formed structures [10].

2.1 Students’ Teacher as Reflective practitioners

In response to create competent and intuitive practitioners, the paper rethinks education for reflective
practice and proposes an innovative structure for sustainability by building construction process, where
ESD points will successfully connect to framework the sustainable implementation, combining the
authors’ practitioner skills, analytical pedagogy, reflective practice and referring to reflection-on-
experience [10]. Reflective learning model improves the conscious practice of design. Postulates that
reflective thinking addresses practical problems, allowing for doubt before possible solutions are
reached [10]. Students learn through and from experience to be reflective practitioners as a means of
exercising professional activity. The research critical analyse the concept of reflective practitioner. [15]
states the characteristics of reflective practitioners are: 1) Open-mindedness; 2) Responsibility; 3)
Wholeheartedness.

2.2 Pattern-language as a sustainable methodology to think city’s issues

The study considers the concept of pattern-language as Christopher Alexander [11] states due to the
direct influence he has had upon counter-tendency project groups such as Archigram. The concept of
‘Pattern language’ resided in splitting design problems into patterns, enabling the solution of some of
the project subsystems. Alexander’s proposition consisted of identifying and solving subsystems that
constituted the project’s complexity and in connecting every subsystem’s pattern among them and the
user. “This means you must treat the pattern as an ‘entity’; and try to conceive of this entity, entire and
whole, before you start creating any other patterns” [11]. In this case, the intuition of associating 'pattern’
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to a whole of the city becomes a reflection-on-experience practice comparing the exercise of design to
an exercise proceeding from speculations, through semantic association, to solve problems that may be
concealed or poorly defined. Thus, it is relevant to choose a methodology focus oriented to a part of the
city with a strong semantic connotation, as self-sustainable habitat.

3 RESEARCH PROCESS

Today, the phenomenon of liquid modernity [1] presents itself as a complex and fluid truth that conveys
disquieting sensations. As Zymunt Bauman states “the most poignant yet the least answerable question
of our times of liquid modernity is not 'What is to be done?' (in order to make the world better or happier),
but 'Who is going to do it?" [1]. Therefore, citizens are gradually inclined to recognize their role in the
world, helping direct charity. The payment associated with the idea of helping someone causes
happiness. Moreover, “the only two useful things one would expect, and wish, 'public power' to deliver
are to observe 'human rights', that is to let everyone go her or his own way, and to enable everyone to
doitin peace (...)” [1]. Thus, this might be a great opportunity to the cause of refugees.

3.1 Purpose

Refugee camps are defined as “locations where refugees reside and where, in most cases, host
governments and humanitarian actors’ provide assistance and services in a centralized matter” [16].
Camps should be the exception, and as much as possible a temporary measure. According to United
Nations High Commissioner for Refugees (UNHCR), the process of allowing “refugees to access and
live in dignity in secure settlements that improve their social, economic and environmental quality of
life as a community and also, enabling refugees to access shelter solutions that provide privacy, security
and protection from the elements, emotional support, and a space to live and store belongings in a
dignified matter” [17]. The current global crisis encourages unconventional results. This situation allows
designers and all community to work together in cooperation to implement pilot and better solutions.
According with United Nations Conference on Housing and Sustainable Urban Development report,
about 37% of international migration is between developing countries, and around 40% of international
migrants have moved to a neighbouring country within their region of origin [18]. Specifically, they
move to urban areas and countries are simultaneously places of origin, transit, and destination. In fact,
in this study, the elaboration of the purpose creates relevant opportunities to think about design
education. While twentieth century design education focused on function and form, the design education
debate today focuses on relationships, limits, energies, culture, and sustainability.

3.2 Related work

A case that confirms this research is Kengo Kuma’s interpretation of vernacular construction of Japan.
A challenge to identify “local typologies and their responsiveness to micro-local conditions.” [19]. It
means the ability to patterns changed in space and to adapt to local and external factors interacting in
the process. A pattern may resolve a problem in a way that “you can use this solution a million times
over without ever doing it the same way twice” [11]. Constructions should be adapted to places and
individual needs, suggesting flexible design to meet the real requests.

Another case that validates this study is Rai Studio and Architecture for Humanity Tehran, in
collaboration with the Norwegian Refugee Council. The atelier completed an adobe construction
prototype [20]. The construction, built in an Afghan Refugee Camp in Kerman - Iran, had 100-meter
square meter domed shelter that was comprised of approximately 6,000 mud bricks [21]. As professor
Pouya Khazaeli states “social sustainability in design is our main focus area here. It means to study how
these refugees live, communicate, the meaning of privacy in their live, which materials they prefer and
use for construction, which kind of construction techniques they use themselves, how much they spend
normally to construct their own shelters (...)” [21].

Japanese Architect, Shigeru Ban is a further case. He developed several types of shelters for a pilot
neighbourhood. Unlike typical refugee shelters, these structures were made to provide a home for long
periods of displacement and the four typologies developed are informed by Shigeru Ban Architects' vast
experience with disaster relief projects and the building techniques of local people. “The four proposed
typologies were inspired by the building techniques of the nomadic Turkana people and were generated
based on extensive research on the vernacular architecture of the region and a comprehensive survey of
the refugee population” [22].
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Finally, a Portuguese case comprising a space for food preparation to build a seasonal and temporary
solution. The project involved a partnership with a Portuguese company, who financed the project [23].
This kind of framework identifies stages in the design process that are influenced by culture and
sustainability, and the pattern they are likely to form [24]. The resolution may be implemented through
problem-solving in a particular context. In this case, considering the problem of refugee situation.

4 METHOD

In this study, methodology was understood as no linear but cycled process. This is an on-going research
qualitative, mixed interventionist and non-interventionist study and integrated a master’s in design
education programme, including teachers and students. The non-interventionist phase consists of the
analyses and interpretations of concepts and historical contents from the past. The interventionist phase
resides on a pilot project. An interpretation that includes external factors and is deductive like
manufacturing, inductive like self-production, abductive like connecting propositions through practice
and a story-telling process like if on is telling a story in a renewal way.

5 PEOPLE, PRODUCTION, PROMOTION

The project was developed in 2016 by 6 teachers (4 architects, 1 engineer and 1 designer), and 1 student
from the master’s in design of IPVC, Instituto Politécnico de Viana do Castelo. The project consists of
a modular resolution for one person. The shelter is a temporary solution for refugees and homeless to
use it when they needed it. The project involved a partnership with a Portuguese company, who financed
the project. The research applied at an academic experimentation level can become a key instrument to
bridge the gap between business and academia. The way teachers make consciousness of their individual
experience guide them to become reflective practitioners. Therefore, the student learns through and from
experience to be reflective practitioners to exercise professional action. The authors collected and
analysed data to define the sustainable habitat with the subsequent features:

The shelter should contain all the necessary equipment for sleeping.

The module should have 2,5 x 2 meters.

The shelter conformation should allow mobility.

The module should promote and connote sustainability.

The shelter should ensure open/closed configurations.

A second module contains a toilet and a shower.

When not in use, the shelter is easily removable and mobile and relies on municipal water supply,
sewage, and electricity. The product presents itself as an innovative solution prepared to reach
phenomena of social flows such as the movement of refugees.

The construction of a second module is foreseen, which will encompass the physiological actions related
to bathroom space. The process included meetings with the school lieders, the companies, the city-hall,
and no-governmental entities. To apply knowledge to practice and, finally to create and develop the
prototype, in a first moment, the model was designed and was open to criticism from the student, the
teachers and entrepreneurs. Co-design process add value to create students’ teacher as reflective
practitioners and prompting intuitive practice guided be experience. Concerning materials, it will be
used aluminium as it is the main material of the project’s partner and because it is easy to clean. The
project will be officially during the 2023. The system contains scientific and social dissemination, with
repercussions on social networks, and regional press. The next step will be the creation of a partnership
with municipalities in the region.

6 PROPOSITIONS FOR DESIGN

With a rising number of refugees and migrants in Europe seeking for better conditions, this self-
sustainable habitat encouraged new sustainable models and ask European customers to consume brands
for causes. The expense one has with the offering causes happiness, which is a great occasion for today's
reality. The sell-sustainable habitat certified students to connect with local companies. Also, it linked
companies from different sectors, which had never worked together, stimulating cross-fertilization [25].
The companies were challenged to participate in a project creating new opportunities for change.
Teachers and students had the opportunity to interpret precise technologies and materials. Having this
new methodology in mind, design students were able to improve new concepts and to cross new
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experiences and areas of knowledge. The self-sustainable habitat highlighted the technical competences
of the materials. In addition, the new product development emphasizes the semantic competence in
design, relating black cork with the tubular iron structure, providing hot and cold sensations in a visceral,
behavioural, and reflective process [26]. The self-sustainable habitat is an occasion for all to change.

7 RECOMMENDATIONS

Considering the study produced, in the following phase it is recommended:

e To build a local network, connecting different professionals from distinct fields. The project
includes a school of design and a research centre, the town hall, local non-governmental
associations, material companies and artisans.

e  To promote cooperation and co-work. To draw a teamwork system may contribute to create new
businesses and join ventures, developing sustainability and competitiveness.

¢  Methodologically, the research was based on an open and constantly changing briefing.

o Torelay other fields and specialists present in the city to create a stronger system.

e  To develop the process of generating ideas and creating project hypotheses in partnership with the
companies involved. The creation of the project at the prototype level will guide the project at the
application level, allowing to timely identify future production errors.

e  Tocreate a design process that combines tradition and innovation presents a creative, experimental,
and innovative methodology and transfers knowledge to society.

e  The academy benefits from the experiences carried out with case studies to be used in future
teaching/learning initiatives as a diffused education.

8 CONCLUSIONS

This study emphasizes sustainability and social ventures to create links between the academic world and
the business sector regarding the new functions of today’s reality. The authors highlight that it is possible
to create social changes by creating a pilot project, relating design students and entrepreneurs. Also, the
paper rethinks education and offers an innovative structure for sustainability, where ESD points will
productively link to framework the sustainable achievement, combining the authors’ practitioner skills,
analytical pedagogy, reflective practice and suggesting to reflection-on-experience. Considering the
translation of people, the social phenomenon of refugees that qualify today’s reality, the authors
presented a self-sustainable habitat designed and developed with master design students and
businessmen. With this idea in mind, it is possible to educate students to become good designers, if one
educates them to become better citizens. For students the project was an occasion to interpret specific
technologies and materials. Students were able to create new concepts and to cross new experiences
from different areas of knowledge. In fact, the worth today could be the universal key to identify new
bounds of quality. For educators this plan was a chance to think about design education, developing
connections with other professionals, promoting job rotation and cooperation. In fact, the development
of design depends on the ability to connect education with research and profession. For manufactured
industries the creation of this self-sustainable habitat is an opportunity to change, participating in a new
venture. The proximity between entrepreneurs and handcrafters may become strategic for the survival
of the above areas. For society, the project may increase the concept of sustainability. It is a productive
action that promotes multidisciplinary and interferes in the real world, instead of designing for an
imaginary city of the future.
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ABSTRACT

Design projects units for BSc (Hons) Design Engineering students at Bournemouth University integrate
and apply knowledge from a range of taught units together with self-directed learning and towards
solving design problems. Recently, level 6 (FHEQ) project students have proposed and designed
solutions that require Al vision-systems. These projects presented a problem for supervision, with
limited, or no expertise in the technology or available equipment; students therefore treated these
subsystems as a “black-box” exercise. To address these issues a set of technical requirements were
compiled, a range of Al technology solutions were identified before selecting the Nvidia Jetson Nano.
From the literature, a stream-lined practical program was developed to introduce the technology to level
5 and level 6 project students as part of their design education. This provided hands on experience
through familiarization with the interface and the use of pretrained models before students re-trained
networks with their own datasets. Level 5 students utilised the technology to develop a scratch detection
machine for sorting damaged components. Level 6 students were provided with the opportunity to
integrate the technology into projects where appropriate and two students did so; one developed a device
to identify people trapped in buildings after an earthquake, the second developed a device for monitoring
chili-plants when grown under polytunnels. Developing and delivering the introductory programme as
a non-expert learning pathway has enhanced the student experience within design education, provided
a simple workflow that students can utilise and build upon, and led to successful student outcomes.

Keywords: Al, projects, machine learning

1 INTRODUCTION

Design projects are an essential element of design education learning for BSc (Hons) Design
Engineering students at Bournemouth University and represent 20 ECTS credits at level 5 (FHEQ) and
30 ECTS credits at level 6. These projects allow students to integrate and apply knowledge from a range
of taught units together with self-directed learning and towards measurable outcomes. Through these
units, students demonstrate specific elements of the Engineering Council (ECUK) AHEP3 and AHEP4
learning outcomes for accredited degree programmes [1]. For level 5 projects, students design solutions
to both individual and group projects meeting the ECUK specification of “broadly defined problem”.
Level 6 students work on a single individual design project from their own proposal meeting the ECUK
descriptor of “complex problem” and require technical challenge. In either case, students are expected
to develop new knowledge in subjects they may be unfamiliar with through identifying their individual
learning needs and applying self-directed learning, preparing them for lifelong learning.

2 EMBEDDING Al TECHNOLOGIES

For AY2020-21, a number of Level 6 students proposed final year projects with autonomous control
systems, typically navigation or decision-making, requiring artificial intelligence (Al) vision-systems
integrated to control system. These projects presented a problem for supervision, especially during the
recent pandemic, as students had received no prior learning in the technologies, and the department had
limited expertise or experience of Al technology. Students therefore treated these subsystems as a
“black-box” [2] exercise within their project, rather than developing hands-on experience of integrating
Al technologies and enhancing their design education experience.
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The need to develop capacity for Al learning within the department aligns with findings from the
literature. Miranda et al [3] found AI/ML to be a core component of technology and competency for
meeting Education 4.0. Laupchler [4] identified the importance in improving Al literacy of non-experts
in higher education. Nakhle [5] identified the importance of Al in phenomic image analysis and the
dependence upon data scientists, and present an interactive tutorial to aid researchers without coding
experience. Essentially, Al literacy is an essential skillset in engineering design education.

2.1 Review of student project requirements

A number of Level-6 students from 2020/21 designed projects embedding Al systems as a “black-box”
within the control-system. In each case students provided an outline specification of expected outcomes
(function) and specified a suitable technology (means); all students lacked detailed knowledge in the
subject area to specify how the technology might satisfy those outcomes.

Level-6 final year projects embedding Al systems as a “black-box” model were identified together with
the black-box function and proposed technology; each project was subsequently ascribed a suitable
means and minimum performance in frames/second (Table 1).

Table 1. Level-6 project function-means translation

Project Black-Box Function Technology Means FPS
Beach Cleaner Identification of beach | Vision system Obiject detection 20
waste
Paddock weeder Identification of Vision system Image classification 40
poisonous weeds in a
horse paddock
Pothole Detector Identification of road Vision system Object detection 40
surface damage
Marine surface Identification of floating | Vision system Obiject detection 10
cleaner waste in marinas
Automated medical Navigation within a Vision system | Semantic segmentation, | 20
supply unit Hospital integration to ROS

Values identified within the table are estimated and dependent upon image size, camera orientation and
rate of image variance. For example, Asad et al [6] found that a Yolov5 neural network retrained as a
pothole detector achieved an accuracy of 90% at 38.9FPS when tested against a video stream from a
vehicle travelling at 65kmh (40mph).

2.2 Suitable Al ecosystem

A study of available Al ecosystems was conducted in order to provide students access to suitable
equipment, knowledge and learning opportunities. Key objectives were: availability, cost, extent of
ecosystem, transferability of skills, range of vision process techniques, ease of system-training, track
record, deployability. Although the current market is now well served, at the time of the initial
investigation there were limited options available that could meet the objectives (Table 2).

Table 2. Al system attributes

System Advantages Disadvantages
Google Coral Low-cost. Compatible with Linux or Poor availability when required. No
USB Raspbian. semantic-segmentation retraining

accelerator Wide range of pre-trained Al models. option.

Trains off-board using Google Co-lab &
Jupyter notebooks. Good performance.
Wider ecosystem includes developer boards.

Limited range of models. Requires
training off-device. Requires a
mini-computer for edge operation.

Intel Neural | Low-cost. Compatible with Windows, Linux Poor availability when required.
Compute or Raspbian. Training workflow is non-intuitive.
stick Wide range of pre-trained Al models. Requires training off-device.

Trains off-board through open-vino using High level of technical knowledge

Intel based PC. required.
Good performance. Requires a mini-computer for edge

operation.
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Nvidia Good availability. Low-cost. Availability limited throughout

Jetson Nano Linux developer board with GPIO. 2022.
Extensive ecosystem, including learning Recommended off-board training
materials. requires Linux PC with 32GB
Used extensively industry. Nvidia GPU or similar cloud
Wide range of pre-trained Al models. instance.

Trains on-board & off-board.
Very good performance.
Simple to integrate into control systems using
Python.
From the evaluation it was clear that the Nvidia system held significant advantages in workflow,
capability and useability; crucially, they were available. Seven developer boards together with cases,
PSUs, SD cards and fans were purchased for evaluation and curricula development.

2.3 Deep Neural Networks on the Jetson Nano
The Jetson Nano provides two practical routes to deployment of a range of Deep Neural Networks
(DNN): Jetson-Inference, and Deepstream SDK.

2.3.1 Jetson-Inference (Hello Al World)

An Nvidia package of DNNs and runtimes and vision libraries for inference on Jetson devices. This
package provides ten image recognition models, ten object detection models, eleven semantic-
segmentation models and three pose estimation models (Figure 1). The package includes Pytorch [7] for
transfer learning (retraining) of image recognition and object-detection DNNs onboard the Jetson.

71. 638 caiputer keybdardREYREd - 2 i - ey
W — : - " cell phoné 55.1%

mous efB2E0%

Figure 1. Image recognition (L), and object detection (R)

2.3.2 Deepstream SDK

A streaming analytics toolkit capable of deploying multiple DNNs across multiple video feeds with
features such as object tracking and other sensor data. Industry standard DNNs can be downloaded from
the Nvidia model zoo, trained off-board on an Ampere GPU equipped Linux PC, or trained in a cloud
instance such as Azure.

3 NON-EXPERT LEARNING OF PRACTICAL Al

Familiarity was gained through Nvidia Deep Learning Institute training courses [8]; experience here

was distilled to two generalized workflows and supporting materials for a range of student use-cases:

1. Deploying pre-trained networks for classification, object-detection, semantic-segmentation, or
pose estimation.

2. Retraining existing networks for custom use-case and deploying for classification or object-
detection.

Although Deepstream was evaluated alongside jetson-inference, the procedure for deployment of

custom models was found to be more complex than for jetson-inference. Therefore, both workflows

were developed exclusively through the jetson-inference package.
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4 PRACTICAL EXPERIENCE FOR PROJECT STUDENTS

All project students gained practical experience in small groups through hands on familiarization of the
Jetson Nano and deployment of pretrained DNNs for object classification, object-detection, semantic-
segmentation, and pose estimation. Following the introductory training, Level-5 students go on to
develop a practical application through retraining an object-detection DNN described below. Level-6
students that required Al control within their project were provided further learning opportunities in
transfer-learning and python script editing to assist with their specific use-case.

4.1 Application to Level-5 student group project

For the level-5 group project, students from both AY2021/22 & 2022/23 cohorts were tasked to design
and build a part sorting machine that detects un-scratched and scratched plate components (Figure 2),
sorting them into separate output bins.

Figure 2. Un-scratched plate (L), and scratched plate (R).

The scratch and plate were detected utilising the Jetson Nano with overall system control provided by a
Schneider Electric M221 PLC.

For the Al workflow (Figure 3), students collected and annotated (labelled) more than 200 images, using
the Jetson camera-capture tool to create their own ground-truth in the pascal-voc format [9].

Ground-truth collection ‘ Re-training DNN with Pytorch
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Figure 3. Jetson transfer-learning workflow

Students used the ground-truth to retrain SSD-mobilenet-v2 [10] onboard the Jetson using Pytorch
through 80 epochs (training loops) before exporting to an open neural network exchange (ONNX) data
format [11]. The onnx file can then be called by a python script that optimizes to the Jetson Nano’s
Tensor RT format before running as an object detector. The Nvidia provided script can be further
customized to extract key data from the detector (object class, confidence, co-ordinates) for specific
actions as required, such as signalling to the PLC over GPIO.
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4.1.1 Level-5outcomes

All project groups from AY2021-22 and AY2022-23 successfully retrained the DNN with their own
ground-truth. However, 2021-22 students initially struggled to improve their model performance during
training due to human error in mislabelling of detection classes. Students were able to correct these
errors by utilisation of third-party labelling tool CVAT. The experience in label errors led to revising
the student learning for 2022-23; here the initial ground-truth was treated as a familiarization exercise
to emphasize the care required in the labelling stage hence DNN retraining was more consistent. One
group from each AY successfully demonstrated a fully integrated system (Figure 4).

Figure 4. Typical student plate detection sorting machines

The most common problems were related to the plate loading mechanisms, not the Al implementation.
Where the DNN did have performance problems it was typically misclassifying the background, when
no plate was present, as containing a plate. Again, this was due to poor control of the training
environment; typically, a lack of variation in backgrounds used during the collection of ground-truth
images. Students had not constructed the hardware before training their DNNSs, therefore training images
could not be captured directly from the sorting machine. Where students varied the background, with
random objects in-shot during capture of ground-truth, they had fewer misclassifications of detection.

4.2 Application to Level-6 student final projects
Two students used Al tools within their 2021-22 final year projects. Both students developed their
applications using the Jetson Nano after completing the familiarization training outlined above.

4.2.1 Chili monitor

The first student designed an autonomous device to monitor chili pepper plants and identify when the
fruit was ripe. They followed a similar procedure to the level-5 group project to develop their technical
demonstrator and identified the limitations of the DNN pipeline; it was not possible to count the chilis,
but the student did identify how the same methods could be used with Deepstream to achieve this.

#@Unripe Chilli 66. 5

Ripe Chillif56.2

Figure 5. Chili monitoring robot, detection (L), design (R)

The demonstrator operated successfully after retraining the mobilenetSSDv2 DNN with a limited
number of images to detect ripe and unripe chilis. Similar to the group projects of 2021-22, the initial
re-training was hampered by mis-labelling and limited quality ground-truth. Attempts to correct this
were hampered after CVAT became unavailable with the withdrawal of Intel from their Russian
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operations but overcome with additional images from fresh plants and data checking using another 3™
party annotation provider, Roboflow.

4.2.2 Earthquake building search tool

The second level-6 student developed a tool for locating victims trapped in earthquake damaged
buildings. In this case, the object being identified was a human, therefore a standard pre-trained network
would be suitable for the task. The student experimented with a range of both object detection networks
and semantic segmentation networks before selecting the multi-human-parser (MHP) segmentation
network [12]. This utilised the jetson-inference pipeline with the original python code edited to provide
GPI10O output from threshold values for particular classes as a percentage of screen pixels. For the MHP
network this was used to signal the presence of classes such as arm, leg, hair, face, body. The final
design featured a series of lamps for body-parts, a screen for visual verification and telescopic camera
manipulator to reach into enclosed spaces.

5 FINDINGS

The introduction of Al tools through non-expert experiential learning has been successful. It has enabled
a pathway to deploying advanced technology in design engineering projects without the need for
technical support from data scientists and only a basic knowledge of coding. Both Level 6 students
benefitted from developing their knowledge on the same learning journey as their supervisors, a shared
experience. Level 5 students were able to explore the possibilities of the technology without risk or
detriment by learning through the shared experience of a group project where overall technical success
or failure was not a significant part of the marking criteria. However, there were three principal
weaknesses in the project experience:

First, the lack of verification tools (or complexity of) for pre-checking and correcting object-detection
ground-truth on the device.

Second, level 5 students failed to adequately plan their work, underestimating time for building and
testing of hardware elements.

Third, difficulty in obtaining hardware over the period 2021-23, although this appears to be in line with
availability of many micro-processors and micro-controllers.
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ABSTRACT

The Norwegian government states in the white paper “Education for restructuring — increased working
relevance in higher education” (Meld. St. 16 (2020-2021)) that to prepare students for the jobs of
tomorrow educational institutions need to decrease the gap between the academics and the industry. An
internship can be difficult to organise for some study programmes as it usually involves a considerable
degree of effort and time. Hence, this paper investigates what the students consider to be work relevant
in their study, and alternatives to internship for the study programmes to better prepare the students for
the industry.

Two surveys were distributed at the beginning of October 2022 to all the bachelor and master students
in Civil Engineering at the University of Agder: one for the bachelor students and one for the master
students. The Civil Engineering Department at the University of Agder has made various attempts to
increase work relevance. Despite this, the students still rate the work relevance relatively low.

The result from the surveys indicates that the students find many of the courses and the design of the
lectures to be work relevant. The findings of this study suggest excursions, company presentations,
laboratory work, guest lectures and projects to enhance the work relevance in a study programme. This
study could help study programmes improve their work relevance without going to the extent of
implementing internships.

Keywords: Work relevance, civil engineering, education, survey

1 INTRODUCTION

To develop the employees for the future we need to address the students of today. According to the
World Economic Forum [1] four types of skills are needed for the jobs of tomorrow; problem-solving,
self-management, how to work with people, and technology use and development. The Norwegian
government states in the white paper “Education for restructuring — increased working relevance in
higher education” (Meld. St. 16 (2020-2021)) [2] that to prepare students for the jobs of tomorrow
educational institutions need to decrease the gap between the academics and the industry. Consequently,
educational institutions need to increase the work relevance of the courses taught in the study
programmes. The Civil Engineering Department at the University of Agder (UiA) has made various
attempts to increase work relevance, such as a work-relevant curriculum, exercises, software, exams,
guest lectures, laboratory work, company presentations and excursions, to name a few. Even so, when
looking at the results from the national student survey “Studiebarometeret” [3, 4] the category with the
lowest score for the civil engineering students at UiA is the perceived connection to working life. On a
scale from 1 to 5, 1 meaning to a small extent and 5 meaning to a large extent, the student’s rate five
claims regarding work relevance in their study programme. The results from 2021 show that the bachelor
students have an average of 2.8 which is 0.2 below the national average and the master students have an
average of 3.1 which is 0.3 below the national average. Out of all the categories on the survey
“Studiebarometeret” work relevance is one of the lowest scoring categories. Hence, this is a common
challenge for all universities within the civil engineering educations.

The Organisation for Economic Cooperation and Development (OECD) [5] did a study in 2018 to
investigate how students managed the transition from student to employee. The study concluded that
Norwegian higher education prepared the students for the industry. However, the same report stated that
Norwegian higher education lacks work relevance in their study programmes.
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The white paper “Education for restructuring — increased working relevance in higher education” (Meld.
St. 16 (2020-2021)) [2] solely mentions internship as a way of increasing work relevance in higher
education, but also encourage study programmes to find other ways of introducing work relevance.
“Internship in Higher Education” [6] points out multiple challenges in implementing internship
programmes, such as diverse expectations, the required competencies to establish a professional
practice, inadequate resources from universities and students who struggle to secure a suitable internship
experience. Knouse et al. [7] identified that the students with higher grades were more likely to gain
access to internships, risking neglecting the lower achievers. However, very little is known about
alternatives to enhancing work relevance in the study programme. Therefore, this study tries to
investigate what the students find work relevant in their study programme, and thus give other study
programmes suggestions on how to decrease the gap between academics and the industry.

2 METHODOLOGIES

The students participating in this study are studying Civil Engineering at the University of Agder. The
students are divided into two groups: bachelor students and master students. The bachelor students are
in a three-year programme and the master students are in a two-year programme. Some of the master
students have finished the three-year programme at the University of Agder and some of the master
students are from other universities. On the 26" of February 2023, the study programmes consisted of
244 students in the three-year bachelor’s programme and 90 students in the two-year master’s
programme. During the time of this research, internships as part of the study programme were not
available to students in civil engineering education. However, this will be available from the autumn of
2023.

The purpose of the study was to find out what the students find to be work relevant in their study
programme. To determine this, two surveys were distributed on the 7" of October 2022 to all the
bachelor and master students in Civil Engineering at the University of Agder: one for the bachelor
students and one for the master students. The students had two weeks to answer the surveys.

The surveys were distributed in their learning management system Canvas and were made with the
survey programme SurveyXact. First, the students were asked about some background information.
Second, the students had the opportunity to write in their own words what they consider to be work
relevant to their study programme. Next, a multiple-answer question with a set of answer options
regarding what activities they have experienced during their study, see Table 2. The question was
formulated: “Which of the following have you experienced during your study?”. The options were
normal lectures, guest lectures, excursions, laboratory work, exercises and exams, project work,
internship, company presentations, software, small talk with lecturers and small talk with fellow
students. Fourth, the students were asked “How work relevant do you find the following?”, and to rate
the same set of options from 1 to 5, 1 meaning highly irrelevant and 5 meaning highly relevant. They
also had to rate the courses taught in their study overall from 1 to 5 by answering “How work relevant
do you find your courses to be?”. Lastly, the students had the opportunity to write one or more
suggestions on how to increase the work relevance in their study programme.

3 RESULTS AND DISCUSSION

The data regarding the surveys are shown in Table 1. Both surveys were distributed on the 7" of October
and contained 8 questions. The response rate was 20% for the bachelor students and 22% for the master
students. Two sets of surveys were used to see the differences between the bachelor and master students.

Table 1. Data about the surveys

Educational degree Distribution date No. of questions No. of respondents Response rate
BSc 7-oct-22 8 49 20%
MSc 7-0ct-22 8 20 22%

Figure 1 illustrates what the students answered on the free text question regarding what they consider to
be work relevant in their study programme. On this question, 56% of the answers were specific academic
courses taught in the Civil Engineering study at UiA.

The next section of the survey was concerned with rating a set of measures and activities concerning
work relevance. Table 2 shows how the students rated the work relevance of various measures in their
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study, that is normal lectures, guest lectures, excursions, laboratory work, exercises and exams, project
work, internship, company presentations, software, small talk with lecturers and small talk with fellow
students. Predictably, the highest-rated activity is internships. Normal lectures, exercises and exams and
small talk are rated lowest. Assuming that this is typically how an academic course is structured, this
outcome is contrary to the previous findings shown in Figure 1. However, the students could have meant
specific academic courses consisting of project work, laboratory work, excursions, or guest lectures
when giving their response to the first free text question.
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Figure 1. Word frequency query results on which activities and measures students consider
to be work relevant

As stated before, internship was the highest-scored activity but also scored most ratings of 5 (60%). A
closer inspection of the results from the bachelor students shows that internship scored 78% when
combining 4 (relevant) and 5 (highly relevant). The bachelor students find excursions (88%), laboratory
work (81%) and project work (81%) more work relevant than internships. This observation may provide
other universities with effective alternatives to internships. As Chu [6] mentions there are several
obstacles to overcome before implementing internship programmes. Hence, excursions, laboratory work
and projects do not necessarily require competencies or expectations and could require fewer resources
to implement. Furthermore, excursions, laboratory work and projects can be organized by academic staff
avoiding the possible pitfall of students struggling to secure a suitable internship experience.

The bachelor students rated the work relevancy of guest lectures to be 3.94 and the master students 4.09.
According to Metrejean [8], students also find the use of guest lectures to be beneficial. In a survey in
2010, the average rating was 4.06 on a scale from 0 to 5, 0 meaning no benefit and 5 meaning extreme
benefit. Hence, the students seem to assess guest lectures as being work relevant and beneficial in their
course of study. Inviting guest lecturers should thus be an easy way of implementing work relevance in
the study programme.

The students ranked excursions as the second most work-relevant activity with 4.38 and 4.36 from the
bachelor and master students respectively. Alas, only 17% of the bachelor students and 36% of the
master students reported having had excursions during their bachelors’ degree. Payne et al. [9] found
that excursions have a motivational factor and can increase the students’ interest in a subject. In “The
use of industrial networks to strengthen civil and structural engineering education; a survey-based
investigation” [10] 66% ranked the motivational outcome as high or very high when asked about the
motivational outcome from participating in an industrial network with excursions. These findings show
that implementing more work-relevant activities in the curriculum could have several beneficial effects,
both as a motivational factor and in reducing the perceived gap between academics and the industry.
Project work can be an activity to develop the skills mentioned by World Economic Forum [1] such as
problem-solving, self-management, how to work with people, and technology use and development.
The students found project work to be work relevant with an average score of 3.97. Comparing the
results from the bachelor students and the master students, amongst the bachelor students 81% found
project work to be relevant or highly relevant while only 64% reported this amongst the master students.
In “Various forms of executing peer reviews in civil engineering education” [11] the master students
showed a much higher independency compared to the bachelor students. Gatfield [12] found that
students with prior work experience were less satisfied with group projects than students with no
previous work experience. It is possible, therefore, to hypothesise that these conditions contribute to the
observed differences.
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Table 2. Average results from the surveys with standard deviation in parenthesis

BSc MSc Average

Internshi 4.41 4,55 4.48
P (0.84) (0.52) (0.68)
Excursions 4.38 4.36 437
(0.71) (0.81) (0.76)

Company presentation 4.09 4.18 4.14
PP (0.82) (0.75) (0.78)
4.22 4.00 411
Laboratory work 0.75) 063) 059)
3.94 4.09 4.02
Guest Lectures 0.9 094 090
Project work 4.03 3.91 3.97
J (0.90) (1.04) (0.97)
Software 3.91 4.00 3.95
(0.82) (1.10) (0.96)

Normal lectures 3.73 3.55 3.64
(0.98) (0.93) (0.96)

; 3.63 3.55 3.59

Small talk with fellow students 0.87) 052 059
i 3.34 3.64 3.49

Small talk with lecturers (0.65) 08D o)
Exercises and exams 3.75 3.09 3.42
(0.95) (1.22) (1.09)

The national student survey “Studiebarometeret” [3, 4] is sent to more than 70 000 students each autumn
and is an important indicator regarding educational quality. Still, the civil engineering students from the
UiA rated the connection to working life 2.8 and 3.3. The results represented in Table 2 are contrary to
the findings in “Studiebarometeret”. Apart from the master students’ evaluation on exercises and exams,
all the other activities score higher than “Studiebarometeret”. One could argue that civil engineering
students do not receive or participate in these activities during their study but would value the activities
as work relevant. However, Figure 2 illustrates which activities the civil engineering students at UiA
report that they have taken part in or been exposed to during their bachelor studies. It can be seen from
the data in Figure 2 that a significant amount of the students have experienced project work, guest
lectures and laboratory work. This observation may support the hypothesis that the students do not have
the required information to understand what work relevance is. This could explain the findings in the
study by The Organisation for Economic Cooperation and Development (OECD) [5]; the students in
Norway are prepared for the industry, but higher education lacks work relevance in their study
programmes. If the work relevance in higher education is solely measured by the students’ opinions,
this could give a misleading truth. As the results of this study indicate, the students find many of the
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offered activities to be work-relevant but still rate the work relevance in their study programme low.
Exercises and exams have the lowest score but still have an average of 3.75 from the bachelor students
and 3.09 from the master students. Looking back at the results from “Studiebarometeret” [4] for the
bachelor students, this is still higher than the results of 2.8.

Normal lectures

Exercises and exams

Project work

Guest Lectures

Laboratory work

Software

Small talk with fellow students
Small talk with lecturers
Company presentation

Excursions

Internship

0% 20% 40% 60% 80% 100%

Figure 2. Experienced activities for students during their bachelor study

Internship is clearly ranked as the most work-relevant activity by students, and, as summed up by Chu
[6], a number of studies show significant results in non-academic, career and academic benefits for the
students participating in internships. The findings of this study suggest excursions, company
presentations, laboratory work, guest lectures and projects to enhance the perceived work relevance in
a study programme. These activities could be viable and effective alternatives to internships as
encouraged by the white paper “Education for restructuring — increased working relevance in higher
education” (Meld. St. 16 (2020-2021)) [2].

4 CONCLUSIONS

This study set out to investigate what the students find work relevant in their study programme, and thus
give other study programmes suggestions on how to decrease the gap between academics and the
industry. On a free text question regarding what students consider to be work relevant in their study
programme 56% of the answers were specific academic courses taught at the University of Agder. The
students rated the following activities, normal lectures, guest lectures, excursions, laboratory work,
exercises and exams, project work, internship, company presentations, software, small talk with
lecturers and small talk with fellow students, high with regards to work relevance in their study.
Internship is the highest-rated activity by the students when asking of work relevant activities. However,
diverse expectations, the required competencies to establish a professional practice, and inadequate
resources from universities and students who struggle to secure a suitable internship experience can be
obstacles when implementing internships in higher education. Excursions, laboratory work and project
work score higher than internships when combining the results of relevant or highly relevant among the
bachelor students. Excursions have a motivational factor and can increase the students’ interest in a
subject. There was a significant difference in the feedback regarding project work. 81% of the bachelor
students found project work as relevant or highly relevant while only 64% reported this amongst the
master students. This study has identified excursions, company presentations, laboratory work, guest
lecturers and project work to be viable and effective alternatives to internship when it comes to
increasing work relevance in higher education.
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The major limitation of this study is the relatively small sample size. This will need to be repeated over
several years to identify trends. Also, it would be interesting to distribute corresponding surveys to other
universities.
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ABSTRACT

As designing with vulnerable users becomes more prevalent, we need to establish guidelines to ensure
ethical practices to protect both participant and researcher. Current research would advocate that design
research should be conducted with end user groups to ensure that solutions developed meet the needs
and expectations of those most impacted by the issues. This approach, however, may not always be
ethical or appropriate in design projects at undergraduate (UG) level. Along with many of the standard
ethical considerations when conducting research with vulnerable groups there are additional
considerations when developing design solutions. Many design projects never reach fruition or may take
years to develop a functional design requiring participant involvement over the course of the project.
Student projects are not always focused on the implementation of final designs.

This paper explores several case studies of UG product design projects where vulnerable participants
have been involved at various stages and to varying degrees. Case study analyses follow a description
of these projects. The discussion unpacks key questions such as: when is it appropriate to involve
participants? What are the most useful methods to work with participants? When are alternative methods
of research and testing sufficient? How can expectations be managed? And what is the payback for
people to participate? The paper concludes by proposing a guide for how and when to involve users as
participants in the UG design process.

Keywords: Design research, ethics, product design, design education

1 INTRODUCTION

The impetus for this article stems from the researchers’ experiences working with UG students on the
BSc. Product Design & Technology programme at the University of Limerick and observing the
disconnect between the emergent need for ethical design practices [1][2][3][4] and the limitations of UG
students when managing complex engagements with vulnerable participants and recognizing situations
where participant involvement is not necessary to move a project forward.

Many vulnerable groups may initially be very excited at the prospect of designing solutions that can
improve their quality of life. They may be willing to engage in design projects as research participants
or as co-designers across the various design stages. However, there is a risk that these participants may
invest their time, knowledge and expertise with great expectations, but end up with little in return. A
major ethical concern is that they may feel used, exploited, and let down as projects don’t reach full
completion, fail to reach the marketplace, or indeed reach the marketplace without addressing the
original user needs. Including vulnerable participants in UG design projects must be beneficial to
participants beyond the goals of the project, otherwise alternative methods should be employed.

This paper explores several case study projects from UG projects where designers have worked with
vulnerable participants across different stages of the design process. The case studies are analysed to
uncover the successful ways in which the designers engaged with and involved participants in their
design process. Also explored are the ways in which this participation could have been improved or
even removed if the burden of participation became overly complex or time-consuming with little
reward for the people involved. The researchers collated the key lessons into a guide to which UG tutors
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can refer as they set design curricula and that student designers can follow as they begin design projects
that tackle sensitive issues for potentially vulnerable people.

2 LITERATURE REVIEW

Involving users and experts as participants in design research and design projects is seen as an essential
part of the design process to create relevant and necessary solutions [1]. Every participatory design
project must be built on a robust ethical foundation and conducted with integrity and rigor [5]. However,
when people are involved in a participatory capacity (as experts, users, and other key stakeholders), the
parameters of the project are often dynamic and changeable [6]. As such the standard ethics procedure
within academic institutions might not be nuanced enough to cover the diversity of activities across the
entire design process with the dynamic needs of the participants often overlooked. A participant can be
involved in more than the initial primary research stage, having a repeated role in the subsequent stages
of ideation, concept development and implementation across a practice-based design and research
project. Conversely, the ethical approval process might be protracted and overly complex for shorter
projects particularly at UG level [7]. As such the role of the participant needs a clearer definition and
factors impacting and affecting their involvement must be considered carefully at the outset of any
design project.

Working with users as participants introduces a complexity to design projects and this is further
magnified when the participants are classified as vulnerable. Unfortunately, there is no consistent
definition of a vulnerable participant in a research or design context available across international
policies [8]. Vulnerable participants can include racial and ethnic minorities, people with additional
physical or cognitive needs, elderly individuals, and children [9]. Vulnerability is individual and context
dependent, and everyone may be impacted by different and often multiple vulnerabilities [10]. The NHS
defines a vulnerable adult as ‘any adult (person over the age of 18) unable to take care of themselves or
protect themselves from exploitation’ (ibid) whilst the Irish Health Service Executive (HSE) offer the
definition of a person who ‘may have difficulty and need support in making decision’. These
vulnerabilities thus may affect prospective participants’ ability to understand, consent and participate in
a design project [11].

Whilst the inclusion of vulnerable participants can add perceived complexity to a project, every effort
should be made to include eventual users as participants in design projects. Exclusion doesn’t serve
either the person or the design process as key insights, needs and perspectives may be missing, and the
final outcomes not fit for purpose as a result [12]. Vulnerability must be viewed beyond an individual’s
ability to consent, but more as a relational factor stemming from power imbalances, potential for harm,
cognitive ability, interpersonal relationships, cultural variances, and social imbalances [7][13]. The
broadening of inclusion factors will ensure better and more responsible engagement with users and
create the potential for an elevated level of trust with participants to continue to engage in design
research and testing.

Designers must explore the potential varied vulnerabilities of their participants ahead of the project and
develop protocols that are cognizant of, and work to eliminate, minimize or rebalance any risks. They
can then put protective measures and protocols in place to decrease the likelihood of harm to a participant
and instead empower and promote agency for the participant [7]. Several researchers have highlighted
that participants must gain from their involvement and these user gains may have personal and/or
collective benefits. In addition to reimbursement for expenses and time, non-financial payback can
include participants building their knowledge, feeling empowered, gaining agency by having their
voices heard, pride in participating and the experience of working with others and potentially helping
others in similar situations in the future [13] [14].

Whilst UG design students are encouraged to involve users in all stages of their design project, the
complex nature of participatory methods with vulnerable users presents challenges [7]. Ethics cannot be
overlooked in educational projects to produce competent and ethically aware professional design
community (ibid). At UG the designers are still amateurs, they might not have the skills to manage
sensitive situations, their projects are not likely to develop into fully realized designs and testing might
be exploratory without leading to a specific solution. Modified Ethical Approval processes can be
developed for UG projects, but what appears to be missing from current research are practical guidelines
for design students to help them plan and implement rigorous and responsible design projects and to
offer workarounds when access to participants is not available or advisable.
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3 METHOD
A number of undergraduate product design projects were chosen as exploratory case studies. The
projects are the work of final year UG on a [course name removed]. Therefore, a certain level of design
experience and standard of work was assumed. Each case study was chosen because the intended users
were classified as vulnerable and in some or all cases participants were involved in the design process
at different stages. The level of involvement varied across the projects due to access and availability of

participants, designer engagement and project direction.

The case studies were retrospectively studied. The main sources of data were the project process books
which document the entire project in both visual and written format. The process books were analysed,
and this data was triangulated with notes from design tutors taken during the projects. Through
examining these cases the researchers could explore the process undertaken by the designers for research
and design development, the methods they used when working with participants across all project stages
and the measures undertaken or overlooked, when working with these vulnerable participants.

3.1 Case Studies
Each case study was chosen because the designers were working on topics that were considered sensitive
and therefore the intended users were classified as vulnerable users.

Table 1. Case Studies

Case Project Theme Types of participants Participatory Alternative methods
study methods used used
1 Menstrual cup and People who Purposive Forums & online blogs.
cleaning system menstruate. sampling. Simulated testing with
Clinical experts Interviews. proxy user.
Focus groups.
2 Active Birthing device | People who have Snowball Forums & online blogs.
for homebirths given birth. sampling. Simulated user testing
People who may give | Interviews & with proxy users.
birth in the future. Focus Groups Retrospective interviews
Experts & clinicians Expert interviews. (past experiences).
in birthing process. User testing
3 Time management and | People with ASD. Convenience Simulated testing with
scheduling device for | Carers & guardians of | sampling. Proxy users.
young adults with people with ASD. Interviews. Empathy research.
ASD (Autism Service providers for | Storytelling. Online forums.
Spectrum Disorder) people V\_/ith ASD. Journey mapping.
Experts in ASD.
4 A navigation device People with visual Interviews. Empathy research.
for people with visual | impairment. Observations. Simulated testing.
impairment Experts. Journey mapping.
Service Providers. A Day in the Life
5 Way-finding system People with Site visits. Journey & empathy
for dementia center in | Alzheimer’s, Observations mapping.
the context of Residential care Expert seminar. User testing with proxy
destigmatization providers. User interview. (non-vulnerable)
Professional carers. Guided tour. participants
Familial carers Expert interviews.
6. | Applying music as a People with ASD. Interviews. Journey and empathy
learning tool to Experts (music Day in the life. mapping.
develop social, therapists, Special Role-playing & User testing with proxy
communication and needs assistant, evaluation of (non-vulnerable)
musical skills, for community music concepts with participants.
children with ASD teacher). users (teachers & | Role play
children).
EPDE2023/1108 21




4 FINDINGS
In the following section we reflect on the findings from the case study analyses which are briefly
discussed and followed with guidance for both design tutors and students.

4.1 Ethical ‘Approval’

UG research design projects should undergo some form of ethical review. At a minimum, plans and

protocols for how and when participants are involved should be prepared, project purpose and

participant role(s) clearly explained, and consent forms signed by participants or guardians. Design

educators can manage this process, but they would require ethics training themselves to ensure they can

make informed decisions on the risks involved. Ethical approval can therefore be a less rigorous process

with the tutors acting as the key decision-makers in the process but students gaining experience in ethical

practice [7].

Guidelines:

e  Ethical training is essential for design educators.

e Formal but ‘lighter’ ethics approval must be sought that outlines plans for participant involvement,
highlights any potential risk and describes measures to overcome these.

4.2 Recruiting participants

Recruitment of potential users as participants proved difficult for UG designers and was further

complicated when the topic was sensitive, and the potential users identified as vulnerable. The most

common method was convenience sampling [15] where the designers drew on existing networks

(personal and professional) to recruit users, experts, and other stakeholders. This was often difficult for

students as their own networks were not extensive.

Guidelines:

o  Close tie participants should be balanced with objective or critical participants at key points in the
design process (e.g., user testing & evaluation)

e  Caution needs to be exerted to avoid ‘over-using’ vulnerable participants across long duration
projects. Proxy users could be used to step in for early-stage testing and evaluation.

e  Snowball recruitment is very effective for expert participants.

e  Access to participants can be made through liaison and support groups or other stakeholders.

4.3 Gatekeepers

Direct access to vulnerable users wasn’t always possible across all the cases examined. Where access

was possible it was typically through a gatekeeper or advocates who had an implicit understanding of

the users, their needs, and the most appropriate and sensitive way to engage with them. This person was

often a professional service provider or a family member who could also offer insights as a key

stakeholder in the area. An example of a gate keeper would be for example a charity such as the

Alzheimer’s Society where the society can provide guided access to participants. Indeed, many of these

gatekeepers were involved in later stage testing and evaluation of concepts if it wasn’t appropriate to

involve users at these stages.

Guidelines:

o  Gatekeepers or Advocates are essential for engagement with vulnerable participants. This protects
both the participant and the designer.

e  Gatekeepers can have deeper involvement in the design process providing expert feedback
throughout.

4.4 Alternative participants

Mapping the key stakeholders and relationships at the start of most cases, helped designers to identify
where proxy or alternative participants could be used in place of vulnerable participants. In Case 1 the
designer conducted retrospective interviews with people who had experienced the situation but were no
longer considered vulnerable (e.g., former patients). This proved a very useful method of conducting
research, reviewing ideas and testing concepts as the risk to the person was eliminated but valuable
insights and feedback were garnered.

Guidelines:

Alternative participants might include:
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e  Proxy users.

e  Participants who have experienced an issue but who are no longer vulnerable, for example
someone who was a patient but is no longer undergoing treatment or care.

e  Liaison with support groups, charities

e  Experts such as those providing services or care for the vulnerable participants can provide user
insights where users themselves cannot.

4.5 Workarounds - Alternative methods

In some cases, the designers independently assessed the need for the participants to be involved to avoid

‘overuse’ or participant fatigue (Figure 1). Instead, they used workarounds for research and user

evaluation and testing that provided sufficient results to make decisions and move the project forward.

This dynamic approach to participant involvement can overcome issues where access to the participants

is restricted or indeed changes throughout the project process. This is particularly important at UG where

the novice designers are at greater risk of mishandling sensitive or challenging situations.

Guidelines:

o  Workarounds should be the first choice where it yields the same results as participant involvement.

e  Research workarounds: Expert & Stakeholder primary research; Online Forums & Blogs;
Empathy research; Scenario Building; Role Play

e Ideation & Concept testing workarounds: Proxy User Testing; Simulated Testing; Journey
Mapping; User Stories. Role play.

e  Participation of users is dynamic and must be reviewed at various stages of the process to avoid
over-burdening participants whilst also recognizing their interest in sustained involvement.

) e
oo

Figure 1. Examples of alternative methods (a. personas, b. proxy users, c. vulnerable user
testing, d, user journey mapping)

4.6 Giving back

The participant’s expectations were not always managed correctly. Feedback loops were not two-way,

participation was not acknowledged and little in the way of payback to the participants was considered.

Where the designer could ‘reward’ the participants, buy-in was stronger e.g.one designer gave sweets

to young users to thank them for their participation in the concept testing stage.

Typically, UG projects do not develop into fully realized designs, and at times the participants were not

aware of this when they became initially involved in the project. This led to disappointment and at times

disengagement from the process once the limits of the project were explained.

Guidelines:

e  Designers must be explicit about the type of project being undertaken (UG college project) and
manage the expectations of participants accordingly.

o Acknowledging the participant’s input through continuous feedback loops demonstrates respect
and can strengthen involvement.
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5 CONCLUSIONS

Responsible human and life-centered design must involve the key stakeholders in the development of
solutions that affect their lives. And the voices of vulnerable participants are as important in this process.
However, what is also clear is that designers must conduct these interactions in ethical and sensitive
ways and to do this they must develop good practice from UG to carry through to their professional
work. Sometimes it is not appropriate to involve vulnerable users in design research, particularly
repeatedly over the course of a project. This research has provided a set of guidelines for UG design
students and educators when working with vulnerable participants whilst also providing information on
alternative research and testing methods that can be applied when it is inappropriate to use vulnerable
participants.
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ABSTRACT

Product development today is primarily driven by virtual methods and can therefore be assigned to
virtual engineering. Various software systems are available on the market, on the one hand with
embedded CAD systems and on the other hand with stand-alone systems. A major challenge in
secondary and tertiary education is to combine virtual engineering methods with general engineering
knowledge. This results in the quality issue of teaching how to use the software and teaching the
generally applicable knowledge behind the software solutions - i.e., the methods must be taught.

At Austrian HTL (secondary higher vocational schools), there is a strong focus on CAD during five
years of education. In recent years, some aspects of virtual engineering have been taken up to prepare
students well for working life. However, it is widely recognised that this needs to be strengthened. The
paper will present the current state-of-the-art and show possible scenarios for improving the current
state. At the Graz University of Technology (tertiary level), there is the situation that students have very
different prior knowledge at the beginning of their studies (mainly mechanical engineering), as some of
them come from HTL. An e-learning approach for CAD and CAE education was introduced in 2012 at
TU Graz to counteract this and better adapt the teaching to the student's skills. As a result, a lot of
experience and feedback have been gathered to improve the teaching approach continuously. The article
shows this approach and outlines future perspectives.

Keywords: Virtual engineering, secondary education, tertiary education, CAE education, FEA

1 INTRODUCTION

The first steps in the field of CAx! were taken by Doug Ross in 1950 with the development of the
Automatic Programming Tool (APT), which can be seen as the foundation stone for modern CAM
systems. At the beginning of the 1960s, Nastran opened up the field of finite element methods [2]. About
ten years later, in 1970, the first steps in computer-aided product development were taken, with CAD
models replacing conventional hand drawings. In the first years, these models were limited to 2D
geometry and extended to creating 3D geometry about ten years later. Since then, computer-aided tools
have been developed for almost every subject area, thus providing the foundation of modern product
development [1].

Students follow a similar path to the development of CAD tools in Austrian HTL. They also start their
education with 2D hand drawings, which later in their education are transferred to 3D models with CAD
programs [3]. Students at technical universities in the field of mechanical engineering also follow this
learning process. However, the training at the universities does not end with a 3D model of a product
assembly. Still, this model serves as a basis for structural-mechanical-dynamic investigations using, for
example, finite element analysis (FEA?).

! The term CAx summarizes Computer Aided Design (CAD), Computer Aided Engineering (CAE), Computer
Aided Manufaturing (CAM), Computer Aided Styling (CAS), Computer Aided Planning (CAP) and Computer
Aided Quality (CAQ) [1].

2 FEA, an acronym for Finite Element Analysis, refers to a numerical method for solving differential equations in
engineering and physics [4].
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Through the results from an FEA, for example, displacement, stresses or reaction forces can be
calculated and visualised on the previously created 3D model. This is often a moment of great
importance for many students as they get a visual representation of the deformations, stresses or forces
for the first time in their education. Since this link between the mechanical calculations and the visually
easy-to-grasp FEA results in graphs strongly supports the learning process, it can be concluded that
using FEA even earlier in engineering education to understand better-taught content can be very
important and helpful for the learning process. That was derived from the CAD approaches outlined in
[5].

This linked learning could also be used in theory classes in HTL to transfer the results of basic
mechanical calculations into a model to make the learned material more tangible. Particularly, advanced-
level students possess the necessary theoretical foundations to carry out such investigations, such as
analysing stress curves in loaded components or examining deformations on a workpiece. In addition,
it can be shown to the students how they can check entire assemblies for their loads with little effort
without having to do pages and pages of calculations.

Of course, the field of application of FEA can be taught much further. Still, this paper is limited to
dynamic structural-mechanical investigation since this topic is most widespread in engineering and is
most tangible in HTL education. For the execution of FEA, the focus is put on the use of FEA in
embedded CAXx programs such as CREO from Parametric Technology Corporation (PTC), Inventor
from Autodesk or CATIA from Dassault Systemes.

This paper's investigations focus on analysing the actual state of CAE education at HTL and Austrian
universities. Thereby it is shown which gaps and approaches exist in the respective CAE education and
how these can be closed. Since this is a larger topic area, further follow-up papers are planned (shown
in chapter 4.2), which will deepen these investigations and approaches and still establish the conclusions
to industrial partners.

2 STATE-OF-THE ART

This section compares possible approaches to CAE training. In the attempt to find a comprehensive
training concept, a theoretical approach and a practical approach can be derived.

The theoretical approach is taught increasingly at universities [2]. In this scenario, great emphasis is set
on the fundamentals of the FE-model theory. These fundamentals cover a broad spectrum ranging from
the different mathematical solution variants of FEA selection of the appropriate element’s discretisation
to the abstraction of mechanical loading. The implementation of a model in a specific FE-Software is
not considered. In the literature, no consistent training concepts specify a procedure that deals with the
theory and the practical implementation. There are only standardised procedures for model
implementation, as described in [4] [6] [7] [8]. However, the combination between theory and practical
implementation is only presented very abstractly.

The practical approach focuses strongly on the application of the software packages. This approach is
carried out in training courses of companies increasingly, specifically adapted to the CAXx software used.
The trainees learn the necessary procedures and the application of different tools. The theoretical
background knowledge is partly neglected or assumed. The level of experts is often measured by the
variety of tools by them and their skill in handling and operating the various programs and not by the
underlying theoretical understanding [2].

At first glance, the practical approach appears to be more appropriate for the application and is also
justified. The practical approach "promises” that a finished simulation model is available after the
specified procedure is finished. This is also true because if all inputs required by the program are
available, the simulation program resolves the inputs into a system of differential equations and solves
them, so the software does its job per se. However, whether the simulation is able to represent reality
depends on the skills of the person creating the model. A good FE engineer is characterised by the fact
that he minimises the simulation effort by the correct omission of unnecessary information and still
represents all phenomena to be considered. Finally, it should be mentioned that the simulation results
alone do not provide any added value if they are not interpreted correctly with the appropriate
engineering background and the knowledge gained derived from these results [1]. To do so, theoretical
background knowledge is required accordingly. Therefore, CAX training should be more than applying
a few "picks and clicks" [9].

Figure 1 shows the classical procedure of FEA generation in a software environment. In contrast, the
right side shows which theoretical background knowledge is required to perform an FEA appropriately.
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If all steps of the FEA procedure have been carried out correctly, the FEA delivers the stress present in
the component. However, this result alone is only of limited value. The evaluation of stresses still
depends significantly on various factors such as system knowledge, application area, desired safety
factor and other relevant factors.

Practical application FEA Theoretical background

Influences of geometry simplifications, degree of abstraction

CAD model modifications, the level of detail of CAD models, ...

Awareness of the relationship between displacements and
Material properties distortions, linear/nonlinear. elastic/plastic, creep. and
thermal expansion, ...

Influence of mappropriate boundary conditions and meshes

Boundary conditions o .
ary on the outcome, contact conditions, contact formulation, ...

Abstraction of the real load. comparisons of boundary

LLerik conditions. load introduction, ...

Mesh creation & element element type. discretization, dynamic/manual mesh
selection adaptation

Solvin Integration method. computational step size, computational

. & power, effort, small strain/large strain. ...

Normal stress, equivalent stress, stress hypotheses, stress
directions - cracking, ...

Display of results

Analytics, difference between local and nominal stress

Verification
concept

Figure 1. Required FEA theory for implementation in a software environment

To achieve meaningful simulation results, an FEA engineer has to be able to combine and interconnect
theoretical and practical knowledge, especially since there is neither literature nor software that can
evaluate the results with respect to the existing mechanical system represented by the FE model. An
ideal CAXx training should therefore combine method knowledge such as understanding the advantages
and disadvantages of different CAx approaches, recognising the limitations in the modelling and
interpreting results as stated in [2] with the needed practices using various tools and especially
interlinking both of them.

2.1 Curriculum TU Graz and HTL

In order to get an overview of the current CAX education, the TU Graz serves as an example, where two
hours per week are provided for students in the CAE lecture. In HTL, a capacity of two to four hours
per week is available over five years for the design exercise area, which also includes CAD [10]. As
universities have freedom in curriculum design, CAx education may differ from other universities of
applied sciences. In HTL, there is a uniform curriculum per subject area, which can be designed
autonomously within certain limits.

2.2 Actual state TU Graz — CAE teaching concept

In order to give a closer insight into the CAE education at the Graz University of Technology, the course
of the CAE education will now be presented. The aim is to link the acquired basic knowledge, such as
mechanics, dynamics and machine dynamics, with the working methods of CAE systems and thereby
develop an understanding of the application and evaluation of theoretical analysis methods compared to
modern simulation techniques. This is ensured by teaching theoretical basics and implementing
examples in the areas of advanced CAD methods, finite element method (FEM) and simulation of
dynamic systems (multi-body simulation MBS) with selected high-end engineering and CAE tools.

To be able to work with all students from the same foundation, the required theoretical knowledge is
prepared in a lecture unit before the practical units, where the application of various simulation software
is involved. For students with less prior knowledge, various online teaching resources are provided for
self-study. This theoretical knowledge is further consolidated within guided practical units covering
practical problems, which are abstracted and solved with the help of various simulation programs. In
addition to these practice units, there are also "click-to-click™ scripts, practice examples and learning
videos on each topic for self-study. This parallel mode of guided practice units and e-learning allows
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the students to practice using the software products in self-study, depending on prior knowledge and
learning progress. The students are allowed to acquire the necessary contents and skills at a time and
speed of their choosing according to their prior knowledge and newly acquired knowledge [11].

2.3 Actual state Austrian HTL - CAE

CAE training at Austrian HTL in mechanical engineering currently comprises more than 550 hours
spread over five years [10]. The content is specified by the curriculum, which is jointly prepared by the
HTL on behalf of the Austrian Ministry of Education and is evaluated and revised if needed,
approximately every five years according to the prevailing educational boundary conditions.

Even though there is a strong emphasis on machinery design based on 2D drawings in training to meet
the industry’s requirements, the education regarding CAE can be seen as very solid. In the field of CAE,
3D modelling of components and assemblies is focused alongside state-of-the-art design processes as
well as classical analytical design processes combined with the use of 3D modelling techniques.

The subject of FEA is taught only sporadically, often depending on the prior knowledge of the teacher.
However, the technical fundamentals such as the strength of materials, fluid mechanics and
thermodynamics are taught in the theoretical training. A linking of theory knowledge with FEA
examples from the strength of materials, solid mechanics, fluid dynamics and thermodynamics is
currently not being implemented consistently. The upcoming revision of the curricula starting in
Austrian HTL 2023 offers the opportunity to include these important points. The use of CAE programs
in theory classes is also being considered, for example, by visualising stress curves in a strength
calculation or flow curves in flow calculations. Because Generation Z is strongly oriented towards visual
information collection and progressing as well as learning in general [12], there is potential here to better
convey the subject matter and to better understand and retain it. Visualising the results of mechanical
calculations can help students learn how to apply theoretical concepts to practical applications. Seeing
how their work leads to tangible outcomes and that their calculations have a real-world impact can
increase their motivation and interest in mechanics.

2.4 Hypothesis - Gaps

Derived from the previously explained experiences, the following hypotheses can be formulated for
further investigations:

H1: There are strong differences in the theoretical and practical knowledge of the students.

H2: Only theoretical basics are not sufficient to perform an FEA simulation in a meaningful way.

H3: The interconnection between taught FEA theory and practical application is missing.

H4: Application of theoretical knowledge increases learning success.

3 EVALUATIONS IN TERMS OF THESES
With regard to the hypotheses, this chapter is designed to verify them and should also show where
further research is needed.

3.1 Experiences and Evaluations - Tu Graz

Experience in the CAE lectures over the last ten years has shown that students have a wide variety of
theoretical backgrounds. To cope with the strong variation in this area, the previously explained CAE
teaching concept was introduced at the Graz University of Technology. Statistical surveys have shown
that over the last ten years, the content requirements of the course were considered appropriate by 72%
of the students, which in turn reinforced the teaching concept. These results come from annual
evaluations® of the course.

Furthermore, it was shown that even if the theoretical knowledge of the students is at the necessary level,
the implementation of theoretical knowledge in practice is a major challenge. This can be deduced from
the examination results. Students from higher semesters, who (theoretically) also have more prior
knowledge, do not perform better than students from lower semesters.

Another observation, which is made repeatedly, is that it is often necessary to repeat theoretical basics
during the exercise units. Therefore, the guided units in the CAE lectures cannot be replaced by

8 Cumulative result of the course evaluations provided at TU Graz, carried out electronically, by the
CAMPUSonline system [13].
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instructional videos, tutorials or similar since the knowledge gaps can only be closed in dialogue together
with the students and individually tailored to the corresponding students.

At the end of the course, it is shown that students are able to apply their theoretical knowledge to
practical tasks. On the one hand, this is needed for the creation of the model, but also for the
interpretation of the results.

It is worth mentioning that the aforementioned experiences were derived from strongly subjective,
specific long-term experiences and surveys. Collected evaluation results of students from the past ten
years serve as a further basis.

3.2 Implicit experience HTL

At HTL, the basics of mechanics are taught in great detail and in an age-appropriate manner. For
example, the introduction to solid mechanics is taught at the average student age of 14, resulting in the
need for simplifications. For example, forces are "only" considered 2-dimensionally and not spatially
via vectors. So, in terms of hypothesis 1, the prior knowledge should be the same for the students. Also,
hypotheses 2 to 4 are true from the authors point of view. The theoretical basics are clearly established
at HTL in the field of mechanical engineering; the practical application takes place in the field of design
exercises, but mostly without the use of FEA programs, mostly with the reference of the professors to
the basics. The approach is certainly correct for the first strength calculation(s). However, from the
authors' point of view, there is nothing to be said against using an FEA program for a repeated strength
calculation in the area of design, especially since the analytical verification with the FEA results must
always be carried out. First attempts to use FEA in mechanics education in the first classes of the HTL
education show quite encouraging results and feedback since the current generation of students is
strongly visually influenced [12], and thus the knowledge transfer is positively supported. Analogous to
the use of FEA in the field of solid mechanics, an application in the fields of fluid mechanics,
thermodynamics and vibration theory is conceivable and reasonable.

3.3 Transfer possibilities

In order to ensure continuous communication and coordination between the individual training
programs, a working group consisting of Austrian professors from technical universities (TU),
universities of applied sciences (UAS) and secondary higher vocational schools (HTL) was founded
with the support of the Ministry of Science and the Ministry of Education. This working group aims to
exchange and coordinate the current state of teaching and technology in the field of product development
at least once a year in a face-to-face meeting and to develop joint strategies. Due to the different
orientation of the individual institutions TU, FH and HTL, a very creative and productive working
atmosphere is created in which innovations are made possible and promoted. One outcome is, for
example, the participation of HTL in scientific projects at TU or UAS, such as Sparkling Science [14],
with the aim of giving young technicians access to tertiary education at an early stage. On the technical
side, standardised environments have already been exchanged and further developed in the area of CAD;
in the future, this is also planned for the area of FEA. There is a great need for teaching materials and
best practice examples, especially within HTL, in order to promote the introduction of FEA.

4 SCENARIOS AND PERSPECTIVES
Finally, this section presents the lessons learned, our further planned work, and an evaluation of the
current results.

4.1 Learnings

Based on the evaluation results of the CAE lecture at the Graz University of Technology, it can be
recognised that by continuously adapting the course, it was possible to reduce the level of difficulty and
the amount of work while maintaining learning success.

Also, at the HTL, the change of the curricula shows further potential to adapt them in order to prepare
the students for their further CAE education in the best possible way. Furthermore, FEA can also be
used in the area of theory lessons in order to present theoretical knowledge to the students in a more
tangible way. For example, FEA can additionally be used in mechanics classes to visualising calculated
results such as displacements and stresses directly at the point where they occur on the component and
be compared to classical analytical results.
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Another finding is that the transfer potential between TUs, UAS‘s and HTL s exists but must be further
expanded to meet the needs of the industry.

4.2 Aviso Paper-Series — Research design

In order to assess whether it is appropriate to include FEA in the HTL curriculum and which scenarios
are feasible and reasonable, a survey is currently being prepared at the HTL. The opinions of teachers
regarding different approaches to solving the hypotheses (Chapter 2.4) will be collected and evaluated.
Further approaches are derived from this to close the existing gaps in education. These results will be
presented in a follow-up paper (Place and time of publication are not finalised now).

In addition, a further paper is planned, which will also address the requirements of the industry. For this
purpose, a four-year research project is available, which deals with intelligent, sustainable and human-
centred (small and medium enterprises) SMEs* and collects their requirements and ultimately develops
guidelines for SME‘s 5.0.

5 CONCLUSIONS

Through the research in this paper, the current state of CAE education at schools and universities
regarding FEA was revealed. From this, different hypotheses could be derived, which addressed the
gaps in education. The CAE training principle of the Graz University of Technology also presented a
possible solution for linking theoretical knowledge with practical application.

Other transfer possibilities include the approach to including FEA already in the HTL curriculum. For
further investigations in this regard, the design of the corresponding follow-up paper was also presented.
In order to direct the focus from teaching to the "customer”, the further planned paper serves to show
the balancing act between teaching and industry.
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ABSTRACT

The main goal of the paper is to discuss cultural appropriation in order to ultimately work together to
create a more sustainable future and to encourage the application of seven (7) different instruments in
educational settings. This paper showcases design methods for co-designing and cross-cultural design
processes, to educate students and industry partners about respecting design codes and ownership. A
case study on textile design — pertaining to design, production and living conditions — is presented in
Europe as well as North Africa, to illustrate the Sustainable Development Goal (SDG) 17 ‘Partnerships
for the Goals’ as well as SDG 4 ‘Education and Quality’. SDG 12 ‘Responsible Consumption and
Production’ is supported by our research into cultural appropriation in the design business. ‘Cultural
appropriation’ is not only a debate taking place in fashion design, regarding designers profiting while
using patterns that are ethnologically significant to indigenous people without asking permission.
Engaging in cultural appropriation with a positive intent can serve asa means of remembrance and
‘revaluation’ of hand-crafted techniques, which run the risk of being lost. This knowledge is evidence
of our cultural remembrance and our knowledge archive for the future: it informs us on how we might
restore, teach and convey this valuable knowledge within the curricula — providing a collaborative
sustainable design education.

Keywords: Cross-cultural co-designing for SDG 17, design ownership, knowledge archives for SDG 4,
cultural appropriation, 7 instruments for fair co-designing

1 INTRODUCTION

Our main intention is to design a sustainable future together in Europe and around the globe, while
respecting design ownership [1]. We aim to do this by educating students through co-designing with
people from so-called foreign cultures. While this paper is an inquiry into cultural appropriation in
design, within this framework. It will showcase design methods for co-designing and cross-cultural
design processes used to educate students and partners throughout the industry. We are using the
elements of edu-care [2] related to our knowledge archives for a sustainable academic future.
Regarding the designing, working, production, and living conditions, the United Nations’ Sustainable
Development Goals (SDGs) [3] give us an orientation for the future. This paper focuses on the following
SDGs: SDG 17 ‘Partnerships for the Goals’ — beyond Europe — with the intention to illustrate how cross-
cultural co-designing can promote a healthier world; SDG 4 ‘Education and Quality’ and SDG 12
‘Responsible Consumption and Production’ are addressed by our question about cultural appropriation
in the design business — which examines the cultural education of all partners — and, additionally,
reference is drawn to the politically relevant focus selected by the UN for the year 2023. ‘Cultural
appropriation’ [4] originally relates to art robbery and will be explained further in chapter two. Fashion
designer Isabel Marant was criticised for profiting from her design, while using indigenous ethnological
patterns without asking for permission. However, cultural appropriation conducted in a positive manner
can help in the preservation and remembrance of techniques, hand crafted techniques. These techniques
run the risk of being lost, which would significantly impair SDG 4 as well on the long with consequences
for a sustainable economy. This knowledge represents our ‘cultural mind’ [5] and our knowledge archive
in design engineering, which can be used in the future (see chapter 2.2). Our use of this valuable
knowledge archive [6] is showcased using co-design and cross-disciplinary learning in chapter three.
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Here, a balance between culture, aesthetics, and ethics — demonstrated by a design study — is achieved.
By combining new knowledge connected to rituals, cultural behaviour and old techniques with the
technological aid of digital tools of our 4™ industrial revolution, we can enter a post digitalisation
‘industry 4.0 era. Chapter four finally highlights seven instruments used to formulate the cooperation
framework applied in design cultures and design studies. The case studies in chapter three will enable
you to identify and reflect on the solutions found. This will help you envision and understand how the
SDG 17 ‘Partnerships for the Goals’ — beyond Europe — could lead to a healthier world for us, by
reshaping the behaviour linked to design attitudes.

2 CULTURAL RITUALS, MIND AND APPROPRIATION - SDG 4

2.1 Cultural appropriation and cultural behaviour — creating a cultural mind

SDG 4 ‘Education and Quality’ and SDG 12 ‘responsible consumption and production’ focus on cultural
appropriation in the design business, as directed by the United Nations (UN) for the year 2023. Cultural
appropriation is a debate taking place in fashion design. Awareness has been heightened since the misuse
of ethnological patterns of indigenous people, in a design by Isabel Marant [7], in the year 2019, as she
had not asked for permission.

Cultural appropriation originates from art history, which exposes the phenomena of ‘art theft’ [8]: Over
the course of history, emperors took trophies as art objects from foreign countries, indigenous people,
and appropriated colonies. The art historian Bénédicte Savoy is highly respected for her expertise on
this subject. She published her dissertation about art theft committed by the French in Germany around
1800. In her writings, Savoy explores the sociological, historical and cultural significance of cultural
appropriation caused by art robbery. She was invited to work alongside interdisciplinary teams to build
the new Humboldt Forum in Berlin. Together with David Blankenstein, she curated a highly regarded
‘Wilhelm and Alexander von Humboldt” exhibition at the Deutsches Historisches Museum in 2019. The
textile example of the balloon, which represents a flight between ‘old and new’ European fields, sparked
a vivid discussion about cultural ownership [9]. Savoy and other scientists campaigned for stolen objects
to be returned to their original owners. Since this debate, museums in France and in Germany have acted
according to their wishes. For example, the Rautenstrauch-Joest-Museum in Cologne are giving back
the Benin sculptures, which is part of building the identity of the Edo culture and a significant part of
the cultural mind of the folk of Nigeria [10].

Previously, this was meant and understood as the cultural spirit and rituals that shape tomorrow's cultural
behaviour, and the rituals that will guarantee sustainable life on earth if craft skills are lost, due to the
loss of knowledge regarding physical skills and resourcefulness [11]. ‘Nous sommes en train, d’oublier,
peut-étre, le métier de physique dans le métier de design’ [12]: We may currently be in the process of
losing the physical skills in the design profession, and the part of the knowledge archives connected to
objects — such as art sculptures and design objects.

2.2 Co-designing and usage of intercultural knowledge archives

The cultural mind of a nation showcases their long-lasting rituals and passes them along to future
generations. It is our cultural code, identity, and knowledge archive [13] that inform our design and
handling instructions and are always reflected in the future in terms of the lifecycle of our resources and
nature [14]. The textile cultural mind and heritage refers to the phenomenon of cultural appropriation
with regard to the question of design ownership. To take the next step toward 21% century design, we
need to take cultural appropriation seriously. The case study noted below showcases an example of co-
designing in a sustainable and culturally appropriate way. This illustrates how a beneficial cooperation
and integration of all partners from different countries, with different cultural habits and understanding,
could serve as an example of positive cultural appropriation for the future. We can learn from other
cultural codes. We can learn to design form, patterns and design structures, as well as convey the
appropriation of old handcraft techniques. Manufacturing knowledge and design is our foundation and,
around the globe, we have to learn to value these parts of our societal mind, while conveying the different
perspectives.
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3 FACING CHALLENGES AND OPPORTUNITIES IN INTERCULTURAL CO-
DESIGNING WITHIN SDG 17

3.1 The unfolding of co-designing is breaking cultural boundaries

Social co-designing is becoming an increasingly important area in the design education system [15].
Cultural exchange has the potential to enhance the unique quality of identity, especially when it comes
to intercultural co-designing based on a high level of tolerance of ambiguity [16]. At the same time, it
enables us to re-evaluate our mindsets, ideas and judgements, thus building knowledge archives [17]. A
broader perspective on different cultures of memory leads to a more open and panoramic view of how
value attitudes develop [18]. Furthermore, intercultural co-designing can not only drive innovation, but
also promote social lifestyle changes towards more sustainability and the transformation of the new
economy [19]. A sophisticated design research methodology within intercultural co-working can enable
the creation of designs that revive cultural codes and create awareness of the respective culture. They
can also meet the aesthetic demands of the target customer [20]. The case study of the intercultural
project ’Indigenous Modernity” will illustrate this thesis.

3.2 Prerequisites for intercultural co-designing of the individual

In order to co-operate successfully with stakeholders from different cultures and avoid cultural
appropriation within the discipline of cultural creativity, several preconditions are required. Regarding
design creation, a designer should not only be creative, but also respect and possess knowledge of the
cultural past and historical political power relations. Thus, it can be ensured that ethnic groups or
indigenous peoples are not marginalised or oppressed [21]. To avoid cultural appropriation and to build
social-cultural awareness, we must teach history, cultural diversity, and cultural sustainability within the
SDG 4, as early as infancy. According to the 2022 Report ’Re|Shaping policies for creativity’ by
UNESCO, SDG 4 ’Education and Quality’ aims at the acquisition of the necessary skills, like technical
and vocational skills for employment, decent work and entrepreneurship in the cultural and creative
sectors, by youth and adults [22]. The key findings of the case study with regard to the prerequisites for
successful cross-cultural cooperation are summarised in Figure 1a.

& with cultural
(sDG17)

Education in history & alturg (SDG 4)
Appreciation of cultural codes
Design thinking knowledge

Tolerance of ambiguity

Prerequisites for cross-cultural co-designing

Figure 1a - 2022 Prerequisites for woman in Figure 1b - Exchange with indigenous Berber
intercultural co-designing-by Charlotte Weber Matmata, 2022, photo rights: Ramona Mdllers

3.3 A case study of cross-cultural co-designing

The 2022 Summer School project with the co-working collection ‘Indigenous Modernity’ serves as an
example of intercultural exchange between multicultural partners. The sustainable denim collection was
created by two German design students who co-designed with the Tunisian denim supplier Sartex
Group. They collaborated with indigenous Berber people (see fig.1b), the Hochschule Niederrhein
University of Applied Sciences, and native Tunisian student Oussema Haddar. The collection offers a
combination of modern, innovative textile techniques inspired by traditional cultural rituals, clothing
and aesthetics. Such clothes were inspired by representatives of the Tunisian Berber culture and Tunisian
historians. The symbolic tattoos of the Berber people served as inspiration and were respectfully
transferred into the collection by implementing a profound design methodology. Referring to chapter
2.2, these tattoos of the Berber people can be seen as cultural codes and part of the cultural DNA that
are handed over to the next generation. The aim of the project was to revive Tunisian culture, history
and tradition with the opportunity to remember and cherish the culture, thereby ensuring that these
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important roots of Tunisian history and traditions are not forgotten. Simultaneously awareness of the
culture can grow as it is spread. This design study of the Berber culture showcased the co-designing
process with stakeholders of different cultures. This required efficient communication on eye level
between all parties involved, as well as an open-mindedness towards other cultures [23]. Finally, the
collection debuted at Tunis Fashion Week in the desert at Touzeur, in November 2022.

Establishing sustainable cross-cultural collaboration necessitates conducting interviews with
representative indigenous communities to gain insights into their cultural and traditional practices,
thereby enabling appropriate communication. Additionally, it is indispensable to ask the cultural
representatives for permission to use their cultural codes and understand the meanings of spirituality,
religiosity and fertility, so they can be encoded or integrated into the designs [24]. The avoidance of
cultural appropriation and the loss of authorship can thus be ensured.

3.4 The challenge of different aesthetic perceptions in fashion and textile design

When it comes to co-designing with multiple cultural stakeholders, we face several challenges within
the communication and realisation process. As a medium of cultural identity, fashion and textiles can
be seen as an important part of this process [25], especially regarding the fundamental differences
between Western and non-Western clothing. The non-western fashion is mostly seen as a perpetual
costume associated with profound cultural meaning, identity, group membership or religiosity. In
contrast to this, western clothing is fast moving, superficial, and mundane, and it projects personal
identity. Over the past decades, the term exotic fashion has established itself in Western culture. Grant
David McCracken, a Canadian anthropologist and author, defined this movement as ‘selective
borrowing’, as early as 1985. Jennifer Craig, who is an expert in fashion theory and cultural studies,
notes that such undertakings may be considered institutionalised plagiarism between different
subcultures. Moreover, non-Western clothing continues to evolve under its own resilient cultural dress
code, further adopting its own version of Western fashion [26].

As the case study in co-designing and the theoretical comparison has proven that different cultural
realities on aesthetics in design must be taken into account and respected in order to be able to compete
sustainably in the international globalised market.

4 CULTURAL APPRECIATION AND RESPECT FOR DESIGN OWNERSHIP
BY USING 7 INSTRUMENTS FOR SUSTAINABLE & FAIR CO-DESIGNING

4.1 Cross-cultural co-designing as curriculum benefit for a valuable cultural
appreciation in design

Evolving lifestyles and transitions demand a stronger commitment to international cultural cooperation
and openness to diverse cultures [27], including adaptions in curricula and the competencies to be taught.
In this respect, cultural co-designing plays an increasingly important role in stimulating and
communicating social, economic, and environmental sustainability [28]. Especially in the sense of SDG
17 “Partnerships for the Goals’, which calls for more creative intercultural co-designing communities
for sustainable development to be established in the future. Therefore, student projects, such as the
example of the Design Summer School in Tunisia, must be offered by universities and cooperation
partners at an early stage. According to the latest report by UNESCO, the fields of climate strategies
and environmental policy should increasingly focus on such collaborations, as they have the potential
to initiate much-needed changes in ways of mindsets, behaviour and integration. For the transmission
of this kind of knowledge, interculturality, creativity and education must go hand in hand, to achieve
sustainable development — as outlined in SDG 4. These aspects should be considered collectively, from
early childhood education to curricula in higher education [29].

4.2 Implementing 7 instruments of performance for progressive cultural co-designing

‘Europe needs a new generation of designers, who are able to reshape behaviours as well as empower
and help people walk their way towards a more sustainable lifestyle.” [30]. This is not only an issue for
our future rituals but also often unintentional subconscious design attitudes [31]. In this research study
our main intention is sketching a sustainable future in co-designing together with different stakeholders
and cultures. Respecting design ownership and the textile cultural heritage of other human beings from
foreign cultures in Europe and around the globe, means educating through co-designing and learning

EPDE2023/1110 34



how to integrate people from different countries with different aesthetic values. In summary — as it

relates to the SDG 4 and 17 — we can formulate the following wish that underlines our common goal:

The summer school case study of innovative sustainable textile designs has proven that the cross-cultural

co-designing process is the next generation of sustainable approaches involved in the 4" industrial

revolution. On the one hand, our new knowledge is connected to tradition, cultural behaviour and old

techniques, while on the other hand, we are connected to advancing assistive technologies. Through the

digital tools of the 4™ industrial (digital) revolution, we are entering the post digitalization era and textile

industry 4.0. We are also connected to academic fields in ‘non-hierarchical designing landscapes’ [32].

This is the pre-requisite for co-designing and cultural integration, learning about design provenance and

ownership, as well as showing respect toward cultural codes (representing sustainable benefits for SDG

4 and 5). In the end, CAD designing, laser-techniques, and interactive designing togetherness on

different media levels, give us the technically sustainable tools and -capital linked to human capital.

When it comes to design from “foreign’ countries, cultural respect is critical. Our discussion and study

have proven that the following seven instruments meet the needs for the sustainable circular (textile)

economy of the future:

e Revaluation of and convey the (textile) crafts techniques and traditional codes

e  Co-designing together with all integrated partners and stakeholders — collecting experiences
through projects early on within the studies

e  Creating a unique knowledge archive with ‘foreign’ countries, which leads to respected knowledge

banks

Revaluation of analogue tactile abilities as a part of small exercises throughout the semester

Respecting design ownership and design rights by discussing the solutions together

Integration of all partners early on in interdisciplinary projects — matrix management

Managing transparent communication as a part of design project management, to serve the SDGs

—and, consequently our earth and life.

It follows that these cross-cultural co-designing instruments have to be integrated into curricula.

4.3 Cross-Cultural Co-Designing — part of a visionary curriculum in design

It is beneficial for all when the interests of students, industry representatives, and global experts unite
to respect cultural design codes and the symbolic meaning of signs of foreign cultures. European partners
from the industry will benefit by educating experts about respecting global design ownership and design
heritage. This will entail fair integration and ensure the preservation of human capital. It is necessary
for academic institutions to educate and integrate future experts at a very early stage, by implementing
cross-cultural co-designing projects as part of the curricula. Implementing this could mean building co-
design spaces from kindergarten on, and educating citizens about cultural appreciation and tolerance for
design ownership. These kinds of cross-cultural projects and unification, in combination with the
application of the seven instruments as defined, could help solve problems relating to ‘cultural
appropriation” and the misuse of foreign cultural codes, thus serving SDG 4 and 17. As mentioned in
chapter 3.1., social co-designing is becoming an increasingly important area in the design education
system. Cultural exchange has the potential to enhance the unique quality of identity, especially for
young, educated design experts. Our suggestions seek to achieve the setting of new standards regarding
the resilient cultural education of all partners.
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ABSTRACT

Extensive research has focused on the influence of culture on individuals’ performance in design, with
either positive or negative effects. Moreover, studies have shown that it is possible to prime individuals’
cultural values to influence their behaviours in design. However, to the best of our knowledge, no study
has explored priming culture in design, especially with digital stimuli. Therefore, we conducted a pilot
study to explore the influence of priming culture by digital stimuli in design. First, we created video-
based digital stimuli to prime individuals’ individualism versus collectivism (IC) cultural values. We
tested the digital stimuli in an ideation exercise during a creative design course that aimed to explore
and implement essential creative problem-solving and design thinking methodologies in practice for
students. The results showed that the collectivism digital stimulus increased the participants’ IC value.
However, in the other two conditions, the participants’ IC values also increased, which was unexpected.
Therefore, we discussed the role that enjoyable group ideation plays in participants’ IC values.
Furthermore, we found that their design aim changes by priming IC values. These findings can support
the development of educational practices aimed at encouraging design novices in teams independently
of their culture and inspire researchers to further explore the influence of priming culture in design.

Keywords: Digital stimulus, priming cultural differences, creative design, individualism, collectivism

1 INTRODUCTION

Previous research has demonstrated that culture affects design [1, 2], such as individuals’ performance
and experience during design [3, 4]. We follow Hofstede’s definition of culture, in which culture is “the
collective programming of the mind that distinguishes the members of one group or category of people
from another” [5, p. 9]. This definition is further categorized into six dimensions: power distance (PD),
uncertainty avoidance (UA), individualism versus collectivism (IC), masculinity versus femininity
(MPF), long-term versus short-term orientation (LSO), and indulgence versus restraint (IR). On the one
hand, culture positively affects individuals’ performance in design, such as in people with a higher IC
value who generate more original ideas or perform better in group work [6, 7]. On the other hand, culture
negatively affects individuals’ performance. For example, individuals with a higher PD value are less
likely to express their true thoughts and feelings, resulting in a restrained collaboration with their team
members, because of their views on the hierarchy between superiors and subordinates [5, 8]. Moreover,
cultural values can be primed [9], and previous studies have investigated the influence of priming culture
on individuals’ cognitions and reactions [10]. However, no study has investigated priming culture in
design teams. Considering the increasing internationalization of design programmes and design agencies
around the world, it is important to understand how potentially negative cultural influences can be
mitigated in design work. Thus, we aim to investigate how we can prime cultural values and the
influence of priming cultural values on design to support novice design work.

2 PRIMING INDIVIDUALISM VERSUS COLLECTIVISM

Priming is a widely used research approach for understanding how performance or behavior can be
unconsciously affected by a stimulus [9, 11]. Regarding priming culture dimensions in particular,
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several studies have demonstrated the effectiveness of textual stimuli in priming IC [10, 12, 13]. IC, as
one of the cultural dimensions, refers to the degree to which people in a society are integrated into groups
[5, 11]. People who score low in IC are considered individualists with loose ties to the community, who
care mostly about themselves and their immediate family. Conversely, people with a higher score of IC,
as collectivists, cultivate solid and cohesive ties between groups, such as in the society or country they
belong to [5]. Previous studies have verified that IC value had the most considerable effect on
individuals’ performance in design, such as the number of ideas and sketches in ideation [14]. Therefore,
as one of the first studies priming culture in design, our study only focuses on IC value. For priming IC,
one of the most popular priming stimuli used in past studies is considered to be the story of Sostoras
[10, 12, 13], “(...) a warrior in ancient Sumer, [who] was largely responsible for the success of Sargon
| in conquering all of Mesopotamia. As a result, he was rewarded with a small kingdom of his own to
rule. About 10 years later, Sargon I was conscripting warriors _for a new war...” [13, p. 652]. Sostoras
has to decide who to put in command of a detachment of soldiers to aid the king, and as such, participants
are exposed to different content, depending on the condition they are in. On the individualism condition,
Sostoras nominated a “...talented general. This appointment had several advantages. Sostoras was able
to make an excellent general indebted to him...” [13, p. 652], while also increasing Sostoras’ own
prestige. In the collectivism condition, participants received a different story in which Sostoras
nominated a family member, which benefits their family and increases loyalty among them (“This
appointment had several advantages. Sostoras was able to show his loyalty to his family...”) [13, p. 652].
Particularly in Gardner, Gabriel, and Lee’s study [10], these priming stimuli triggered participants to
demonstrate collectivist and individualist behavior in the corresponding collectivism and individualism
conditions. As such, one’s sense of IC is malleable within the constraints of one’s culture.

With the development of technology, it is possible to adopt digital stimuli (e.g., videos) for priming
cultural differences, more vividly and immersive [15]. However, it is still unclear how such approaches
influence creative design work in relation to culture. Thus, we add one more component to our research
aim: to investigate the influence of digital stimuli on priming cultural values (the IC dimension) and to
understand the influence of priming culture on novice design work.

3 PILOT STUDY

3.1 Digital stimulus design

To design the digital stimuli, we used the story of Sostoras [10, 12, 13]. We built it with the game engine
Unity 3D, which offers code in C #, and the required items for the design could be purchased from the
Unity Asset Store [16]. In presenting the story, we divided it into three views, starting with the
background of the story, with a 360-degree view of the environment with a fixed interface in front to
show the background of the story in 75 seconds, as shown in Figure 1 (a). Then, the camera stops in
front of the building and starts to introduce the king (15 seconds), as illustrated in Figure 1(b).
Afterwards, the camera moves to the king’s view to tell the story in 90 seconds (Figure 1 (c)) into three
branches as three single conditions. The individualism condition branch was designed to prime a lower
IC value (i.e., trigger individualistic goals), where the dialogue shows that Sostoras decides to choose a
talented general, Tiglath, which benefits him. The collectivism condition branch was meant to prime a
higher IC value (i.e., trigger collectivistic goals). There, Sostoras decides to choose his brother, also
named Tiglath, which brings unity and prestige to the whole family. For the neutral branch as a control
group, Sostoras also chooses the general, Tiglath, without explaining any reason, resulting in no cultural
priming in the neutral condition as a control group.

Figure 1. Screenshots of the digital stimuli
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To design the scenes, we used the keywords “ancient Sumer”, “a small kingdom” and “a new war.” This
resulted in a scene that transpired in an ancient and tense atmosphere because of the coming war, with
an imperial palace in the background, as shown in Figure 1 (a and b). Moreover, we excluded a few
keywords, such as “Mesopotamia,” because our participants were from different countries and might
have specific feelings about this historical location. In addition, to create a tense atmosphere of
impending war and to avoid potential biases, the characters were dressed in military uniforms that
covered their faces and skin, hiding their race and geographic characteristics. The background audio is
intense to match the story, purchased from Unity Asset Store.

3.2 Study set up
We applied the digital stimuli in an exercise during a creative design course, a seven-week class that
aims to understand and implement essential creative problem-solving and design thinking
methodologies in practice. Before the first week of the course, we asked the participants to complete a
questionnaire to obtain their initial cultural values used to compare the difference between pre- and post-
digital stimuli, which was developed by Yoo et al. based on Hofstede’s cultural dimensions with
acceptable reliability and validity [17]. In the sixth week, participants were randomly divided into one
of three subsequent days (the first day for the neutral condition, the second day for the individualism
condition, and the third day for the collectivism condition), as a between-subjects study. The
corresponding digital stimuli were integrated into each condition before the group ideation exercise (two
or three participants in a group). We asked them to complete a questionnaire to collect their IC values
(to compare them with the previous questionnaire’s results) [17] after the exercise. Although 46
participants participated in the exercise, we only included data from 22 participants (21 participants did
not complete both the pre- and post-questionnaire, while three participants were excluded during the
analysis because their data were outliers). The 22 participants were master’s or doctoral students from
different majors (e.g., mechanical engineering). The mean age of the 21 participants was 24.24 years,
with a standard deviation of 2.17 years (one participant preferred not to say). In addition, 9.1% of the
participants were female, and 86.4% were male (one participant preferred not to say). Thirteen of the
participants were from Finland, two were from Italy, two from Indonesia, and one participant each from
China, Iran, Sri Lanka, Pakistan, and Vietnam. The number of participants in the three conditions was
six (neutral condition), seven (collectivism condition), and nine (individualism condition). The exercise
consisted of the following seven steps, using collaborative sketching (C-Sketch) [4]. The only difference
between the three conditions was the digital stimuli.
1. The participants were introduced to the C-Sketch and task: “Generate as many ideas as possible
for a means of transport for the mountain area” (Figure 2(a)).
2. Different versions of the video were presented with the digital stimulus (the participants were not
told about the aims of the study or stimuli) (Figure 2(b)).
3. Participants were asked to ideate individually by generating as many ideas as possible via sketching
and annotation (Figure 2(c)).
4. During group ideation, participants were encouraged to edit, elaborate, and add more ideas, based
on each other’s sketches and notes (Figure 2(d)).
5. During group discussions, participants could ask and answer questions about the other group
members’ contributions (Figure 2(e)).
6. Finally, participants had to select and develop their best ideas (Figure 2(f)).
7. The participants filled in a questionnaire about their cultural individualism—collectivism views [17]
by scanning the code, as shown in Figure 2(g).
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Figure 2. Exercise procedure
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4 RESULTS

To analyse the effectiveness of the digital stimuli in priming IC values, we extracted the difference
between the two individuals’ cultural value questionnaires; then, we ran the Shapiro-Wilk test, which
showed that our data was not normally distributed, and there were outliers in the data. Therefore, we
deleted the outliers and tested our data with nonparametric tests.

Although all conditions showed an increased mean of IC values difference score between the pre- and
post-questionnaire (Figure 3 (a)), only the collectivism condition had a statistical difference z = 3.22,
p = .001, tested by related-samples Wilcoxon signed-rank test. A Mann—Whitney U test was used to
determine if there were differences in the difference scores between the three conditions. The mean
difference score was statistically significantly higher in the collectivism condition (2.57) than in the
neutral condition (0.5), U= 4.5,z= -2.411, p= .016, and in the individualism condition (mean =
0.33), U=5.5,z=-2.806, p < .005.
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Figure 3. Comparison of the three conditions
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Considering the goal of the ideation task (to generate ideas for a means of transport for the mountain
area), the participants’ output could be divided into two categories of design aims: transportation for
personal use (e.g., a wearable small aircraft, Figure 4 (a)) or public use (e.g., a hot air balloon with
stations, Figure 4 (b)). We ran a Mann—Whitney U test, and the design aim was statistically significantly
different in the collectivism and individualism conditions, U= 8,z = -2.899, p = .012. As such,
participants in the collectivism condition generated more ideas (6) for public use than for personal use
(1), while the individualism condition led the participants to generate more ideas (8) for personal use
than ideas (1) for public use (Figure 3 (b)).
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Figure 4. Examples of outputs for different design aims

5 DISCUSSION AND LIMITATIONS

The IC value of the collectivism condition increased with statistical significance, as we could expect
based on previous literature [13], which confirmed the effectiveness of the digital stimuli in influencing
the score of IC cultural dimension. As such, participants in this condition became more focused on the
“we,” rather than the “I” [10], which also influenced the ideas generated. The individualism and neutral
conditions seemed to have marginally increased their IC value to become collectivistic-oriented, which
is unexpected considering previous studies [10, 12]. Nevertheless, there was no statistical difference,
meaning that the neutral and individualism conditions did not significantly trigger a change in the
participants’ IC values. By looking more carefully into the participants’ course documentation, which
they had to upload weekly, we could infer that the method (C-Sketch) and process we applied in the
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exercise could possibly have influenced the participants’ IC values in the neutral and individualism
conditions. One participant with an increased IC value (from the individualism condition) said:
“Working with the Collaborative Sketching method felt very natural, because it feels almost like working
alone while keeping the advantages of working in a team. By cutting out discussions and confrontation,
you can focus on creativity and only at the end evaluate the idea each one has come up with and discuss
them”. Another participant also expressed: “I really liked the ideas generated by my peers and had a lot
of fun adding my own upgrades into their designs ”. Therefore, it could be that the pleasant experience
in group ideation may have triggered the participants to think with the “group” in mind, which might
explain the slight increase in IC value in the neutral and individualism conditions. Nevertheless, these
insights cannot be confirmed with our data.

Another finding in our study was that the stimuli influenced the participants’ outputs (design aims).
When the participants developed their final and best ideas, most of them portrayed public transportation
solutions in the collectivism condition, while the participants in the individualism condition developed
more ideas meant for personal transportation, such as for one person. Although numerous studies have
explored the use of stimuli and the influence of these stimuli in design [18, 19], stimuli priming culture
in design is a little-discussed topic. Our study shows evidence of the impact that digital stimuli can have
on cultural dimensions and design (i.e., design aims). As such, it presents an opportunity to explore how
cultural dimensions can be malleable to influence novice designers in their design.

Several limitations should be considered. First, the small number of participants might limit the
generalizability of the results. Second, the unbalanced number of participants in three conditions (e.g.,
the neutral condition had only six participants) might have influenced the results compared with other
conditions (seven in the collectivism condition and nine in the individual condition). Third, we tested
the digital stimuli in a class without strict experimental procedures and controls, which may have
influenced the results. These are aspects to take into consideration for our future studies.

6 CONCLUSIONS AND FUTURE WORK

We designed digital stimuli as videos for priming cultural differences, specifically the IC dimension,
during an exercise in a university creative design course. Our results show that the collectivism stimulus
effectively primed individuals’ IC value, resulting in a higher IC value than in the neutral and
individualism conditions. This means that individuals’ cultural values can be primed by digital stimuli.
Furthermore, we found that, by priming participants’ IC values, their design aims differed based on the
corresponding digital stimuli. Participants in the individualism condition developed more transportation
solutions for personal use, while participants in the collectivism condition created more ideas for public
transportation. In addition, we discussed the possible influence of the group ideation method (C-Sketch),
which might have positively influenced the participants’ experience of group ideation and caused a
slight increase in their IC values. These insights reveal potential benefits for design and engineering
education, as it often involves a significant amount of collaborative work, which may pose a challenge
for novices who have more individualistic behaviours. One potential approach is to foster collectivist
values within groups, which may facilitate greater collaboration (e.g., mitigating the negative influence
of individualism in collaborative ideation of one conversation at a time [20]) among students and
encourage them to prioritize collective goals over individualistic perspectives. In addition, it is possible
to promote individualism during the ideation process, with the aim of motivating individuals to generate
a greater number of ideas [14]. Conversely, collectivism can be emphasized during the idea selection
phase, in order to achieve an objective consensus [20]. As more and more design schools increase their
internationalization, it is important to consider the impact of culture on how we teach design and prepare
our students to ideate without creative constraints, such as those implicitly imposed by culture.

Our study might serve as the groundwork for further exploration of digital stimuli from a cultural
perspective in engineering and design education, and creativity research. In future studies, we aim to
improve the digital stimuli to provide an immersive experience with virtual reality (VR) equipment for
participants and investigate whether a digital stimulus supported by VR could prime individuals’ cultural
values, thus affecting their performance in ideation and design creativity.
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ABSTRACT

Loneliness among university students is a major issue. For new students, the first week at the university
is crucial to develop a new social network and possibly reducing loneliness. This study aimed to
investigate the effect of having a group project for new university students in the start-up week of the
first semester. The social aspects were the focus of this study, however, also the students' reception of
the project task is investigated. The students were working in groups of 4-5 students and were asked to
design a small student cottage. To investigate the effects of having a group project at the beginning of
the first semester, a survey was distributed at the end of the first week The results indicated several
benefits both academically and socially. 88% rated the project to a high degree and to a very high degree
contributed to academic collaboration. Furthermore, when asked to which extent the project encouraged
a social arena and contributed to gaining new friends, 90% and 79% respectively, replied either to a
high degree or to a very high degree. The results of this study can provide other educational institutions
with insights on how to meet first-year students, and how to provide a social arena. By having a Start-
up project which is both a theoretical and physical task, the students find other students to befriend and
work with.

Keywords: Student environment, start-up project, civil engineering, education, survey

1 INTRODUCTION

The first year of a students’ higher education considerably affects their performance and probability of
completion. Even the first weeks are a crucial phase [1]. It has been found that social adjustments during
the first weeks are related to a higher probability of completing a degree [2]. Findings by Wilcox et al.
[3] suggested that social support networks have a major influence on preventing dropout and that not
making new friends was of high importance when deciding whether to continue or not. During the first
weeks, it is an urgent need for social arenas to interact with others [3].

Every four years the SHOT study (Students’ Health and Wellbeing Study) is carried out to map the health,
well-being and psychosocial environment of students in Higher Education in Norway [4]. In recent years
there has been an increase in reported loneliness among students. In SHoT 2022 [5] 36% reported that
they either miss someone to be with, feel left outside or feel isolated often or very often. This is an
increase from 2018 [6] when 30% of the students reported this. Another result from this research is that
34% report that they only have a few friends and 7% report that they do not have any friends. Loneliness
amongst university students is reckoned a major public health issue [4]. These students are vulnerable
to feeling loneliness, as most of them are in a stage of life where they are transitioning from teenagers
to young adults [4]. This period in life is associated with moving away from home and moving to a new
place, and a need to develop new friends and social networks.

The first week (introductory week, Fadderuke in Norwegian) at university is in Norway often associated
with non-academic social activities and partying. In Norway, 77% reported that they participated in the
introductory week. It was shown that 8 out of 10 felt that it was expected to drink alcohol during the
introductory week [7]. It has also been found that 61% of the students want more events without alcohol
and many feel that there is too much drinking in the student environment [5].

Based on the findings above, it is imperative to integrate students into their new academic environment
as effectively as possible, meaning that universities must be aware and utilize this window of opportunity
to give students a meaningful start. The purpose of this study was to investigate the effect of having a

EPDE2023/1112 43



group project (Start-up project) in the first week for first-year students, as a supplementary activity to
the other introductory week activities.

2 CASES

The students participating in this study were first-year civil engineering students at the bachelor and
master level at the University of Agder (UiA), Norway. The students were assigned a Start-up project
in their first week at the university. The Start-up project was developed by lecturers in the Civil
Engineering department and supervised by the study program leaders. The project was presented to the
students as a design project and not a get-to-know-each-other project. The goal of the project was to
design a small student cottage, with the main assessment criteria being functionality, creativity,
sustainability, and design. The long-term goal of the project is to build an actual cottage for the students
to use. They also had to build a model on a scale of 1:20. The students were divided into groups of 4-5
students and had three days to complete the project. They started their study on August 15" and was
given the information about the assignment on the 16™ of August.

The students were working on their models of the cottage on Thursday the 18" of August. In the evening
of the same day the study program leaders hosted a barbeque for all the first-year students. The purpose
of this barbeque was to incentivise the students to complete a full day of working with the project, and
to facilitate a non-alcoholic social arena. On the final day (19" of August), they presented their project
in front of the rest of their class, and a jury consisting of employees from the civil engineering
department. Each project was evaluated by the jury according to the aforementioned criteria, and the
winner were awarded sweaters from the Civil Engineering department. The students were informed that
the project was not mandatory, but participation was highly recommended.

3 METHODS

The purpose of this study is to map the students’ experiences from completing a start-up project. The
students participating in the Start-up project were asked to answer a survey immediately after the
presentation of the final projects. The same survey was sent to both bachelor and master students. Table
1 shows the number of students answering the survey and response rate. The survey consisted of 11
multiple-choice questions and two free-text options to give more detailed comments. All surveys were
distributed through the Learning Platform Canvas and made with SurveyXact.

The students were asked to evaluate the different aspects of the Start-up project on a scale from 1 to 5,
where 1 meant to a very low degree and 5 meant to a very high degree. The survey questions covered
social aspects, study environment, motivation, and academic benefit. However, the main aim of this
study was to investigate the social aspects of having a project at the beginning of the first semester.

Table 1. Data about the surveys

Distributed Total number of Number of Response rate
students respondents
Bachelor students Aug 191 2022 79 53 67%
Master students Aug 19" 2022 20 17 85%

4 RESULTS AND DISCUSSION

4.1 Social aspects and study environment
Figure 1 shows the results related to the outcomes of working in a group during the Start-up project. The
students reported that working in a group generated many positive outcomes.
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Figure 1. Response to the questions “To what degree did working in a group contribute
toﬂ

Most students reported that the group work contributed to a high or very high degree of getting new
friends (88%), feeling part of a group (88%) and getting to know the group members (88%). When 88%
of the students' experience getting new friends during this Start-up project it can result in a reduction of
the experienced loneliness that was demonstrated in the SHoT study [5]. We wanted to avoid a
completely theoretical assignment and give the students a task where they had to build a physical model.
This was done to encourage the students to not only meet their peers physically, but also to meet on
campus, to possibly increase the sense of belonging. Like a virtuous circle, the students will have some
familiar faces when arriving at campus, increasing the likeliness of getting to know more of their
classmates, reducing the feeling of loneliness, and being included in an academic collaboration. Also,
the barbecue allowed the students to meet the university staff in an informal environment. This may
lower the threshold for some students later when they need to interact with the university staff.
According to Pedler et al. [8], students with a greater sense of belonging usually have more academic
self-confidence, higher motivation, higher achievements and higher academic engagement.
Additionally, a sense of belonging and social integration is essential for retention [3].

The feedback from the students in the free-text option of the survey was that the group work was a fun
and social activity, with little pressure. However, a small humber of participants reported that it to a
very low degree contributed to getting new friends (2%). Some students also reported issues with few
group members showing up for the group work and that these did not contribute to solving the
assignment.

Figure 2 differentiates the answers to questions regarding working in groups between bachelor and
master students, showing the percentage answering to a high or very high degree. There is a clear
positive response to the group work, both academic collaboration and pure social aspects. For the master
students, all students (100%) answered that the group work contributed to a high or very high degree of
getting to know the group members, feeling part of a group and academic collaboration.

Previously there has been little focus on having a Start-up project at the beginning of the master studies
at UiA. Although most of the master students have completed their bachelor’s degree at UiA, a clear
majority of the master students stated that this Start-up project gave them new friends. However, we
wanted to integrate the students coming from other universities and chose to run the same start-up project
for everyone. The results of this study show the importance of having a Start-up project for the master
students as well as the bachelor students.
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Figure 2. Percentage answering “to a high and very high degree” on the questions in
Figure 1. The figure differentiates between bachelor (BSc) and master students (MSc)

In Figure 2 it is also clear that the master students scored every aspect higher than the bachelor students.
The reason for this is not investigated in this study but may be explained by their previous educational
experience. The importance of cooperation during the study period might be more obvious for the master
students since they have already finished at least three years of higher education.

4.2 Academic aspects
Figure 3 shows the students' experience of the task for the group project. The figure illustrates that few
students felt that the task was stressful and unnecessary, while most students experienced to a high or

very high degree that the task itself was fun (89%) and relevant to the study (71%). However, only 57%
of students experienced to a high or very high degree that the task was educational.
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Figure 3. Response to the questions concerning to what degree the project task was

Although the focus of the Start-up project was to be a social arena, a high educational outcome was also
desirable. The students starting at the Civil Engineering education at UiA have various backgrounds. A
possible explanation for the relatively low reported educational relevance might be that it was desirable
to include all the students in the Start-up project. Therefore, the Start-up project did not require any prior
knowledge.

Figure 4 shows that there was little difference between the bachelor and master students' perception of
the project task. The largest differences can be seen regarding how relevant the task was for the study/
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academic field. Almost similar tasks were given to both bachelor and master students. Hence, to make
it more relevant for master students a more specialised project could be made. In contrast to the bachelor
students, the master students have some prior knowledge. Hence, the Start-up project for the master
students could be made more relevant for the study which again could increase the educational outcome.
Intriguingly, both the bachelor and master students found the Start-up project to be fun, making it a
viable option to the introduction week. This could reduce the pressure of drinking alcohol [7] and
accommodate the request of more events without alcohol [5].

Unnecessary
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Figure 4. Percentage answering “to a high and very high degree” on the questions in
Figure 3. The figure differentiates between bachelor (BSc) and master students (MSc)

Overall, these results indicate that a Start-up project can be beneficial for social integration and introduce
new students to the academic field. Whether or not initiatives at the beginning of the degree contribute
to minimising loneliness should be further assessed at several time points. According to Bowman [1],
the effect of various initiatives to predict the well-being and belonging of university students should be
assessed over time and not only at one or two time points.

5 CONCLUSIONS

This paper set out to investigate the effects of having a group project for new bachelor and master

students in the start-up week of the first semester. Based on the knowledge obtained in this study, the

following conclusions can be drawn:

e  The Start-up project was found to give the students an introduction to the academic field.

e  Working in groups had multiple positive outcomes, e.g., the students got to know the other
students, and made new friends.

o  Few differences were found between bachelor and master students, both concerning the social
aspects and perception of the project task.

e  Although the focus of the group project was to facilitate a social arena, an effort can be made to
develop project tasks that also give a higher educational benefit.

e  The project can also be an alternative arena to make new friends and work with a project related to
the academic field, as well as being a non-alcohol activity.

The research presented is based on one attempt to make a simple Start-up project aiming at contributing

to social and academic integration. However, the results are limited to short time effects, long-term

effects have not been covered in the present study. The findings might offer insight into how to meet

new students and a possible approach on how to facilitate an academic and social arena for new students.

6 FURTHER RESEARCH

A further study should assess the long-term effects of the Start-up project and investigate whether such
initiatives can reduce the loneliness of university students as well as investigate if it can contribute to
student retention. Since many of the master students know each other from previous years a different
kind of start-up project could be considered.
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ABSTRACT

Design fiction supports the development of tangible prototypes to assess factors in a near future in a
more concrete way. The feedback loop into the present, however, remains as a set of recommendations
or guidelines for new product development. This paper describes a methodology that includes reframing
specific factors from the future to the present by using two related problem formulations, one in the
future and one in the present. The methodology is used in an MSc of Industrial Design course where
student teams work on project formulations for Space settings in a near future and reframe the projects
to situations on Earth where factors concerning the problem, context, users or working principles are
revisited, interpreted and reworked to create a value proposition for the present in a concrete manner.
The findings indicate that insights can be interpreted at various levels of abstraction and, when combined
with critical thinking, stimulate the reuse of processual aspects and reframing of specific factors
addressed in the future formulation into the current project formulation.

Keywords: Reframing, wicked problems, industrial design, design fiction, future forecasting

1 INTRODUCTION

Industrial design always involves a degree of future forecasting since product development requires
understanding and testing various factors of the context in which the product will be used. User-centred
design methods enable anticipating and testing user needs, prototyping supports the iterative
development of working principles, and engagement with relevant stakeholders support the creation of
a coherent value proposition. One can argue that these design methods of traditional problem-solving
address short and medium-term forecasting because under such framework, technological development
or new user needs will be addressed through a new cycle of product development.

Methods for longer-term forecasting that encompass designing tangible outcomes includes speculative
design [1] and design fiction [2]. Speculative design uses storytelling and design outcomes as prompts
for building a tangible scenario in a potential future. The potential future is then critically reflected upon
by addressing values, ethics and implications that lead to the formation of new perspectives. Design
fiction shares the common ground of being critical towards the future. The tangible prototypes are also
used as means to represent factors related to technology and culture in a potential future to spark
discussion about the consequences of decision making. The focus is deeper on existing archetypes [2,
p.87] which are ordinary artifacts of daily life. When compared to speculative design prototypes, design
fiction prototypes are often less uncanny, and therefore more relatable. Therefore, such prototypes of
design fiction focus away from storytelling and remain more closely related to prototypes used as
prompts for immediate reflection on the implications for users, interaction within the envisaged context
together with people and other systems. For this reason, | position design fiction prototypes as having a
function in the design process that is closer to traditional prototypes used in industrial design.

The feedback loop into present product development is one of the most important aspects of producing
tangible artifacts as probes into possible futures. Design fiction [2, pp. 194—209] proposes disseminating
the results of critical thinking in form of recommendations that will impact strategy. This feedback loop
affects organisations and product development from top-down, which is similar to the recommendations
proposed by future foresight [3]. I hypothesise that if the use of prototypes enables a better understanding
of the envisaged future, then, the feedback loop into the present might also include the development of
tangible outcomes. To fulfil this premise, a degree of relationship between the envisaged future and the
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present situation must be established. Accordingly, experiments, insights, sensemaking and frames [4]
used to tackle the future may become a baseline to assess the present situation.

The main goal of the methodology presented in this paper is to test this hypothesis in an educational
setting, and it unfolds as follows: 1) Proposing a hypothetical situation in the future as a way to probe
on factors affecting present situations; 2) Addressing the future situation by designing a tangible
outcome to critically reflect upon its implications; 3) Reflect-in- and through-action is applied to propose
a second-order tangible outcome to address the present situation. Steps 1 and 2 are addressed using
traditional industrial design methods and design fiction, and step 3 through reframing.

Reframing occurs in teams with different patterns from individual reflection-in-action [5], where team
members “engage in if-then arguments, and some of the experiments interact with the prototype, to
assess particular situations”. Team members then create new frames based on the reflections and proceed
on to redefine the problem and design a solution. Reframing in the present paper is based on the stages
defined by Stompt and co-authors [5] and requires assessing corresponding problem formulations at a
high abstraction level and linking relevant product functions to develop operational solutions for
contexts sharing similar requirements.

This paper describes how the methodology was applied in a project module in an MSc in Industrial
Design, in which students chose a living function and designed products to support human activities in
future settlements in space (Moon or Mars). Secondly, they developed concepts to improve existing
situations on Earth that shared certain requirements with the first solution. The analysis of the projects
developed by students focuses on specific factors, in both Space and Earth project proposals. The
assessment of what factors were maintained, reframed, or abandoned supports the reflection about the
methodology. The paper discusses the application of the methodology in academia and design practice
after an assessment of its potentials and shortcomings.

2 METHOD

The project formulation presented in this paper was part of a revision of a 20 ECTS course for students
in the MSc in Industrial Design at Aalborg University. The learning objectives were already established
and were not changed. Overall, the competencies that students must accomplish by the end of the course
focus on the topic “technology innovation driven by design” which entails transforming technology
opportunities into strategies, concepts and specific product proposals through integrated product
development. This topic was interpreted as a potential to explore the interrelationships between science,
engineering, and design as defined in Oxman’s krebs of creativity cycle [6], by emphasizing design as
the catalyst to addressing technological advancements in both visionary and operational ways. This
requires designing products and production systems in tandem, working with limited infrastructure that
is currently under R&D and bridging the gap between conceptual design and production.

2.1 Course structure

The course spanned over 12 weeks and included five milestones. The academic evaluation included the
submission of a process report, followed by an oral exam that included a presentation and discussion of
product proposals and respective design processes. Students worked in teams of four or five elements.
Each team was supervised by a main supervisor with a background in industrial design and a technical
supervisor with a background in materials and production. In total, four faculty members, two from each
background supervised the six teams of students.

The five milestones were defined as follows: 1) Scope and principles; 2) Analysis of concepts; 3)
Concept visualization; 4) Details and conclusion for the Space proposal; and 5) Reframing for proposal
on Earth. Each student team presented their work and received verbal feedback from the four faculty
members and colleagues during the milestones. Milestones were used as learning spaces where concepts
were questioned and discussed, and the process was assessed based on the validity of the methods used
in relation to the specific factors of the inquiry. Milestones also served as learning spaces for friction
and uncertainty, allowing different perspectives to be debated based on the proposed visions, with the
goal of constructing, complementing, or reframing the core questions.

The semester was divided as follows: the Space project proposal was developed over eight weeks, with
four milestones; the reframing for the Earth concept proposal was developed over two weeks with one
milestone. The finalization of submission material took two weeks, with one week of preparation for the
exams.
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2.2 The assignment

‘From Space to Earth’ was the semester’s theme. The goal was twofold: first, to imagine how new
technologies could support activities in human settlements on the Moon or Mars in the near future, and
second, to consider how these new applications could be reframed to improve existing situations on
Earth. To develop their projects, student teams chose one of the following living functions: 1) Food
systems; 2) Clean air and water; 3) Leisure and physical activity; 4) Energy efficiency; and 5) Interior
furnishing. All projects should consider transportation, manufacturing, and assembly feasibility.
Students address the intertwined relationship between science and design by developing concepts for
the foreseeable future that are based on ongoing research and cutting-edge technology. Second, when
reframing the project formulation for Earth, students apply critical thinking to identify a situation that
has some degree of commonality with the one developed for Space and develop a concept to address it.

2.3 Limitations

The semester occurred during a Covid-19 lockdown in Spring of 2021. Accordingly, all work was done
remotely, including all academic assessments. This limited access to workshops for physical prototyping
and face-to-face access to key stakeholders (users, researchers, component suppliers). Remote work
enabled, however, a higher level of empathy regarding future communications between Earth—Space.

3 RESULTS

Table 1 provides an overview of the main factors — problem, context, users and working principles —
concerning the project formulations. Furthermore, it provides a basis for assessing the degree of
alignment between project formulations (Space and Earth), classified as Y (yes), N (no), or P (partial).
Based on the established order of factors, the following alignment of project formulations is observed:
1. YNNN; 2. PYYP; 3. YPPP; 4. PNNN; 5. PNNP; 6. YPPP. These strings enable to conclude that
reframing in projects 1 and 4 have a lower alignment, medium alignment in project 5, higher in projects
2 and 3 and highest on project 6.

Table 1. Main factors of the project formulations for Space and reframing for Earth

Team # Factors Space project formulation Earth project reframing Align.
Problem Food production (Moon) Food production Y
Context Farming site Home N

1 Users Community Family N
Working Modular, self-supporting structures | Wall-mounted individual vases N
principles
Problem Wastewater disposal (Mars) Solid waste disposal P
Context Living pod to habitat structure Apartment in high-rise building Y

2 Users Inhabitants Inhabitants Y
Working Electromagnetic rail system, bag, Electromagnetic rail system, P
principles | valves plastic bin, fork frames
Problem Circadian rhythm monitoring Circadian rhythm monitoring v

(Mars)

3 Context Living unit General use P
Users General Specific / Blind P
Working Wearable device, glasses, light Wearable device, wristwatch, P
principles | sensors temperature sensors
Problem Water capturing and transport Water capturing P

(Moon)
Context Extract site to treatment facility Rooftops in vulnerable housing N

4 areas
Users Automated system Citizens
Working Electromagnetic rail system, carbon | Plastic water tank, in-situ
principles | fibre track, 3D printed metal materials N
Problem Physical activity and mental health | Learning and physical activity /

5 / gamification (Mars) gamification
Context Living unit Primary schools N
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Users Astronauts Children N
Working AR lenses, vibration board, sound Touch board, lights,
principles | waves, interconnected computer interconnected computer P
networks networks
Problem Food production (Mars) Food production Y
Context Living units / scalable Family housing in refugee camp / v
6 scalable
Users Community / astronauts Community / refugees Y
Working Cradle-to-cradle, tarpaulin, ceiling- | Cradle-to-cradle, tarpaulin, self- P
principles | mounted structures supported structures

3.1 Low alighment: one factor addressed or partially addressed

In project 1, only the problem of food production is addressed in both formulations. Despite this fact,
the team stated that “research done during the Moon scenario was useful to determine the technologies
[hydroponics] used in this new [Earth/home] scenario”.

In project 4, the water capturing problem was partially addressed, a correspondence that was established
only at a higher level of abstraction. “Something both proposals have in common is their ability to take
advantage of the environment, which shares the same overall problem: accessibility to water. The impact
of context in both cases had a major influence on the concept development. (...) It was difficult to find
a way to reframe the product to Earth because the technologies used [for the Moon proposal] would not
work in the environment on Earth, and transportation of water on Earth is not calling for a solution.”

3.2 Medium alignment: two factors partially addressed

Project 5 addresses similar problems by using similar working principles in both proposals. “The project
focuses on motivation to exercise the vestibular system as part of the obligatory training [on Mars]. This
project not only accommodates an exercise tool but also boosts mental and physical health by making
the training fun in a social community setting. (...) The approach of motivation and physical activity
benefits the brain and will be used for reframing new learning experiences in primary schools. (...) The
strategy for reframing incorporated key elements from the original product. Hereby the reframing
centred around a holistic approach to motivating someone (...) through gamification. At the same time
the active element, aesthetics and interaction were kept as a part of the concept.”

3.3 High alignment: all factors fully or partially addressed

In project 3 both proposals address the problem of biomonitoring the circadian rhythm of users. The
Mars proposal is a system encompassing circadian light glasses, a monitoring device, and a charging
station. The glasses simulate “a regular day with the right light intensity and colour hue” to enable the
daily levels of hormone production. Reframing focused on finding users on Earth that shared similar
challenges of circadian rthythm due to no perception of light. “Circadian rhythm also can be manipulated
through temperature. This is the working principle of [the product for Earth. It] allows blind people to
reach a similar optimized perception of the day, by regulating through changes in body temperature, and
providing them with an aid that can help them keep track of time during the day. This is all controlled
by the watch.”

Project 2 partially aligns problem and working principles and fully aligns context and users. “The
strategy of reframing [from Space] to Earth started with an identification of [the Space proposal’s]
strongest and most innovative competencies and clarifying them. An investigation on latent problems
on Earth was explored to find further possibilities suited to related aspects of [the Space proposal]. This
both contained the field of similar situations, features, or related problem areas, such as transportation,
containing and handling of substances.”

Project 6 fully addresses the same problem formulation, context and users when analysed from a high
abstraction perspective. These factors, however, could be characterised as partial if analysed in more
detail. The self-sufficient food production problem for Mars further encompasses the creation of glucose
as a source for bioplastic that would, in time, be used as building material to scale up the system. Such
conceptualisation is not present in Earth reframing. The “reframed product proposal [is] developed on
basis of some of the same principles and knowledge. (...) Common to both proposals is the focus on a
temporary plant growing solution with minimum environmental impact, and the use of locally available
resources.”
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A cradle-to-cradle approach was considered in both formulations. However, in the Earth formulation,
for refugee camps, the tarpaulin used is refurbished from existing tents, thus applying a different
circularity level. This process is informed by a reflection upon the overall application of cradle-to-cradle
for Mars. “This approach prolongs the material lifetime while dealing with some of the trash issues in
refugee camps and minimizing cost and environmental impacts of shipping and producing new
materials.”

4 DISCUSSIONS

PRESENT FUTURE

REFRAMING ©

project proposal ’ e project proposal 9

PROBLEM'’ PROBLEM
CONTEXT "’ CONTEXT
USERS’ USERS
WORKING PRINCIPLES’ WORKING PRINCIPLES

o DESIGN FICTION [angible outcomes]

Figure 1. Proposed methodology for developing a project proposal for the future (2) by using
design fiction (1) and reframing (3) it into the present (4) by bridging specific factors

The methodology presented in this paper (Figure 1) allows designers to use design fiction (1) in
developing tangible outcomes that become part of developing a project proposal (2) for the near future,
then reflect on several factors that define the proposal and reframe them (3) to create a project proposal
for the present (4). The critical thinking involved in reframing for the present allowed design students
to use the experience and findings from the project proposal for the future. Particular aspects from the
problem, context, users and working principles provided a lens for finding real situations in which some
of the factors were observed; and to address the discovered situation by reframing certain factors.
Reframing as a method for the feedback loop into the present differs from design fiction in that it does
not include a set of recommendations reached after reflection. Comparatively, reframing allows for
addressing the present at a more concrete level of abstraction, due to the development of tangible
outcomes. However, because the future and present project formulations are not identical, this can be
considered a limitation that must be addressed before this methodology can be used in design practice.
An example of this assumption is that the loop in design fiction, while more abstract, still addresses
similar factors from the future project formulation, and this may be included in a design brief for new
product development in the present. Despite this limitation, reframing enables to tackle particular factors
in present situations based on an experience gained from a problem-solving activity (developed to
address the future situation). The creation of bridges between specific factors in the two project
formulations (future and present) may allow designers to exercise critical thinking in ways other than
mapping and analysis. It positions it more closely to reflection in- and through- action [7].

Overall, reframing from future-to-present facilitates mapping important elements of a problem-solution
pair (as defined by [8] and tested with design teams by [9]) without biases that may arise when assessing
a somewhat more familiar present situation rather than a future one. Furthermore, developing a specific
product for the future that serves as a proxy for the present establishes a baseline for assessing both
process- and product-related factors regarding the current problem formulation, requiring a new level of
immersion in problems and their respective nuances. This process facilitates sensemaking by building
on prior experience as well as previously established and reflected insights. Because both project
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formulations are addressed through tangible outcomes, | argue this constitutes a designerly way of
knowing [10] for industrial designers in the context of design education.

Understanding a design proposal as a system that is part of a supersystem and includes interreacting
sub-systems, all evolving in a continuum of past-present-future is not novel [11]. I consider that the
methodology here described enables students in developing critical thinking towards established factors
of present situations that sometimes are implicitly accepted at the outset of design activity (e.g., quality
of infrastructure, uninterrupted supply chain, resources availability, etc.). The presented case
demonstrated that students were able to reflect on previously created insights and reframe them into new
user groups and contexts and relate them with business (supply chain, cost, etc.) and technical aspects
(technology development, materials, production, waste, etc.).

5 CONCLUSIONS

Future designers are expected to deal with increasing wicked problems and upfront dynamic complexity.
The methodology here presented offers an approach to engage with underlying factors of wicked
problems, learn from direct experience, and use tangible outcomes as a central part of the learning
experience. The findings indicate that insights can be interpreted at various levels of abstraction and,
when combined with critical thinking, stimulate the reuse of processual aspects and reframing of specific
factors addressed in the future formulation into the current project formulation.

Future research can address the application of this methodology in project formulations for specific
product typologies and predetermined time frameworks. This exploration can be pursued either in
learning contexts or design practice. This would allow clarity on which factors are more prone to be
reframed and how situations could be effectively described in correspondent problem formulations to
allow designers to approach them in unbiased ways.
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ABSTRACT

The learning space in the 21% Century cannot be limited to a closed space like the classroom. It is
important to push the limits of creativity and innovation in the mind of the apprentice. Mixing dissimilar
topics, awakening intrinsic motivation, and following a design methodology are the keys to achieve
efficient learning. Challenge based learning is an integrative pedagogical approach that combines
experience, cognition and behaviour. This approach takes advantage of students' interest in finding
practical meaning to education, while developing key skills competencies in a world mediated by rapid
technological advance and sustainability. In this paper, a pedagogical strategy is exposed to impact first-
year students in the application of a design methodology and the development of competencies in
graphic expression, manufacturing, critical thinking. These skills were obtained from the challenge of
designing, materializing, and testing a floating luminaire that works from solar energy. These prototypes
were manufactured with sustainable materials and processes, considering as an aesthetic/formal referent
the work of Ernst Haeckel and as a physical principle, Archimedes' law to achieve buoyancy and stability
on the water. The outcome of this learning experience was 56 luminaries that enlightened and floated
over the water mirror of the cultural centre of the EAFIT University, the library Luis Echavarria
Villegas.

Keywords: Learning challenges, sustainability, solar energy, creativity, luminaire, buoyancy

1 INTRODUCTION

Learning by doing has proven to be an efficient education strategy especially in disciplines related to
engineering and design. Active learning is the center of the pedagogical model of Universidad EAFIT
[1], the different methodologies that comprise it consider the student at the center of the training process
and seek to strengthen applied knowledge without abandoning the importance of theoretical knowledge
and reflection on the consequences of doing. Students become protagonists of their own learning process
and teachers in the role of counsellors and boosters of the process. Experiential learning, as part of active
learning, is an educational approach that seeks to challenge and learn by doing [2]. These types of
projects are particularly useful for the development of skills such as critical thinking, autonomy, self-
esteem, empathy, collaboration, and reasoning in search of pragmatic solutions. Project 2 is a first-year
course, whose pedagogical objective is metacognition, how is it designed when you design? The course
is focused on solving challenges around furniture and proposes two exercises, the first is aimed at the
student developing a luminaire. This challenge proposes to combine different topics of study such as
solar energy, Archimedes' law, and the inspiration around the work of Ernst Haeckel, so that the student
summarizes it in a functional prototype integrating the theme of sustainability in six weeks. This
challenge introduces the student to the use of alternative energies to design and confronts him with
solving engineering problems that may be demanded in subsequent semesters. It also exercises he/she
in the use of methodologies and tools to design that are fundamental in design and engineering
education. Universidad EAFIT, with its motto - inspire, create, and transform - permeates its entire
pedagogical model and in this course, this philosophy is responded to promote responsible innovation
in the apprentice. This work shows the process of how students designed and manufactured 56 floating
solar luminaires, which were exhibited to the university community as an example of experiential
learning.
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2 METHODOLOGIES

A five-step methodology was used, which was implemented for 6 weeks. See Figure 1. Its purpose was to
develop a functional prototype of a floating luminaire activated by solar energy. In addition, it sought to
develop competencies in students on concepts of firmness, utility, beauty, and sustainability [3]. It was also
important to promote work in their processes of self-reflection and critical thinking.

METODOLOGHY

Inspiration Brief:

exploration Heckel
Week 1 Luminaires analysis

Archimedes principle

Engineering & design
- lteractions-

Engineering drawings

i Development Electrical component testing
H 1 K Cost tables.
Ideation Concept design
- y . design Week 5
* Physical model 3D creation
Study Sketch W
Introduction to eek 283
Solar energy g
Results
Concept .
: g "Functional prototype- Week& e biton
.o 4 unctional prototype xhibition
Model 1:1 deﬂgn (PLA, Laser, wood waste) Celebration
Information Sketch Week 4 Brochure Achievements and

Light effect testing Brief Evaluation results
Bouyancy test Testing

Figure 1. Design Methodology

2.1 Inspiration/exploration

The teachers presented the brief, the luminaire had to be based on the work of Ernst Haeckel, float, and
rest on a flat surface, and generate a warm light for the home from solar energy. It began with the
presentation of Ernst Haeckel's work "art forms in nature” developed between 1899 and 1904, as an
element of formal inspiration [4]. The categories of study to investigate and make a formal exploration
by the students were: Thalamophora, Diatomea, Desmidiea, Echinoidea, Acantharea, Spumellaria,
Prosobranchias, Teleostéos, Ascidias. Parallel to Haeckel's exercise, they had to understand the
operation of 2 luminaries, through the observation and drawing of its components. One luminaire was
assigned by the teachers from a design website and the other they were able to choose the model from
one physically available at a store or their homes. This stage ended with two activities within the
classroom. The first one was the explanation of Arquines's law, and how to use it to calculate the
buoyancy force and water line, the appropriate materials selection, and the way to protect the electric
circuit. The second one consisted of showing a basic circuit assembled, their components and the range
of dimensions available to start generating their design ideas.

Figure 2. Subjects of inspiration stage: a) Arquimedes law, b) Vitruvio ¢) Haeckel

Beauty

2.2 Ideation/creation

Through sketches, students had to present the formal exploration of their proposals from Haeckel's
categories. Each had to explore the three dimensions, symmetry, proportion, and views of the concept
on different planes. In addition, he had to ask himself: how to make a floating structure that can be a
luminaire from the figure explored? How can Archimedes' law be applied to this structure? What
materials could work in water? If you need to locate a solar cell, an LED, a transformer, and a switch;
how would they be protected from the water? Subsequently, the team of teachers chose a concept for
each student, which due to its geometry and aesthetics best suited the established requirements. After
choosing the concept, the goal was to delve into the technical aspects of solar energy and the
environmental benefit of using renewable energy sources [5]. The operation and calculation of the
efficiency of a solar panel and the calculation of the type of battery required for the luminaire to operate
for a certain time were explained. In the end, to materialize the ideas, the students had to make three
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study models in 1:6 scale with their respective sketches. In the following week, the most viable was
chosen according to these requirements: cell size, location of the components, and formal reference.

2.3 Concept design

The student presented a 1:1 scale model and a sketch of the luminaire of the selected design concept;
He tested some materials, created visual effects using a light source, experimented with the location of
components, and did buoyancy tests based on Archimedes' principle [6]. For this test, the waterline of
the study model was calculated by following steps as illustrated in Figure 3:

Step 8. Calculation of

Step 13D Step 2. Cal
um bouyancy force

Modeling
(8f)

v B =Wl Yes Step 6. Compare
’ { " (Bfvs.WD)

> The -

Bf = pw.g.Vw No e

| i

pl = density of the lum

Step 7. Modify plane height

Figure 3. Calculation of buoyancy line

At this stage, students were advised to look for symmetrical shapes, volumes wider than tall, and low-
density materials such as balsa, 3D printed parts with low fill density, and thermoformed polystyrene
parts. From this exercise, it was possible to make changes of materials and distribution of weights of the
components to avoid overturning and achieve better buoyancy.

2.4 Development and detail design

Once the design concept was selected, for each luminaire the circuit was defined according to the model
and the studio sketch, to be able to define details for its construction. The corrections made considered
aspects such as the scale, size and proportion of the luminaires, the internal circuit and its location, the
type of LED and battery to be used and the elements and parts that could be simplified from the design
to optimize manufacturing and flotation. A 1:1 scale drawing of the assembled luminaire was required,
with section views to illustrate the location of components such as LED, solar cell, controller, battery,
switch, and wiring to facilitate construction and assembly of parts.

2.5 Manufacturing, testing and evaluation

Finally, each student defined the electrical components, materials and assembly strategies that would
allow them to build their concept in one week, based on the technical drawings, the information sketch,
and the 3D sketch. Construction processes included 3D printing, laser cutting, thermoforming, plastic
moulding with industrial dryer, plastic welding, and woodworking techniques such as cutting, sanding,
carving, serial plane assembly and waterproofing. Once the prototypes were manufactured, they were
evaluated under the aspects demanded in the brief. At this stage, slenderness corrections, switching to
lighter materials and relocation of components were made. Also, the intensity of the light, its effects and
the battery life were evaluated. In this way, some designs were modified and optimized. For the final
exhibition, each student prepared a digital brochure with the product name and image in the space, name
of the designer, materials used and design process. The catalogues were published on the Issuu platform.
Those attending the exhibition were able to access the brochure through a QR code that each student
had stuck on their shirt. The luminaries were exhibited in the water mirror of the university's cultural
center in a celebration with live music and as an achievement of being able to show the results to the
university community.

3 RESULTS

In this challenge-based learning project, 56 floating solar luminaires made of sustainable materials and
processes were obtained, the results are described below.
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3.1 Inspiration/exploration

The brief and Archimedes' law were analysed, two existing lamps were observed, and their components
drawn. Also, within Haeckel's categories they selected one and studied its definition, shape,
characteristics, and structures to generate a formal exploration and think about manufacturing materials.
In the case of the Acqua project, the student selected the category of Prosobranquias, from the gastropod
family.

3.2 Ideation/creation

The students selected from the previous stage three figures that were then drawn with volume and
materialized with scale models to specify their shape. The exercise proposed the creation of a three-
dimensional sketch through the exploration of a linear material [7], a planar material and a material that
could be moulded. In this case, the apprentice used materials such as wire, paper and clay. See Figure
4. Care was taken to define shapes that could displace enough volume of water to favour buoyancy and
house the solar cell. Model a) in clay was chosen for its symmetry, size, and the feasibility of locating
the solar cell and circuit at the base.

Figure 4. Formal exploration, 1:2 scale models of the Acqua project in clay, wire, and paper

3.3 Concept design

To clarify the location of the circuit components, verify the buoyancy of the structure and manufacturing
strategies of the final prototype, the students made a study sketch and a 1:1 scale model. Figure 5
illustrates the proposal for the Acqua luminaire.

ERFIT =i

Figure 5. Study sketching and 1:1 scale clay model and modeling. Acqua Project

3.4 Development and detail design

The students developed a sketch with the following information: assembled luminaire with the graphic
representation of the real materials, exploded drawing and a technical drawing detailing the location of
the electrical components and their assembly, see Figure 6.

Some students generated a technical drawing from a 3D modeling in CAD software, as in the case of
Aqua, while others carried it out manually on graph paper. Some students built their prototype modelled
in clay, wood or air-dry modeling clay and then digitized it using a 3D scanner. In this way, they were
able to export their creations to CAD software and generate a technical drawing.

3.5 Waterline calculation

Most students calculated the waterline from the three-dimensional modeling of their luminaires
following the scheme proposed in Figure 3. In the case of Acqua, the total weight was 4.8 N and the
volume of water displaced was 4.97 m?. The water line was 65 mm from the lowest part of the luminaire.
The 3D modeling can be seen in Figure 5.
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3.6 Manufacturing, testing and evaluation

Once all the technical, formal and construction aspects had been reviewed, the students began
manufacturing of their luminaires. Some were fabricated using 3D printing, wood carving, laser cutting
and thermoforming. In the case of Acqua, 3D printing was used. Figure 6 shows the entire assembly and
the buoyancy test.

Figure 6. Acqua information sketch and model in use,3D printing manufacturing and testing

Each luminaire was evaluated, the most relevant recommendations were related to shape, performance,
and buoyancy. In some projects it was necessary to replace the materials with lighter ones, relocate and
reduce the height of some parts to lower the center of mass to improve stability and buoyancy and avoid
an overturning.

3.7 Exhibition and celebration

“The light is On XIV,” is an academic cultural and artistic event conceived for the exhibition of the luminaries
to the academic community, family, and friends. It is a presentation that takes place every six months since
2016 as part of the course Project 2. For this edition, the floating luminaries were exhibited in the water
mirror of the library Luis Echavarria Villegas University Cultural Center. The students wore a QR code
on their t-shirt with the link to the catalogue of each creation published in Issuu. Some of the
achievements and results can be seen in Figure 7.

Figure 7. Exhibition at the Library Luis Echavarria Villegas Cultural Centre

4 CONCLUSIONS AND DISCUSSIONS

From experiential learning [8], the student was able to make a continuous cycle of reflection,
conceptualization, application of knowledge and experimentation to verify the specifications of the design
challenge. The exercise of the luminaire confronted him to learn, to be reflective, recursive and to work
synergistically with engineering and design tools. It is an exercise to awaken your intrinsic motivation and
prepare you for new challenges in topics such as solar energy [9], sustainability, and formalization. They
also learned about the importance of following a design process and methodology in complex projects.
In the inspiration and exploration phase, the exercise combined engineering, design, and art for concept
development. Designing with a formal reference when learning to design facilitated the work of creation.
Likewise, understanding how a solar circuit and a floating structure works and combining these concepts
with the microorganisms that Haeckel researched, made the exercise innovative and stimulating for
students' creativity. In the Ideation and creation phase, according to Rowena Reed: "all three-
dimensional projects must be designed three-dimensionally, you can't design a good three-dimensional
design on paper. You must deal with negative space, and you cannot do that in two dimensions". In this
exercise, the exploration of three types of materials for the fabrication of the three-dimensional sketches
from line, plane and volume was particularly important, it helped the student to find the material that
made it easier for him to express the shape of his idea [10]. We consider this practice to be efficient and
should be replicated in 3D object design exercises in the ideation and creation stage. In the design
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concept stage, students had to integrate the parts. The three-dimensional sketch served to make a more
precise drawing of the concept, clarify the idea, and then materialize it. The shape of the luminaire had
to integrate the electronic components and promote buoyancy from an appropriate water volume
displacement. In the development and detail design stage, modeling the luminaires using software
allowed the waterline to be calculated more quickly, due to the ability to perform iterations using the
computer. In addition, having a digital model allowed them to build many parts of their prototypes using
3D printing. The luminaires that were fabricated manually incurred slower iteration processes to find
the waterline. In these cases, it was necessary to make changes directly on the physical prototype and
test them in the water. Additionally, more time was invested in the fabrication of the models. The
manufacturing stage demanded different skills such as modeling, drawing, using measuring instruments
and assembling electronic components. On many occasions, the exercise required knowledge that was
obtained outside the classroom with the support of the technicians and teachers. In the testing and
evaluation phase, the tall structures, and the use of materials such as high-density wood caused some
luminaires to sag or tip over. To improve the performance of some luminaires, it was necessary to use
lighter materials, reduce the height of some structures, redistribute components, and change
manufacturing methods. In addition, it was necessary to eliminate unnecessary parts and assemblies.
Finally, regarding sustainability, the solar panels worked properly, and all the lamps had an autonomy of
approximately two hours. It was important to promote in the students the importance of the use of
renewable energies to integrate them in future projects and to make the students aware of the use of
recycled or recyclable materials, to use the minimum of finishes and to avoid the project being discarded
at the end of the exercise.

REFERENCES

[1] Vélez D., Montoya J. and Vega L. Somos EAFIT inspiracion. PEI, 2023. 175 (25), 13-16.

[2] Dewey J. (1938). Experience and education. New York: Macmillan.

[3] Vitruvio M. Los diez libros de arquitectura, 2021. (Linkgua ediciones).

[4] Willmann R. and Voss J. The art and science of Ernst Haeckel, 2021, (Benedikt Taschen).

[5] Boxwell M. Solar Electricity Handbook — 2022 edition: a simple practical guide to solar energy,
designing and installing solar photovoltaic systems, 2022, (Greenstream publishing).

[6] Tippens P. E. Fisica conceptos y aplicaciones, 2011, (Editorial: MCGRAW HILL, edicion 7).

[7] Hannah G. G. Elements of design, Rowena Reed Kostellow and structure of visual relationship,
2002, (Princenton Arquitectural Press).

[8] Englewood Cliffs, N. J. Experiential Learning as the Science of Learning and Development,
1984. (Prentice Hall).

[9] Franco Pérez N. and Patifio Santa L. Disefiar con Luz y Sentido, 2018, (Editorial EAFIT).

[10] Hallgrimsson, B. Prototyping and modelmaking for product design, 2012, (Laurence King
Publishing; Portfolio Skills edicion).

EPDE2023/1114 60



25TH INTERNATIONAL CONFERENCE ON ENGINEERING AND PRODUCT DESIGN EDUCATION
7-8 SEPTEMBER 2023, ELISAVA UNIVERSITY SCHOOL OF DESIGN AND ENGINEERING, BARCELONA,
SPAIN

WHAT HAVE WE LEARNT: REFLECTIONS PRE AND
POST PANDEMIC ON THE TRANSITION TO
ENGINEERING DESIGN EDUCATION ONLINE

Ross BRISCO and Hilary GRIERSON
Department of Design, Manufacturing and Engineering Management, University of
Strathclyde, United Kingdom

ABSTRACT

The COVID-19 pandemic had a significant impact on engineering design education and its delivery. In
response to the pandemic, many universities changed to online teaching and learning, in order to reduce
the spread of the virus and protect the health and safety of students and staff. The shift to online learning
has presented a number of challenges for engineering design education, particularly in terms of
providing students with the resources and support they need to continue their studies effectively. In July
2020, with a new online semester approaching, the Design Education (DE) Special Interest Group (SIG)
of the Design Society prepared workshops with members of the Engineering and Product Design
Education (E&PDE) conference and DE SIG communities to determine the challenges of moving online
for the engineering design education community, and how to overcome these challenges. The workshop
resulted in 12 challenges, and 5 solutions. A second workshop was conducted in September 2021
following the beginning of the return to on campus working. 19 challenges were identified and 16
solutions. Thematic analysis was used to identify relationships in the outcomes. By comparing the
outcomes of the workshops, the community can better understand the gaps in knowledge of engineering
design educators before and after the first full year of online learning and can learn from the innovative
solutions created to overcome these challenges. This paper will share the engineering design practice
changes reported by the participants of the workshops, and recommendations that will be useful to others
who are similar transition in the future.

Keywords: Teaching online, online learning, digital, hybrid, COVID-19

1 INTRODUCTION

Engineering design education has experienced a recent paradigm shift. Online learning was once a novel
concept where fully online courses were offered by a limited number of universities. A consequence of
the global COVID-19 pandemic was a shift to online learning as the default for most universities during
the period of self-isolation. For many, pre-pandemic on-campus education considered technologies to
support distributed learning as a novel concept, as secondary to in-person education. The engineering
design education community must consider if online learning is equal to in-person learning.

This extends to the demands of industry and students’ skills development. Computer-Supported
Collaborative Design (CSCD) skills are desirable to companies who operate across boundaries of
location, discipline, time zone and other factors [1]. The ability of an employee to operate globally
requires them to understand and utilise technology as the situation demands. In addition, it is becoming
acceptable to collaborate online even when located nearby [2].

There remain challenges to overcome. Many students have struggled with the lack of access to physical
studios and workshops, as well as the difficulty of collaborating with their peers and educators remotely,
and the economic disruption caused by the pandemic has made it harder for some students to afford the
resources and equipment needed to participate in online classes [3]. As educators, we should be aware
of the challenges our students face to better support them. Design educators have been collaborating in
their schools, departments, universities, communities and beyond to adapt to the new circumstances and
find ways to support their students and continue delivering high-quality engineering design education.
This has included a range of innovative approaches, such as using tools and online platforms to support
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engineering design education and collaboration [4] and feedback [5], novel methods of teaching [5] and
designing [6], as well as providing additional resources and support for students who are facing financial
or technological barriers [3].

This paper discusses the outcomes of workshops held with the engineering design education community.
The purpose of these workshops was to better understand the experiences of the community before and
after the first online year of the COVID-19 pandemic. Section 2 will detail the methodology of the study
and the workshop setup. Section 3 and 4 will detail the results of the workshops and discussion of each
workshop before comparing the pre and post COVID workshops. The workshops represent a snapshot
in time and the gaps in knowledge of educators who were moving into an unfamiliar teaching
experience. By understanding and recording this, we as a community can be better prepared to face these
or similar challenges in the future. Recommendations for future research are made.

2 WORKSHOP METHODOLOGY

In this section the methodological considerations for the workshops and study as a whole are shared.
The workshops took place using a video conference with 39 participants attending workshop 1 and 31
participants attending workshop 2. Mural.co was used as an online shared whiteboard allowing all to
participate in sharing ideas recorded on digital sticky notes. This paper goes beyond the workshop by
analysing the pre and post pandemic experiences of educators. The outcomes can only represent the
knowledge of the engineering and design communities who attended the workshop and further research
is required to generalise the results.

2.1 Workshop 1 - Engineering design education: Transition to online

In 2020 the first wave of the pandemic hit, and many countries deemed it necessary to request or demand
that those, who could, work or study from home. Before the first full term online, a workshop was
proposed with members of the Engineering and Product Desigh Education (E&PDE) conference and
Design Education (DE) Special Interest Group (SIG) communities. The workshop was advertised as the
Design Society Chat Room to the Design Society community including those who attended E&PDE
2020 through the online webpage and newsletter shared with this community. The first workshop aimed
to identify two things:

e  What are the challenges of teaching online?

e  How can we overcome these challenges?

The purpose of answering these two questions was to better support the engineering design education
community by sharing our knowledge and experiences.

2.2 Workshop 2 — Transition to Online: What have we learnt?

In 2021 restrictions were beginning to ease and many countries were returning to in person teaching
once again. For some this was a full return, and for others this was a staged return with hybrid teaching
or reduced time on campus. Again, the second workshop was proposed with members of the E&PDE
and DE SIG communities. This workshop was advertised as part of the schedule of the E&PDE 2021
conference where delegates of the conference and member of the Design Society community were
invited to participate. The second workshop asked the same questions as the first, these were:

e  What were the challenges you faced in teaching online?

e  How can we overcome these challenges?

By answering these questions, the community could share their experiences of the transition to online.

3 OUTCOMES OF THE WORKSHOPS

Outcomes of the workshops are presented in Figure 1. Yellow and blue have been used to demonstrate
connections within and between Workshop 1 and Workshop 2. Where no connection exists, this has
been highlighted. The first workshop identified 12 challenges in the transition to online and five
solutions to overcome these challenges. Solutions were not proposed to three of the 12 challenges. The
second workshop identified 19 challenges experienced during the transition to online and 16 solutions
to overcome these challenges of which one solution was proposed that did not relate to a challenge.

3.1 Comparison between workshop 1 and 2 — Gaps in knowledge

The expected challenges and experienced challenges were thematically linked to help to identify: (i)
The challenges expected that were not experienced, and (ii) the experienced challenges that were not
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Figure 1. Outcomes of workshop 1 and workshop 2 mapped with thematic connections
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expected. Comparing the expected challenges from workshop 1 and the experienced challenges from
workshop 2, there were three expected challenges that were not experienced. These are:

¢  Remote video meetings as a poor substitute for the rich interaction that happens naturally in a studio
environment.

Spotting the quiet students that need help.

Foster inclusion of all team members to overcome cultural barriers in distributed teamwork.

In addition, there were five experienced challenges that were not expected. These are:

e  Early prototyping is greatly reduced.

e  Alack of spontaneity because of overthinking.

e  The computer screen feels 2D and there is a lack of 3D thinking.

[}

[}

Group thinking became prevalent.
Content needs rethought for online.

4 DISCUSSIONS

In the discussion section, the reasons for the challenges in the transition to online are discussed. The
purpose of this section is to determine the research required to overcome these challenges that the
engineering and product design education community can tackle in the future.

4.1 What we didn’t know?

During workshop 1, two challenges were identified in which solutions were proposed in workshop 2,
one challenge was identified in workshop 1 and 2 with no solution, and two challenges were identified
in workshop 1 but not workshop 2.

The outcomes of workshop 1 were identified as: remote video meetings are a poor substitute for the rich
interaction that happens naturally in a studio environment, it is difficult to identify quiet students that
need help, and it can be difficult to encourage inclusion of all team members to overcome cultural
barriers in distributed teamwork? Following the second workshop it was identified that remote video
meetings remained a challenge specifically using break out rooms. Also, identifying quiet team members
remained a challenge to evaluate student wellbeing, students feeling alienated, the sense that online can
be less formal, students are reluctant to turn their cameras on and that it can be difficult to measure
student engagement. Solutions were identified including the use of novel technology such as social
media to support a sense of community and peer-to-peer feedback [7].

Fostering inclusion of all team members to overcome cultural barriers in distributed teamwork was
identified as a challenge in workshop 1 which was not mapped to a challenge in workshop 2. This was
suggested for reasons of: it is a perceived challenge but not a challenge that exists in reality, or the
experiences observed by educators did not identify this as a problem through lack of aware ness or
misidentifying the root cause of the problem. An example of this from distributed design literature is
cultural attitudes towards organising and attending meetings. The behaviour of some cultures to
organisation in a distributed group can be interpreted as laissez-faire. However, an educator may
interpret this as the students being unprepared or busy with other classes. Therefore, the solutions they
may suggest may not be appropriate [8]. Because inclusion of team members and overcoming of cultural
barriers was not identified as a challenge in workshop 2 it indicates that further research is required.
Two challenges, enabling design teamwork online and embodied experiences for students, were
identified in workshop 1 but not in workshop 2 which indicates that these expected challenges were not
realised. These may have been identified as challenges in the moment but did not remain a challenge for
a long time. Guidance from universities and the engineering design education community may have
helped to overcome these challenges promptly.

4.2 What we still don’t know?

Following workshop 2, five challenges were identified in workshop 2 that were identified in workshop
1, three challenges were identified in workshop 2 that were not identified in workshop 1 with no
solutions, and two challenges were identified with no solution.

The six challenges identified in workshop 2 that were not identified in workshop 1 represent were
unpredicted. These are: getting a sense of student wellbeing, the “human centred” aspect can get lost as
part of the design process, 1-2-1 discussions with students are heavily time constrained, students are
reluctant to turn cameras on and online behaviour can be less formal. Solutions remain as research
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challenges. Technology can support awareness of student’s progress if we identify suitable technologies
and implement their use. In addition, educators need time to reflect and redesign courses improving the
quality of lessons, as we typically do with in person courses based on student feedback. This could be
solved by continuing hybrid teaching post pandemic. Hybrid will allow educators to continue to develop
lessons online and in person for agility in the delivery method. Beyond the challenges identified, it is
prudent to consider how learning can suit lifestyle and the role hybrid learning plays in this. With greater
acceptance of online learning as a result of exposure during the pandemic, communities of learners have
become more accepting of online learning. To support an excellent student experience, we must consider
the appropriateness of learning experiences.

The three challenges, the computer screen feels 2D and there is a lack of 3D thinking, content needs
rethought for online and ““group thinking” became prevalent in teams, were identified in workshop 2 but
were not identified in workshop 1 with no solution, represent challenges we did not foresee and areas
for further research. There is extensive research into how designers think in the research field including
[9, 10] and this may be extended to analyse the issue of thinking in 2D versus 3D when using digital
tools. On the second challenge, rethinking content, the discussion hybrid is also relevant, and this may
identify further challenges. On the third challenge, “group thinking”, there is research in the wisdom of
crowds [11], how people act in groups versus individually, and also in tools and techniques to support
independent thinking [12]. This may be brought into the classroom where applicable.

Three challenges identified in workshop 2 with no proposed solutions were: early prototyping is greatly
reduced, and a lack of spontaneity because of overthinking. Prototyping can be encouraged more. There
was a solution to encouraging prototyping within workshop 1 by using low-cost materials. However,
without encouragement there can be a different mindset when designing at home. Perhaps the reliance
on the computer to communicate, and to progress the project puts the design student in the mindset that
the project development should be digital. Educators perhaps need to rethink how to encourage a hybrid
approach to design. Considering spontaneity, which was also identified in workshop 1, a solution may
be to plan time spontaneity. ‘Digital’ can bring a logical approach which can lack creativity [13]
depending on the designer and their approach. However, there is a lack of hybrid design methodologies
to bridge the gap between online and offline working. There are some recommendations on how to best
work in a distributed environment, but these are developed to support students, the next generation of
designers. Further research is required to better understand the design processes of engineering designers
in industry, understanding and highlighting that there can be co-located and distributed design activities
throughout the design process.

4.3 How can future educators be prepared?

Next steps have been proposed to ensure educators are agile in their teaching pedagogy, no matter the

global situation, and students are building the right knowledge and skills to be equipped to design

whatever the future may bring. Recommendations are:

e  Further research is required into novel ways of teaching and conducting design online. This may
be the development of new software, new functionality of software or new processes and
procedures to overcome technological challenges.

e  Further solutions are required to better measure student welfare. It may be appropriate to bring
functionality of social media to support this.

e  Better prescriptive guidance from the global design, distributed design research community, and
others, on how to overcome challenges of teaching and learning online; as well as an assessment
of the research in this community to better understand which challenges still exist.

e  Teaching hybrid classes will allow educators to improve the learning experience both online and
in person. If there is a need to switch to fully online again, the quality of the learning experience
can be guaranteed as there has been the opportunity to improve year on year.

e  Finally, there is an opportunity to define the hybrid design process. How can a designer be agile
when online or in-person? How can they easily switch between medium and ensure a robust
product development.

5 CONCLUSIONS

This paper details the methodology and outcomes for a series of workshop to better understand the
knowledge of engineering design educators pre and post pandemic. COVID-19 changed engineering
design education and there is now an opportunity to learn from the collective experiences of the
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community to ensure that educators and students are better prepared for future pandemic-like situations.
The workshops have enabled a better understanding of the gaps in knowledge of educators post
pandemic and an understanding of the challenges still faced in engineering design education.
Recommendations have been shared to further the research field to develop solutions to problems still
faced including the need to better understand novel ways of teaching and conducting design online,
better measures of student welfare and to better hybrid design methodologies that are agile to external
demands. Guidance should be shared from established research communities where appropriate e.g.,
from the global/distributed design communities. Hybrid education brings opportunities to ensure that
both online and in person education remains high quality ready to change to online when required. The
authors are excited to work with the community in addressing these challenges.
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ABSTRACT

Industrial designers use several kinds of representations to support reflection-in-action while developing
design proposals. The affordances provided by digital tools impact the flow of shifting between different
representations, thus influencing the ability for reflection and discussion. This fact challenges tutors who
need to plan industrial design courses in digital learning environments.

This paper addresses planning a product design morphology course delivered in a digital learning
environment in the context of problem-based learning. The study reflects upon the externalisation of
knowledge and how it impacts the matching between educational goals, learning activities and the
affordances of digital tools. Particularly the relationship between designing active learning experiences
with conscious considerations of specific affordances provided by digital tools that students directly
interact with. A reflection following the course delivery revisits the planning process and proposes a
two-phase framework to consider overall and detailed pedagogical reasoning. The framework allows
different levels of reflection towards designing learning activities by considering the use of the
affordances of digital tools both in online learning environments and professional practice.

Keywords: Affordances, online teaching, pedagogical reasoning, industrial design, external
representations, reflective practice

1 INTRODUCTION

The problem-based model is centred on the individual learner. The study activities contribute to
empowering the learner in applying knowledge to solve real-world problems by using the ability to
critically reflect on the problem, use appropriate resources, work in teams, and communicate effectively
with others [1]. Such a definition finds commonalities with Schén’s [2] postulation on the reflective
practitioner, which is a cornerstone in industrial design reasoning. According to Schén, the process of
designing, in which designers transform an ill-defined problem into a solution, is based on an ongoing
reflection in action. The practitioner engages in both self-reflection on internal tacit knowledge, and
externalisations of knowledge such as drawings, annotations, and verbal communication, and recalls
previous experiences with similar or analogue situations to infer decisions on the project under
development.

In online learning environments, access to different kinds of representation hinders design discussions.
The flow of design discussions, where one makes use of different kinds of representations to
communicate an idea or discuss a particular aspect, does not reach its full potential because of the
affordances provided by digital tools and limitations of the medium. This fact poses challenges when
designing online learning experiences, in particular in matching the educational goal, the goal of the
task and the available affordances of digital tools [3]. Recent research [4] proposes that the educational
goals and the decision-making process responsible for transforming the goals into pedagogical strategies
for learning must be reconsidered before and during teaching in digital learning environments. In
reconsidering the pedagogical strategies, educators must “have a systemic understanding of teaching
content, teaching and learning processes, student needs, and dynamic characteristics of online
environments to make appropriate instructional design decisions (i.e., transformations) for their
pedagogy and teaching practices.” To fulfil the systemic understanding of the educational goals
Stephaniak et al. [4] propose a framework encompassing the planning of courses with the support of a)
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external representations and b) the use of reflection-in-action to establish a solid foundation, followed
by ¢) conjecturing strategies for the delivery. The authors conclude that the three-step framework
enables better dynamic decision-making practices about technological challenges.

The case study presented in this paper details aspects that are proposed in Stephaniak’s study, but not
specified. In particular, how affordances in digital learning environments are generally characterised as
different from traditional learning [4, pp.2235-36]. | hypothesise that digital affordances can be further
investigated if we break them down into steps that help students achieve certain educational sub-goals
through specific tasks. In the present study, | present a case study that exemplifies the process of learning
design in setting educational goals and learning activities and matching those to affordances provided
by the online collaborative tool Miro.

In industrial design processes, externalisations of knowledge involve multiple outcomes that range from
iconic representations, such as photos, sketches, 3D models or physical models to symbolic
representations ones such as schemas, diagrams or textual annotations [5]. These externalisations are
key to the process of idea development because they enable designers to elaborate on their ideas — from
clarifying problems to maturing and testing potential solutions — and receive feedback from peers and
tutors, that constitutes an important pedagogical strategy in engaging students in what Schon refers to
as a “reflective conversation with the situation”. Kolko [6] highlights that “once externalized, the ideas
become “real”-they become something that can be discussed, defined, embraced, or rejected by a
number of people (...)”. The underlying notion is that easy access to documentation and an overview of
the different kinds of representation may facilitate the reflection-in-action regarding implicit and explicit
relationships that ultimately lead to better decision-making. Kolko states the importance of mapping
these externalisations in a physical space to facilitate sensemaking. Even though such premise cannot
be directly undertaken in digital learning environments, it can be emulated through affordances of digital
tools.

This paper presents a case study on the development of a course in product design morphology that
focuses on the relationship between technology and form. More specifically, in the process of
transforming the educational goals into pedagogical strategies for online delivery. Product design
morphology requires students to develop form-related aspects of a specific object and link those aspects
to others such as materiality, manufacturing, meaning, and user interaction. Students must engage with
an experimentation process encompassing the generation of multiple representations — that constitutes
an important part of the learning experience — as means to externalise knowledge that can be reflected
upon to evaluate overall aspects such as composition, proportions, configuration or meaning; and
specific ones, such as the arrangement of components, joining and functionality of sub-assemblies or
material choices.

By unravelling the process of matching educational goals and learning activities with specific
affordances, this study aims to contribute to pedagogical reasoning in digital learning environments,
particularly in the field of industrial design and problem-based learning.

2 COURSE STRUCTURE

2.1 The domains of technology and form

The pedagogical practice here described was addressed in the context of the course “Technology and
Form”, 5 ECTS, in the MSc in Industrial Design at Aalborg University. The learning objectives were
already established and were not changed. Overall, the knowledge, skills and competencies that students
must accomplish by the end of the course focus on a) the development of advanced skills in the
combination of technology in products or for producing products and b) visual understanding of form
and composition in a product design for a given context. These educational goals are transformed into
teachable subjects through a framework under which relationships between technology and form occur
and directly impact industrial design practice.

The framework encompasses three domains: design, production, and paradigm. Design has outputs
directly connected to production and both are set under a technological paradigm. The interplay across
these three domains depends on multiple factors, however, in the context of the course, we focus on how
the industrial designer can interpret technology development under at least one domain and explore it to
create a product and associated design language that embodies a certain position towards the selected
domain.
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Regarding design, the development of computational technologies [7] is presented as enabling new
possibilities for form generation and form evaluation. Production technologies are correlated with their
impact on the design language of products in terms of technology pull or push [10]. The overall domain
under which design and production occur is the technological paradigm [11]. In the context of the course,
students are prompted into reflecting upon emerging paradigms of techno-social systems of production
and consumption (e.g., distributed manufacturing, mass customisation, circular economy).

2.2 The assignment

Each student must design a multipurpose chair and conceptualise an offspring (which can be another
type of seat, like a chaise lounge, armchair, bench, etc.) in the same design language. The chair should
represent the student’s interpretation of a potential future role of technology in the selected domain of
design practice (design, production or paradigm).

The assignment development must accommodate two constraints. The first is the selection and reflection
upon (at least) one domain to create the design brief for the chair development. The second is the use of
a visual chair ontology [8, 9] in the design process for representing chair parts and its relationships.
The academic evaluation includes the submission of two posters and a paper reflecting on the process,
and approach to technology under the selected domain.

Evbuomwan and co-authors [12] characterise three main models of design activity: prescriptive,
descriptive, and computational. Prescriptive models analyse the overall design process and propose
systematic steps to achieve the goals. Descriptive models characterise the designer’s activities during
the realisation of the design process. Computational models are concerned with the use of computational
techniques to perform different activities throughout the design process.

In “Technology and Form” students develop their work based on a prescriptive model influenced by a
computational model. The reflection document enables students to have an overview of the process, thus
fulfilling the goal of descriptive models. The pedagogical goal is that students have direct experience
with different models of design activity during the development of the practical part of the assignment,
and the reflective document enables a post-experience analysis that consolidates the new experience and
learning [13].

3 LEARNING DESIGN, EXTERNAL REPRESENTATIONS AND
AFFORDANCES

Table 1. Main affordances of digital tools in lectures and studios

. - Learning activit
Main affordances of digital tools Locture g yStudio
Write ° °
Upload images ° .
Manipulate objects ° .
Collaboration with peers ° °
Zoom / Pan .
Sketch °
Establish visual relationships °
Shift across other applications °

The learning design considers a dynamic unfolding of the overall educational goals and learning
activities in sessions that includes lectures and studios. Lectures aim at introducing themes, terms and
learning resources that can be further explored in the context of self-learning and encompass active
learning methods that are student driven in order to allow them to relate the presented themes with their
own practice (i.e., group discussions). Studios serve the purpose of enabling discussions about the work
in progress and require students to prepare material beforehand. Studios allow for feedback from peers
and tutor to prompt further reflection.

Overall, there are more lectures in the first half of the course and a progression towards studios and more
student-driven activities as the course progresses. Each session of the course is structured by matching
specific educational goals onto specific learning activities. Furthermore, the required affordances of

EPDE2023/1117 69



digital tools were correlated with the type of learning activity, and who drives the activity (tutor or
student). Table 1 summarises the main affordances of Miro to be used by students.

Writing, uploading images, moving text on the board, support the discussion activities in breakout rooms
prompted by lectures. These affordances would be further used in studios, in addition to establishing
visual relationships between areas of an image and a note, zooming into areas of an image, panning
across different representations, colouring diagram nodes, sketching, and shifting between software
applications to clarify specific techniques or procedures.

When considering the overall delivery of the course and the required affordances of digital tools, the
affordances used in lectures enable a learning curve for students who have never used the tool, to have
practical know-how of using such affordances, that will be used together with other affordances in studio
activities (Table 1). This reasoning allowed for clarification of the strategies for delivering the course
and the external representations to support it. In tutor-led activities, external representations encompass
the design of templates on Miro for group discussions, for pinup sessions (Figure 1) and for the using
the visual chair ontology, in addition to specific instructions on lecture slides.

2. GROUP DISCUSSION - Chair Syntactics (30 min) 2. GROUP DISCUSSION - Chair Syntactics {30 min)

VIRIJALPIN JP i i)
Up aad & ;phota of veur pin up e Mire

Figure 1. Example of slides explaining how to use Miro templates in a studio session.

Figure 1 shows external representations created by the tutor to be used in class. On the left slide the
templates on Miro are shown organised into student groups and one is magnified for additional
clarification of the task. The right slide details the task instructions, also shown on Miro.

The design of templates fulfils the goal of decreasing the need for changing fonts and sizes and
organising elements, thereby providing a common structure that becomes recurring for each time the
learning activity is pursued. The overall educational goal is that group discussions become a repository
of information that can be revisited by students during the design process to facilitate reflection-in-
action. Group discussion allows students to summarise to others what they have learnt, analysed,
compare strategies, and relate to their previous experience, thus tackling the relational level of
understanding [14] that can be then applied in problem-solving.

4 DISCUSSIONS

The case presented in this paper is positioned on problem-based learning theory [1], in considering the
role of the tutor as a learning facilitator, of students as being responsible for self-directed learning, and
in problem formulations that have ill-structured elements that act as drivers for student inquiry — in this
case, the reflection about technology in a selected domain. The case focuses on a product morphology
course addressing the relationship between technology and form, delivered online. The planning of
activities encompassed external representations, reflection-in-action, and the conjecturing of strategies
for the delivery based on affordances as defined by Stephaniak et al. [4]. Based on the experience of
planning and delivering the course (one time online and two times hybrid), | consider that the planning
phase of learning activities occurs under two phases summarised in Figure 2.

The first phase involves the overall interpretation of the educational goals into a rationale that is
actionable from which conjectures can be formulated regarding how the educational goals will be
translated into the overall course structure which includes the assignment, deliverables and sessions.
External representations in this phase mainly consist of secondary data, annotations of potential ideas
and matching those to educational goals and course structure. Reflection-in-action supports the
refinement of the matching.

The second phase requires unfolding the previously established educational goals into sub-goals, and
the course structure into: assignment phases and deliverables; sessions and types of learning activity;

EPDE2023/1117 70



the role of tutor and students in the learning activities; and a characterisation of the required affordances
that students directly interact with. In this phase two types of external representations are produced: one
that supports reflection-in-action for the tutor, and another that is designed for direct interaction with
the student (e.g., Figure 1). The first type of external representations becomes crucial as multiple
parameters must be assessed, and the role of the tutor and of the student must be situated in regard to
guidance, feedback, critical thinking, problem-solving, etc. During this phase, these external
representations and reflection-in-action enable different strategies to be defined and critically assessed,
and potential problems to be addressed. This has a direct impact on the timeframe for the learning
activity, and the need for strategies to reduce cognitive loads of students based on estimating the
affordances of digital tools that will be subjected to direct interaction. This critical assessment leads to
the development of the second type of external representations such as the design of templates, the use
of similar elements throughout the collaborative online platform, and of instructions on the slides.

PHASE 1: OVERALL LEVEL PHASE 2: DETAILED LEVEL

o REFLECTION-IN-ACTION o REFLECTION-IN-ACTION

: ; B ; 5 EDUCATIONAL COURSE

GOALS STRUCTURE
EDUCATIONAL COURSE :
GOALS STRUCTURE ; - session
« sub-goals « assignment . L
* sessions +sub-goal learning tutor
: activity .
f student —#— dlg\talafflordances

2

EXTERNAL REPRESENTATIONS

e EXTERNAL REPRESENTATIONS

--------- » implicit link
——»  explicit link
—&— interaction link

Figure 2. Phases of planning activities for digital or/and hybrid learning environments by
correlating educational goals, course structure and affordances of digital tools.

This process of planning learning activities made me shift the focus to students as individual independent
learners and find a different approach from upfront material that must be learnt and applied, to designing
a set of activities that incrementally scaffold each other. These activities vary in their nature: some were
presented in lectures, others in references for further reading, and others in peer-group discussions and
practical tutorials. In writing the instructions for activities, | tried to be as clear as possible to minimise
interpretation: by clarifying the level of difficulty of the task, by clarifying the output and how the output
related to the assignment and industrial design practice. Together, these steps made me revisit the goals
of the course several times, thus assessing the overall robustness of the course. To summarise, the goal
is to create activities that students can use in self-directed and self-regulated ways in their learning; to
find ways of being more explicit, how to trigger certain activities, or recap key points of complex
activities; and to clearly define the minimum level of proficiency students must achieve to fulfil the
educational goals.

The pedagogical challenge of addressing student engagement with online tools to externalise ideas in
product development enabled me to break down the complexity of the design process for students into
a set of phases, stages and series of steps to create a design proposal. This assessment was made together
with the alignment between educational goals and assignment tasks. Designing activities that would
activate knowledge transmission to students made me rethink my approach to teaching and engage in a
deeper level of reflection about mechanisms to trigger self-regulated learning.

Based on this experience, | consider that the current digitalisation in higher education must address
affordances with a higher level of detail, estimating how they can be used in digital or/and hybrid
learning environments according to specific practices of the disciplines involved, in this case, industrial
design. By focusing the discussion on affordances and not specific tools, we can estimate how these
affordances contribute to the larger scope of the professional activity. As an example, in this course, the
overview of the product provided by the use of the visual chair ontology during the design process, finds

EPDE2023/1117 71



similar principles of application in computer-aided design when setting up a parametric design model,
or in rendering software when defining settings through nodes.

5 CONCLUSIONS

This paper presents a practical application of a conceptual framework that outlines the steps for assessing
affordances in digital learning environments [4]. Building upon the practical application in the case
study, | propose that the operational planning of activities should encompass two phases (Figure 2): one
for overall alignment and one for detailing. During the detailing phase, the alignment of sub-goals with
learning activities must consider the specific affordances offered by digital environments. Externalising
the thought process through representations is key to supporting reflection-in-action. As a result, critical
assessment guides decision-making for designing specific learning activities. This includes the
development of strategies to minimise cognitive load for the identified affordances, such as creating
templates or using analogies from other tools commonly used in professional practice for illustrative
purposes. In the end, these strategies contribute to situating the affordances in a larger context of
practice.

The planning of learning activities should include discussion with peers. The need to explain out loud
the pairing between an educational goal, a learning activity and specific affordances leads to engaging
in reflection about it. The feedback pushes reflection toward deeper levels of learning mechanisms, that
support refinement prior to delivery. Moreover, it allows for discussing methods based on previous
experiences from tutors, and thereby conceptualising new learning experiences.

Future work under the application of the proposed framework could assess the relationship between
affordances, learning activities and motivation levels of students, in particular, if there is a change in the
motivation level from the beginning to the end of the course.
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ABSTRACT

Digital technology is widely used in engineering design teaching, enabling students to create parametric
models of their solutions and data files for computer-aided manufacture (CAM). However, the digital
industry is predicted to grow significantly throughout the decade and, in particular, digital twin
applications. This paper compares the digital environment in engineering design teaching at two
universities in terms of how their design teaching uses digital methods. The design projects and units in
which digital technology is taught are identified and compared to give a broader understanding of the
benefits and challenges to the teaching delivery. The different levels of technology in the digital
environment are mapped against the academic years to understand the teaching strategy for large cohorts
of students.

At both universities, design teaching uses drawing practice to build the fundamentals of CAD modelling
and give students the opportunity to manufacture their own designs by using digital technology to
produce CAM data files. Both universities deal with large cohorts and have adopted different strategies
for dealing with the inherit challenges this brings. The delivery of digital simulation is shown to be
similar, but contrasts at the digital twin level, where significant resource is committed.

Keywords: Digital technology, engineering design, undergraduate

1 INTRODUCTION

Digital technology is an essential part of design teaching as it enables students to create parametric
models of their designs and data files for computer-aided manufacture. The adoption of such technology
in engineering is expanding from the increased availability of 3D printers in workshops and at the
personal level. On the global level, the digital industry is predicted to grow considerably, supported
perhaps by confidence from the use of technologies throughout Covid-19 pandemic. An advanced
approach within the industry is a digital twin. A digital twin is a virtual copy of a physical object
connected by data transfer between the two. An important use of a digital twin is that it can provide
information on how the real-world changes over time, but to be a digital twin the model must be
associated with an actual physical object [1]. From 2022 to 2029, the global digital twin market is
predicted to grow from nearly 9 billion to 96 billion USD [2].

The focus here is on the design teaching in undergraduate mechanical engineering courses at two
universities, the University of the West of England (UWE) and the University of Bath. It is on the extent
to which they include digital technologies when teaching engineering design. Equipping students with
digital technology skills is valuable for industry and the placement year, but as cohorts are now over
three hundred, careful planning and resource are required to ensure the teaching delivery is effective.
To assist in appraising how the different types of digital technology are learned, they are considered
within a digital environment comprising digital technology, digital simulation and digital twin. Digital
technology is essentially a standalone programme which gives some form of output, such as, a CAD
model of a design. Digital simulation explains how that design responds to set inputs, and a digital twin
is as above.
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2 DESIGN TEACHING
This section describes the design teaching at the University of Bath and UWE.

2.1 University of Bath

In the Department of Mechanical Engineering at Bath, the course structure comprises a four-year MEng,
in which there are five programmes (mechanical, aerospace, automotive, design and manufacturing).
All programmes are taught together in the first two years, followed by compulsory and chosen options
in years three and four, respectively, that adapt the curriculum to suit the programme. Students may
choose an industrial placement year after the second year.

This section describes only the design teaching common to all undergraduates which occurs in the first
two years. The five programmes are taught together as one cohort, which gives the benefit of all students
receiving the same delivery but presents resource challenges for a class size how of over three hundred.

Table 1. Structure of design units at Bath

S1 S2
Design 1 Design 2
Y1 2D/ 3D CAD (1) CAD (1), CAD(G)
BoM
Design 3 Design 4

Y2 | CAM data files, CAD(G)
numerical model

GBDP

Y3 CAD(G) FEA(G)
CFD(G)

In the first semester of year 1, drawing practice is taught through both hand drawing and CAD. Here the
learning and assessment is on an individual basis, denoted by (1) in table 1. Students take their first step
into design in the following semester in a constrained exercise and an open exercise. In the open
exercise, students work in small groups and use parametric software to now share and co-develop parts
and assemblies, denoted by CAD(G). In this group activity, design runs from concept to making and
assembling a prototype. This exercise is set up as a “novelty” design to enable groups to create a range
of concepts [3]. To facilitate the make, students use digital technologies to create CAM data files for
computer-aided manufacture of their bespoke 2D and 3D CAD parts. In the second year, students
simulate how stress is distributed across a structural part in a sub-assembly. The simulation is created
by stress calculations and is a virtual digital technology. Further experience of CAD(G) is acquired in
the Design 4 unit, but this time it is in a design of a production machine and factory layout. In the second
semester of Year 3, all students study full-time on a group design and business project (GBDP). There
are a range of projects from university-based competition projects, such as, Formula Student, to
industrially sponsored projects. This full-time, semester-long unit enables the groups to create solutions
with parametric CAD models and perform analysis and simulation, where appropriate, using FEA and
or CFD.

2.2 UWE

This section considers Years 1 and 2 at UWE in the School of Engineering. For mechanical, automotive,
and manufacturing students, design is both a vertical and horizontal thread across the first two years of
their BEng degrees.

From a vertical perspective:

Within a year-long, first-year Engineering Practice module, students are introduced to three design
methodologies of Double Diamond [4], Stanford Design Thinking [5] and IDEO: Human Centred
Design [6]. It is demonstrated via case studies how these can be used to produce solutions for the project
week activities later in their studies. In the final weeks of the module, students are also taught how to
draft and generate 3D models and assemblies within a computer-aided design (CAD) package. Students
are assessed using the SolidWorks CWSA certification process for CAD understanding, their application
of the design process is undertaken during the project weeks.
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When students transition into year two. In their second-year design module, students are required to
follow an engineering design process for the development of a machine system. They are introduced to
Pugh’s, Total design [7], Systematic design [3], and BS7000 processes [8, 9]. The second-year project
has an electro-mechanical flavour as the students are required to design mechanical components, such
as, power screws, gears, shafts, and cams. They size and select appropriate actuators, required sensing
technologies and control systems, generally PLC or microcontroller (system dependant), programmed
as required. Students also size and select standard components, bearings, fasteners, couplers etc. The
project is also constrained by environmental and sustainability limitations, health and safety, cost, and
risk assessment issues. Students are expected to use Matlab [10] to perform any calculations or to create
parametric model development. Although there are some electromechanical experiments in the module,
the output of this project is a virtual concept. Students are assessed on their design report, Matlab scripts,
assembly and manufacturing drawings, and via a presentation to the “client”.

Students on the mechanical with manufacturing pathway take an additional unit where they explore the
concepts of design for manufacture and assembly. Students are taught a range of DfX approaches, for
additive manufacture, rapid changeover for automation, as well as Boothroyd and Dewhurst main
methodology [11]. The students employ these methods on an industrial system, or on the Festo and
Siemens cyber-physical smart factory [12] on campus aiming for improved manufacturability. The DfX
activities are assessed via a technical design report and viva. Independently of these modules, students
are taught how to use finite element modelling to analyse and develop structural design and
computational fluid dynamics via Ansys workbench [13]. The ability to use FEA as a design tool is
assessed via a plate with stringers type problem.

From a horizontal perspective:

The School of Engineering runs two project weeks per academic year, where the mechanical and
automotive students are joined by civil, aerospace, robotics, and electronics students to work on an
integrated design problem. To date these project weeks have utilised the problems set by Engineers
Without Borders [14]. The project weeks are attached to the Engineering Practice units in each year.
During these week students are exploring issues of transportation, sanitation, water security and other
infrastructure problems found in areas like Northern Australia, India, South Africa, and Scotland. The
integrated teams are expected to systematically employ the IDEO: Human Centred Design process [6]
while producing their solutions. The outputs at the various stages of this design process form the
assessments for the respective module within which they sit. Reporting takes the form of posters and a
presentation.

3 DIGITAL ENVIRONMENT

3.1 Digital levels

The need to reflect on digital technologies in teaching is prompted by both the projected growth of
digital twins (Fortune Business Insights) and the increase in research activity noted in this area [17]. To
help interpret the form of digital environment used in teaching, three categories are used, digital
technology, digital simulation and digital twin. An example of a digital technology is the use of software
to create a digital file (of how the design is), such as, dwg, dxf, stl, etc. Simulation is a digital file which
accepts inputs to show how a part or assembly would react. Different definitions exist for a digital twin.
Here, a digital twin is any virtual file that receives data from the physical part or assembly. It must be
said that this is a simple interpretation of a digital twin and ignores higher levels of digital-physical
feedback and control that are possible [15].
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Table 2. Levels of digital teaching

Design project or unit
Engineering DfMA (BEng in UWE
Digital twin | Experimentation Manufacturing only)
unit
Bath
Systems design unit Computation UWE
Digital methods unit
simulation Sub- Bath
assembly
design
Digital D&M(1) Engineering drawing(G) UWE
technology Engineering Constrained D&M Product Machine design Bath
drawings (1) design (1) (G) design (G)
Y(0) s1 s2 s3 s4

3.2 Discussion

Table 2 shows that the design teaching at Bath uses mostly individual digital technologies. A driver for
this structure is the layering up of skills as students’ progress through the four units and cover the
mechanical engineering design curriculum. The teaching focuses on design fundamentals across a range
of projects enabling students on all programme’s multiple experiences of the design process in a
systematic way. The projects give students hands-on experience of using digital technologies in CAD
and CADCAM, which also proves to be valuable on the placement year. However, with large class sizes,
the open group assignment needs to be planned with technical staff to ensure the manufacture and
assembly requirement does not exceed workshop capacity. The scale of the prototype needs to consider
the number of parts students are likely to have in the assembly, to budget for the cost of bought-out
parts, and to plan for in-university manufactured parts. The technical staff must also prepare orders for
bought-out parts and materials acquisition from each group’s bill of materials. The additional
responsibility for the group’s BoM and budget gives students a closer experience to mechanical
engineering design practice in industry [16].

A numerical model is introduced in the first semester of Year 2 to form a simulation of how a part within
a machine behaves when subject to compound loads. Further digital simulation, such as, FEA is taught
in units other than design. However, the teaching does not extend to digital twins. As noted earlier,
digital twin technology is in its infancy, so it is unsurprising it is not seen it in a traditional mechanical
engineering degree. That is not to say that awareness of digital twins is not gained in the later optional
units. If digital twins are to be taught as part of design teaching, then additional resource would be
required to couple the digital simulation with the physical system.

At UWE, engineering drawing (2D and 3D) is learned in a group activity where students each draw a
3D part of an assembly which are then brought together to create a model of the assembly and animation
for summative assessment. The 2D engineering drawings are completed throughout but as a non-
assessed ongoing activity in which the benefit is in gaining drawing experience. The S1 D&M is
individual here, digital technologies are employed to generate stl files for generating a 3D part. In S3,
systems design is delivered in which students design a mechanical drive assembly, typically an actuator,
gearbox and electric motor. In S4, students are taught digital simulation through computational methods
units, by creating FEA and CFD models. In S1 and S2, the number of BEng students is in excess of 300
and they study the Engineering Practice (D&M and engineering drawings) in groups (e.g., tutorial class
size 25/50) which ties up teaching resource even more. The D&M exercise is limited to students varying
the geometry of one part. This also limits the resource needed to support the activity but does enable
students experience of 3D printing parts to their variant design.

At UWE, the BEng degree programmes have a foundation year. In Year 0, is an Engineering
Experimentation unit in which students use digital twin technology to gain an awareness of how to
control a mobile case assembly production line. The production set-up consists of two assembly lines
which are connected by a moving automatic vehicle, see figure 1. It has Siemens software for control
(e.g., NX software) and Festo hardware (e.g., pneumatics) and cost in the region of £320K in 2021. This
purchase is part of a Siemens Connected Curriculum which give access to their digital software. In this
Cyberlab the virtual model is already generated and data-linked to the production line. The students
appreciate how the digital twin reacts to the outputs from the physical space output, such as, the
production line product flow.
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Figure 1. Siemens production line with (a) digital twin technology and (b) physical object

The Siemens Cyberlab is also used for Year 2 teaching, but only for students on the BEng in
Manufacturing course. In the DFMA project, students create a manufacturing plan for the production
line layout of the digital twin Cyberlab.

4 CONCLUSIONS

The digital environment, in which design teaching is delivered at UWE and Bath, is described in three
levels: digital technology, digital simulation and digital twin. Both universities run multiple programmes
that are combined to study the design units in a cohort size of over three hundred. To enable large
cohorts to use digital technology in their design exercises, planning and technical support is required. In
the case of the Design and Make exercise, UWE controls the support required by planning this exercise
as a variant design. Here, each student uses digital technology to create a 3D model of a single part only,
such as a jar clamp, and then generate an stl file from which the part is 3D printed. In contrast, Bath
plans Design and Make as an open group exercise of a mechanical assembly, which needs considerable
support from technical staff to procure and manufacture a high number of parts. Similar to UWE’s
students, Bath students use digital technology to create a 3D model of the assembly and where needed
CAM files for 3D printing and laser cutting.

Digital simulation is taught by both universities to upskill students in the creation of FEA and CFD
models. At Bath, digital simulation is not taught within the four design units, but by other units.
However, in Bath’s Design 3 unit, students write their own numerical model to simulate how a part
reacts under loading. The idea of the Digital twin, shown in table 2, is introduced by UWE to all
foundation year students as part of the Engineering Experimentation unit, in which students gain an
awareness of an existing virtual-physical Siemens-Festo system.

The digital environment is predicted to grow significantly in the next decade. Presently, students are
taught how to use digital technology to create CAD and CAM files of their designs making them
effective in their placement roles. If industry continues to increase its use of digital twins, education
may need to include it in the curriculum and deliver it by either creating its own digital twins or, in the
case of UWE, decide to invest in an appropriate industrial package.
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ABSTRACT

This paper details the design process and analysis undertaken within the Royal National Lifeboat
Institution (RNLI) to positively disrupt the supply chain using advanced manufacturing technologies,
and then how this information has been utilised and adapted for teaching to product design and
engineering students at Bournemouth University (BU) to consider in their future design work. Analysing
engineering components alongside their supply chain data led to creating case studies which detail the
benefits Additive Manufacturing (AM) could offer the RNLI. The aim of this research was to identify
specific areas where additive manufacturing could be implemented into the engineering industry to have
positive outcomes, such as cost and lead time savings, and then disseminate this real world
manufacturing knowledge to design and engineering students. It was found that through redesigning
two lifeboat components that reduced lead times, reduced cost, and reduced component weights could
be achieved. These real world findings then led to informative case studies being developed to aid in the
teaching of designing for additive manufacturing for product design students at Bournemouth
University.

Keywords: Supply chain, additive manufacturing, advanced manufacturing, 3D printing, design,
higher education

1 INTRODUCTION

The goal of traditional supply chain spare parts management is to maintain a minimum level of spare
parts inventory whilst still being able to fulfil demand and maintain customer satisfaction. Optimising
product flow and stock levels generally require transporting spare parts to the point of use from a
centralised storage location [1]. While moving from a decentralised to a centralised network can lower
costs and improve service performance it will have a negative impact on the environment due to the
increase in transportation needs [2]. It has been recognised that Additive Manufacturing (AM)
technologies have the potential to positively disrupt the supply chain by reducing the requirement to
hold and transport stock, produce cost and lead time savings, while also guarding against supply chain
disruption.

The Royal National Lifeboat Institution (RNLI) is a UK charity that saves lives at sea. Its headquarters
is based in Poole, Dorset, UK and the institution has 238 lifeboat stations around the UK which currently
require the delivery of stock on a regular basis. It opened its All-weather Lifeboat Centre (ALC) in
2015 where it now manufactures and maintains its fleet of 431 lifeboats. It was found that the current
inventory level held by the RNLI at its headquarters has a value in excess of £20million, an average age
of 13.85 years and a demand ratio of 1.84 [1]. This means that the RNLI holds nearly double the amount
of stock, which is demanded each year, and on average a component ends up costing the RNLI 346% of
the initial part cost once used. It was established that the RNLI holds excessive amounts of inventory
because of a ‘just in case’ reasoning, which leads to expensive storage, transport and disposal costs,
should any components become obsolete. Therefore, AM was investigated as a manufacturing technique
for the RNLI in order to reduce the requirement to hold, move and dispose of the current costly and
excessive inventory. The RNLI stated in their 2018 Annual Report and Accounts that this type of
manufacturing would have a positive impact on their sustainability, in both financial and environmental
terms [3]. The RNLI has committed to eliminating or reducing their negative impacts on the environment
and to becoming a low-carbon, zero-waste-to-landfill and climate-resilient organisation in the future [4].
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A project, providing academics and students with the opportunity to collaborate with the RNLI, was
funded by Bournemouth University’s (BU) allocation of Higher Education Innovation Funding (HEIF).
HEIF is provided to support knowledge exchange between higher education providers and the wider
world that benefits society and the economy. Key objectives of this project were to work with the RNLI
to investigate the potential impact of introducing AM on their business while providing opportunities to
enhance student learning. This article presents results of the findings of the project undertaken with the
RNLI and then details how this information has been utilised and adapted for teaching to product design
and engineering students.

2 RESEARCH METHOD

2.1 Literature Review

Literature surrounding the subject of additive manufacturing, and how it could positively disrupt supply
chains across different business sectors analyses strategic investments in AM for the maritime industry,
how it could be used and adopted, and is developing a mind-set for which organisations should follow
to adopt to the technology [5], [6]. However, the literature also suggests that in order for the maritime
industry to move forward with AM and the benefits it has to offer, real maritime case studies and
experiences need to be generated [5], [6]. Current literature informed the research project as it enabled
insight into how the maritime industry are adopting these technologies in different ways, further benefits
that it has to offer the industry, and how this could potentially be applied to the RNLI.

2.2 Primary Research and Analysis

Supply chain data from cradle to grave was collected via meetings with key stakeholders within the
organisation. The key stakeholders included the Procurement Manager, Warehouse Manager,
Innovation Manager, Engineers, and Senior Engineers. A key starting point of the project involved
working with a Senior Category Manager within the supply chain to understand where the research
should focus to achieve strong outcomes. The RNLI categorises stock dependent on the speed that it
moves through stores. From category ‘A’ being fast moving stock, through to category ‘C’ being slow
moving stock. Through investigations with key stakeholders of the project it was decided that category
‘C’ components, and items with long lead times, could most benefit from the implementation of AM.
These parameters were selected as these parts cause problems for the RNLI supply chain in terms of
inventory management and unnecessary costs (high storage costs). Analysis was conducted on
component data regarding lead times, costs, materials, and AM suitability. This led to several
components being selected as suitable for this research study to show the benefits AM could offer the
RNLI.

Two variations of AM were explored in the research. Both were different types of composite 3D printing
as this would allow the RNLI to produce end use components fit for purpose when out at sea. Although
both offer composite 3D printing, they do so in different ways. These are chopped strand composite
printing, and continuous strand composite printing. Stratasys (Minnesota, US) offer a material called
Nylon12CF, which is capable of being printed on their Fortus production systems. Nylon12CF is a Fused
Deposition Modelling (FDM), carbon fibre (chopped strand) reinforced thermoplastic. The material
properties of Nylon12CF include high strength-to-weight ratio as well as high tensile strength [7].
Markforged (Massachusetts, US) offer 3D printing in a combination of Onyx and continuous strands of
reinforcing fibres. Onyx is Markforged nylon thermoplastic which is infused with chopped carbon fibre.
The continuous reinforcing fibres then include; carbon fibre, fibreglass, high strength- high-temperature
fibreglass and Kevlar. Markforged claim that Onyx material reinforced with carbon fibre is strong
enough to replace aluminium at half the weight and can be used when superior stiffness and minimal
deflection is required [8].

3 RESULTS AND DISCUSSION

The analysis of components, from a supply chain perspective, gave a number of components that would
be suitable to perform in-depth research upon to demonstrate the advantages AM could offer the RNLI’s
supply chain. With supply chain (reduced lead time, reduced cost) and engineering benefits (weight
reduction, corrosion resistance) in mind the list of suitable components was narrowed down to two.
These specific components were chosen as they both sat in category C stock, meaning they were slow
to move through the warehouse, but because of their long lead times the RNLI always had to keep
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several of them in stock ‘just in case’ they were urgently needed. These two specific components are
the ‘Mast Latch Handle’ and the ‘Sea Water Inlet Strainer’.

3.1 Mast Latch Handle

The mast latch handle is a part used on a Shannon lifeboat to lock the mast into position. The part is
currently made from aluminium and is manufactured via a traditional subtractive technique (CNC mill)
from stock material. The mass of this part is 0.182kg, its lead time is 28 days, and its cost is £221.91.
Both variations of composite AM from Stratasys and Markforged were investigated in this case study.
Machine information, printing parameters, and final component information can be found in Table 1:

Table 1. AM Mast Latch Handle Information

Stratasys Component Markforged Component
Part Fill 100% Solid Nylon12CF Triangular Fill 37% - 13cm? Carbon
Fibre Reinforcement

Print Time (hours) 1.48 7.20
Component Cost (£) 21.49 36.65
Component Mass (Kg) 0.073 0.048

Parts per build plate 7 max 2 max (Mark Two)/ 4 max (X7)

Machine Cost (£) 58,000 11,995 (Mark Two)/ 52,672 (X7)

This data shows the benefits the additively manufactured composite components offer over the current
aluminium part from a supply chain perspective in lead time, part cost, and mass reduction. To benefit
from the component cost and print time provided above, purchasing a machine to have on site is required.
The Stratasys Fortus 380mc Carbon Fibre edition is quoted as £58,800 (September 2019), the
Markforged Mark Two desktop is quoted as £11,995 (September 2019), and the Markforged X7 is
quoted as £52,672 (September 2019). As this is an engineering component it was vital to prove that the
additively manufactured composite component would be able to perform comparatively to the
aluminium one in service. After analysing how this component is used it was vital to conduct testing on
the part which mimics what it is exposed to in real world situations. The main test conducted was a
force/deflection test to analyse stiffness. This test was used to compare deflection that would occur when
subjected to real world loading. This test was carried out on the aluminium part, the Stratasys
Nylon12CF part and the Markforged part containing 13cm? of reinforcement. The force/deflection setup
and test results can be seen in Figure 1.

y=439,08¢+4,3788

a)
Figure 1. Force/Deflection a) Test Set Up and b) Test Results

The results show the Markforged component with 13x10°m? of carbon fibre reinforcement failed at
196.2N (20kg). The aluminium and Stratasys components did not fail when the maximum load of
294.3N (30kg) was applied. The stiffness of each part was determined by calculating the gradient of
each force/deflection graph. For the aluminium and Stratasys parts, the stiffness was calculated from
the complete data set. The stiffness of the Markforged component was calculated from the linear portion
of the force deflection curve only as indicated by the solid black line. After a deflection of approximately
3.6mm, a large change in stiffness was observed due to carbon fibre reinforcement failure in the material
decreasing the part’s stiffness. The results in Figure 1b show that the aluminium had the highest stiffness
(439.08N/mm), followed by the Stratasys Nylon12CF (119.41N/mm) and Markforged component
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(32.80N/mm). The Markedforged component was determined as not suitable to replace the aluminium
part as its strength and stiffness were too low.

The Stratasys Nylon12CF was determined to have the potential to replace the original aluminium part
as it had a comparable strength. The stiffness was 3.7 times lower than for the aluminium part and
further tests are required to ensure that the higher deformation of the Stratasys part would not impact on
the operation of the latch handle. If found to have an impact on the operation, the part would be
redesigned with thicker cross-sections to increase the stiffness. Even with increased thickness, the part’s
mass would still be lower than the aluminium part and costs to manufacture also less.

3.2 Sea Water Inlet Strainer

The ‘Sea Water Inlet Strainer’ is a component used on a variety of different lifeboat classes to stop

debris from entering the engine cooling system. It is currently fabricated from a wrapped stainless-steel

sheet and two stainless steel flanges either end. The mass of this component is 1.7kg, its lead time is 3-

4 weeks, and its cost is £110. However, due to corrosion issues, the RNLI regularly replaces this part.

As the RNLI want small quantities of this component produced every year, injection moulding was not

a viable option. The RNLI engineering team previously considered additive manufacturing as a suitable

production method for this component and sent it, in its current form, to 3D printing bureaus for a quote.

These quotes came back in excess of £800 per component. This was due to the part not being designed

for the AM process. A common misconception of additive manufacturing is that an existing component

which has been designed for another method of manufacture can be additively manufactured in its
current state. This is of course possible, but by no means gives the best results additive manufacturing
has to offer. The original design of the strainer, running it through GrabCAD (Massachusetts, US) slicing
software, would require each circular hole to have support material running all the way through. Support
material had to run the whole height of the part, and thickness of the overhang to be able to print the top
flange. This resulted in a volume of model material of 278x10*m? and support material of 893x10-°m?,

The cost of this volume of material in Stratasys ABS-M30 would be £350.

Designing for additive manufacturing is a vital step to achieving the most out of the process. The design

changes that were made to this component for additive manufacturing were (Figure 2):

e Increased wall thickness, as the current thickness had been designed for stainless steel so to make
sure the ABS part would provide the required impact strength this had to be increased.

e  Circular holes were changed to diamond shaped holes. The diamond shape is self-supporting as
the next layer never goes over a 45degree overhang to the layer below reducing the requirement
for support material.

e The top flange was separated, a lip and groove added to the CAD maodel, printed separately and
then chemically bonded together afterwards.

Figure 2. Sea Water Inlet Strainer designed for AM

Using the GrabCAD slicing software on the newly redesigned part, the model material volume increased
to 543x10°m?, and the support material volume reduced to 16x10°m?® costing £160 in Acrylonitrile
butadiene styrene (ABS). After re-designing this part specifically for additive manufacturing, the new
component mass is 0.526kg, new lead time is 3 days, and the new cost is £160. These comparisons show
that the AM part in this case is more expensive than the original. However, the AM part will not suffer
corrosion problems and will not have to be replaced on a yearly basis, therefore making it more cost
effective. To fully validate the AM part, Charpy testing of the impact strength would be required.
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4 STUDENT LEARNING

After the research project had provided successful results for using additive manufacturing within the
RNLI, the findings were utilised in teaching level 5 (second year) students studying BSc/BA/MDes
(Hons) Product Design. To effectively communicate to students the relevant research findings and how
they can be utilised within the design and engineering industry, the research results were presented to
design and engineering companies and qualitative data was gathered through a questionnaire (Table 2).
This data informed what knowledge industry already had regarding designing for additive
manufacturing, and highlighted gaps in their knowledge. This guided the dissemination of knowledge
to the level 5 programmes, so they were up to date with current industry knowledge and also take new,
valuable knowledge into industry with them. The main findings to impart was how additive
manufacturing could be used within the design and engineering industry to achieve a streamlined supply
chain, offer freedom within design, end use component production, and its impact on lifecycle
sustainability, using real-world case studies.

Table 2. Questionnaire results from Industry Dissemination

Strongly | Disagree | Neutral | Agree | Strongly
Disagree /I NA Agree
Has your knowledge regarding AM benefits for 0 0 0 22 12

industrial applications increased from these
research findings?

Has your knowledge regarding designing 0 1 8 17 8
specifically for the AM manufacturing process
increased from these research findings?

Is your business more likely to investigate the 0 0 10 15 9
use of AM following these research findings?

A lecture was delivered to over 80 product design students, to disseminate the research findings and
processes. This was an opportunity to give students an insight into both research and enterprise work,
and industry practices. Challenges in delivering this research and case studies included how to
breakdown over a years’ worth of highly detailed research into a one-hour lecture for students who had
very little prior experience to industry and research. Denicolo and Becker [9] believe that a good lecture
allows students to ‘see the results of your research in action’, ‘be inspired by your enthusiasm’, and ‘ask
you questions’. Therefore, the lecture contained aspects of the research that matched with the unit
learning outcomes [10], aspects which were interesting within design for additive manufacturing, so
enthusiasm would engage the students, and then also provided a period of time for questions. The lecture
centred around the technology used in the research study, as it is technology the students have access to
within the university for their upcoming projects, the process of designing for additive manufacturing,
and the final outcomes achieved. One of the main purposes of disseminating the research findings to the
students was so they could take the knowledge forward and apply it into their upcoming additive
manufacturing technology project.

The lecture began with an overview of the clear methodology used throughout the research. This gave
the students information from the beginning of the lecture which engaged them and allowed them to
understand the process of the research study and not be overwhelmed by the information that would be
delivered. The lecture went on to disseminate information regarding the technology investigated in the
research, testing and analysis conducted on a variety of case studies, and then final outcomes achieved.
To ensure the students would interact with the lecture and take information away from the case studies
which they could later apply to their own design for additive manufacturing work, the lecture was
interactive and designed to suit a variety of different learning styles. The learning styles included visual,
audio and kinaesthetic learners [9], therefore the lecture integrated talking, part demonstrations, images
and videos. Videos used in the lecture included showing the process of additively manufacturing parts
and then the testing conducted. These videos helped visual learners to further understand the
technological processes that were being spoken about during the lecture. Part demonstrations involved
taking AM parts from the project into the lecture and allowing the students to pass them around, have
hands-on experience, and have discussions about the parts designs and manufacturing technigues,
therefore getting the students engaged in the lecture. The mixture of approaches worked well, and
received good student feedback, as it constantly kept the students engaged and interested as they had
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opportunities to talk and discuss the demonstrations amongst themselves then regroup and take in the
next lot of information from the lecture. It enabled discussions, questions, and thoughts which otherwise
would not have happened. This lecture regarding the research and enterprise work undertaken within
the RNLI delivered many positive outcomes, including engaging students, disseminating knowledge
and answering questions that students had, this was evident from student participation during the session,
the information they carried forward and used in their subsequent additive manufacturing project, and
student feedback received.

To follow up and support the dissemination of this research to the product design students, and so they
had an opportunity to put their understanding into practice, a subsequent lab session to bring students
into the Rapid Prototyping facility at BU was undertaken to physically show them the machines used in
the project, show them the processes used to design the parts for additive manufacturing and then a
project was set to them to redesign a part for additive manufacturing. This gave them an opportunity to
use their skills for designing for additive manufacturing, use the 3D printers, and conduct the post
processing that follows so they could have first-hand experience of the whole process. Outputs from this
project saw students using topology optimisation to redesign components on a motorbike frame,
resulting in lower weight components that could be additively manufactured. This is important as it puts
into practice what the students have learnt, offers different learning styles the opportunity to thrive, and
gives an opportunity to assess if the learning outcomes of the lecture have been achieved based on what
they can do after the learning experience that they could not do before [11].

5 CONCLUSIONS

The findings from this research have been beneficial to both the RNLI, BU staff and the product design
students. Knowledge transfer has taken place, benefiting all parties. The benefits that AM could provide
the RNLI supply chain and its engineering department have clearly been identified. The students
involved have been given real world case studies on how additive manufacturing is being used within
the design and engineering industry, enabling them to apply what they have learnt to subsequent
assignments.
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ABSTRACT

Design education has a nuanced relationship with examples. Although they are considered useful
teaching tools, their use is often restricted to illustrating the design theories and principles around which
the curriculum is structured. In contrast, professional designers view examples as autonomous entities
and use them to initiate a critical dialogue with their current problem space. Therefore, students should
be facilitated in cultivating their own repertoire of solutions and learn to initiate conversations between
existing solutions and design challenges to gain a better understanding of the problem space and generate
new designs. This paper outlines a small-scale experiment conducted with master's students in Applied
Data Science at Utrecht University who took a course on designing recommender system interfaces. The
students were provided with a set of examples of recommender interface designs as their main
instructional tool. They could use this set to curate their own solution repertoire. As a result, the majority
of the participants' work displayed more diverse designs, and they used design patterns distilled from
those examples generatively, developing innovative designs. Based on this case study, we tentatively
conclude that a design curriculum built around examples, complemented by theories, could be
advantageous, as long as special attention is given to helping students initiate fruitful iterations between
their challenges and a set of solutions.

Keywords: Solution repertoire, professional practice, problem space, exemplars, curriculum design

1 INTRODUCTION

Studies on design practices over the past half century consistently show that designers tend to approach
design challenges with a solution-oriented mindset [1-8]. They engage in reflective conversations with
their design challenge and use existing solutions or precedents as conversation starters[2, 7]. Dorst &
Cross, for instance, noted that designers iteratively evaluate and appreciate existing solutions within
their specific challenge, enhancing their understanding of the problem space with each consideration [3,
9.

That is in contrast with how design curricula within HCI are generally organized [7, 10]. Currently they
tend to emphasize high-level conceptual knowledge, supported by intermediate knowledge such as
design heuristics [3], design patterns [4], strong concepts [5], or annotated portfolios [6]. Examples used
in these curricula are exclusively tied to high-level or mid-level knowledge. For instance, topics covered
in HCI courses typically include Nielsen's heuristics, user research, creating a user journey, persona’s,
human-Al interaction, etc. [11], rather than examples of specific interfaces such as Netflix, OkCupid,
Waves, or Roblox. High-level and intermediate knowledge are considered generative design tools, while
examples serve as illustrations of these principles [9]. In order for design curricula to align more closely
with professional practice, greater emphasis should be placed on actively and consciously building
students' collection of precedents or a 'solution repertoire' [9]. This would help students develop skills
to facilitate conversations between their repertoire of precedents and the design challenges they
encounter.

This paper reports the results of a small-scale experiment conducted in the Covid’19-winter of 2021
with 37 master’s students in Applied Data Science at Utrecht University. It aimed to recreate the
solution-oriented professional practice by structuring part of the design course around a set of
precedents. After briefly reviewing the status of exemplars as a form of knowledge in design curricula,
we describe the experiment and provide a preliminary analysis of the results.
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2 THE STATUS OF EXAMPLES IN DESIGN CURRICULA

Back in 1982 already, Cross has stated that design examples in and of themselves should be considered
autonomous knowledge entities [12]. Structuring design curricula around design theories, in which
examples function as illustrations, is, therefore, problematic for various reasons. Firstly, it implies that
examples are determined by higher types of knowledge: the example is the way it is because of this
principle. However, design examples can and should be viewed through multiple theoretical lenses [9],
and tend, in fact, to be ‘underdetermined’ by theory [13]. Secondly, it prevents students from building
their own conceptual network of examples, since the examples are taught in the context of specific
theories, and, as a result, they will be mainly accessible through those theories rather than individually
and interrelatedly [9].

Finally, and most importantly, denying examples a status in their own right does not echo the actual
design practice. As Boling and Gray show, students will use precedents, whether they are aware of it or
not [7]. If they are not taught to use those precedents consciously, and consider them properly and
critically, their resulting designs will suffer.

Van Turnhout & Smits, therefore, introduce the concept of ‘solution repertoire” as a founding principle
for design curricula. They define ‘solution repertoire” as “the competence of appreciating and handling
solutions in one’s design discipline and to use them as an anchor point for design-relevant knowledge
that goes beyond the anecdotal experience” [9]. In this approach, a solution repertoire is a performative
concept: students build their own repertoire, carefully curated from formally or informally encountered,
and self-designed precedents. A design curriculum could then be organized as in Figure 1:
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Figure 1. A curriculum design organized around examples or solutions

In this organization, solutions are the central elements that connect sets of abstract knowledge, and the
various theoretical lenses serve as means to analyse the examples from different perspectives. Solutions
are in this vision the foundational blocks of the curriculum. This curriculum structure is geared towards
helping students curate a solution repertoire and support their skills of critical analysis of examples in
specific contexts. It does, however, not imply there is no place for design theory and design principles.
It just means that those are not the structuring elements of a curriculum; rather they take the auxiliary
position that was earlier reserved for the examples.

3 EXPERIMENTS: A SOLUTION REPERTOIRE-BASED DESIGN

CURRICULUM

In de winter of 2021, our design research group Human Experience & Media Design (HEMD) and our
teaching staff at the Master Data-driven Design [14] were asked to provide a course on interface design
of recommender systems for 37 master’s students in Applied Data Science at Utrecht University with
little to no prior experience with interface design.

This course provided an opportunity to experiment with the notion of examples as an organizing
principle in this curriculum. Our main instructional tool was, therefore, a set of examples of
recommender interface designs. An inclusion criterion for this set was that they all had to contain some
form of ‘algorithmic affordance’, that is: they all had to provide their users with “interaction options
that give tangible control over the algorithm” [15]. During the classes, the examples were examined
through various lenses, such as the theory of value sensitive design [16], human-centred design, and the
design of human-ai-interaction (see Figure 2).
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Figure 2. Part of the recommender interface design curriculum structure

In phase 1 of this experiment, we first assigned the students the task of designing ‘an interface’ for ‘a
streaming service’, just to explore options and get familiar with the practice of constructing interfaces
in general. At that time no precedents had been provided yet, nor had the general idea of designing with
precedents as (generative) design tools been discussed. In phase 2, however, students were provided
with precedents, as well as with explicit and implicit instructions to consider precedents carefully and
to curate their own set of precedents. In this phase, the assignment was again to design a recommender
interface for a streaming service, but this time for a specific user group that students had selected
themselves. The interface had to include algorithmic affordances and therefore, it had to provide users
with control. From their user research, students distilled values that were relevant to their selected user
group and those values were to drive the types of control that would be implemented in the interface.
The students’ final interface design had to be accompanied by a document in which they had to reflect
on their consideration of various exemplars and how they did or did not use them to build upon them.
The reflection documents were analysed by the teaching staff, based on the assessment criteria
formulated in the assignment. Relevant statements were highlighted during grading and later analysed
for generative power. Statements that were included were for instance ‘I considered Tinder’s interface
and decided, you could use such a one-by-one judgment for movies, too. The selection process would
then be slower, but at the same time, every next movie would be a better match, rather than having to
plough through 20 irrelevant movies’ (S6). This was considered a generative statement.

4 RESULTS AND DISCUSSION

The students’ work on these two assignments led to three main conclusions. Firstly, we established again
that, designers (experienced or not) use precedents as a starting point. Most of the results of the
assignment in phase 1, in which they had to design an interface for a streaming service, showed an
uncanny resemblance to Netflix’s, Audible’s and HBO’s interfaces (see and in a variety of contexts of
use. They were clearly not viewed as illustrations of ‘just that value’, ‘in just that context’, for ‘just that
feature/use’. In one design, the algorithmic affordance of the ‘data toggle’. ).

Table 1. Traces of exemplars in assignment 1

26 assignments

- literal traces of Netflix/Prime Video-type of services

3 assignments

- literal traces of Netflix/Prime Video-type of services
- generative traces of Netflix/Prime Video-type of services

5 assignments

- literal traces of Netflix/Prime Video-type of services
- traces of social media interfaces (sharing, commenting, tagging)

2 assignments

- literal traces of Netflix/Prime Video-type of services

- generative traces of Netflix/Prime Video-type of services (e.g.,
using profiles differently)

- generative traces of social media (sharing, commenting, tagging)

1 assignment

- literal traces of Netflix/Prime Video-type of services
- generative trace of social media (sharing, commenting, tagging)

- generative trace of another online service (Tinder’s judging
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Consciously or not, students had used clearly recognizable examples as their starting points for their
assignment and had implemented literal traces in their designs. In this study, literal traces are conscious
or unconscious copies from existing examples: similar feature, similarly implemented, similar context-
of-use. Generative traces are elements that have a similar use but are implemented differently in the
student’s design (for instance, rating is a sliding scale rather than a set of five stars), or that are used
differently (for instance, rating implemented as blacklisting rather than supporting provided
recommendations). Elements transferred from another context, such as social media (tagging other
viewers) or dating sites (such as the Tinder-like judging of each individual movie) were in this study
also considered generative traces, even when the implementation was similar.

For the assignment in phase 2, we observed an expected improvement in designer skills (simply because
it was their second assignment). More importantly, however, and this is the second conclusion, for a
majority of the students we could also establish they had actually used examples as generative design
tools, resulting in their own original designs. Examples of similar algorithmic affordances were used to
implement a variety of values, for different target groups and in a variety of contexts of use. They were
clearly not viewed as illustrations of ‘just that value’, ‘in just that context’, for ‘just that feature/use’. In
one design, the algorithmic affordance of the ‘data toggle’. In one design, the algorithmic affordance of
the ‘data toggle’ was, for instance, used to allow users to see explanations for their recommendations,
facilitating the values of diversity and transparency (see Figure 3a), while in another design the same
example of the data toggle was used to implement transparency again but in this case also to tune the
algorithm, weigh parameters differently, and consequently, adapt results (see Figure 3b). In sum, more
students had started to use examples in a generative manner.
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Figure 3a. Toggling explanations for recommendations
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Figure 3b. Toggling explanations for recommendations

The solution repertoire also triggered students into developing their own variations and innovations.
Figure 3a is already an innovative example of how explanations of recommendations can be visualized,
by the student’s own admission, for “people who are as techy and nerdy as 1 am” (S12) [17]. The diagram
in this figure visualizes how the recommender settles on specific output, and to what extent diverse input
sources (previously watched movies, paid promotions of the company, user similarity, etc.) contributed
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to that output. Transparency is here implemented by visualizing decision paths, an example that was
present in the provided solution repertoire. The final design, however, implements such a decision path
in a completely different way, developed by the student himself. Figure 4 presents a last illustration of
generative designs inspired by precedents. This student was triggered by examples of building different
profiles. Rather than profiles for individual users, however, they created contextual profiles and made
recommendations for ‘Lazy Sundays’ and ‘Fridays with friends’.

In their reflection documents, 23 out of 37 students clearly show how they had taken their target groups’
values as a starting point (‘their problem space’) and had subsequently browsed the solution repertoire
to see if and how any of the solutions would help them implement those values (“critical conversations
between precedents and problem space’). They then selected examples that were helpful and
transformed them into a solution that worked in their own design (‘creating a new design’). S11, the
creator of the example in Figure 4, for instance, stated “I liked the idea of contexts, but not of tying it to
a person; for my target group social watching is more important than defining them as individuals”.

Playlist B>

Playlists Maybe?

about | login | EN | contactus

Lazy Sundayz

%b-GH

Py i $
sHHFEAHE

Classics

Figure 4. Newly designed means of profile creation

However, this process was not as smooth for the entire student population. As a third conclusion we
found that a significant minority of students (14) did copiously use the solution repertoire, but still not
critically. Rather, these students seemed to consider the set of exemplars more of a list of ingredients
that all needed to be integrated in their assignment, resulting in an unbalanced mix of solutions. See
Figure 5 for an example of an unbalanced interface aimed at 6-10-year-olds, that displays no critical
appreciation of the various elements:

- Welcome Alex - |5

Figure 5. An unbalanced combinations of examples

In the discussion following the hand-in of their work, the creator of this work stated, “T am just learning
to speak ‘design’; I did not know what to do with those examples and thought | had to use something
from all of them, to show I had looked at them” (S24). In short, they considered the examples
prescriptive rather than inspirational. Crucial for a curriculum centred around examples, therefore, is to
make sure the examples do not attain such a status that students feel they cannot be changed and have
to be used.

5 CONCLUSION AND LIMITATIONS

Based on the results of this experiment, we tentatively conclude that it is beneficial for design curricula
to explore constructing their curriculum around examples, allowing students to build their own solution
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repertoire. This small-scale and admittedly limited study shows that providing exemplars in a design
curriculum as autonomous entities rather than as auxiliaries to higher concepts can support examples’
generative power for new and innovative designs. However, teaching the skill of critical appreciation
and evaluation, and having students experience how those conversations enhance their understanding of
their problem space is an essential for this approach. That should help give students the confidence that
they ‘speak enough design’ (academic integration into the domain) to employ their repertoire to the
fullest and allow them to challenge design contexts and generate their own innovative designs.
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ABSTRACT

In a collaboration between the University of Twente and the Saxion University of Applied Sciences
ethics education is explored from a tool-based, practical perspective. In this ongoing project the focus
lies on the question if and how practical tools for ethical deliberation can be helpful in ethics education
for engineering students. To adhere to the practical perspective, the approach uses a focus on the impact
of technology as a way toward ethical deliberation. The idea is that engineering students should actively
take the probable, desirable, and possibly unwanted effects of their designs into account during the
development of their projects. To foster this process, we have the desire to build an ethics lab, analogous
to an engineering lab or a design studio. As part of this ethics lab two students of the bachelor Creative
Technology have designed an interactive installation to let the visitors of this lab experience classical
ethical dilemmas in a contemporary manner. This paper will present the installations -representing
Plato’s cave and the Panopticon- as well as some preliminary experiences with “teaching ethics through
interactive installations”.

Keywords: Ethics of technology, reflective skills, ethics lab, interactive installations

1 INTRODUCTION

Designers have social responsibility by the very nature of their activities: bringing new products and
services into the world of the user [1]. This responsibility calls for ethical awareness in the practice of
design, as designers will be inevitably influencing the context of people and society for better or worse.
Different approaches for reaching this ethical awareness have been developed, rooting in professional
values [2] or on the other end personal ethics [3], ranging from teaching abstract ethical theories to
analysing practical implications [4]. In an ongoing research collaboration between the Saxion University
of Applied sciences and the University of Twente, the approach towards ethics education is from a tool-
based, practical perspective [5]. Therefore, insights from design research are combined with philos-
ophical theories [6 , 7] and the focus lies on analysing and exploring the impacts of new technologies as
a way toward ethical deliberation [8]. In the initial phase, the study focused on the experimentation with
this practical approach in a series of workshops with designers, design educators, and students [9]. From
organizing these workshops, we came to the idea that there might be some environment that is especially
suited for these kinds of workshops. Think of a dedicated space that stimulates ethical deliberation, just
like a design lab [10] or studio environment can stimulate creativity [11].

Although at this point it is not yet clear how such an environment should look like, we started with the
first elements that could be part of such an ethics lab. One of this is the envisioning of a ‘canon of classic
ethical dilemmas’ to teach and inspire all people that will be visiting the lab. A small ‘museum’ to
engage and confront users of the lab with ethical theories that they can refer to when reflecting on their
own work. From this idea an initial set of two interactive installations has been developed, based on the
respective ethical theories of Plato’s cave and the Panopticon. The installations were each designed and
prototyped by a Creative Technology engineering student in their bachelor graduation assignment.

In this paper we will present the theoretical backgrounds of our concept, the interactive installations
itself, as well as the first experiences with exposing users to the installations.
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2 ETHICS TEACHING AND DESIGN

In the first phase of the research project, experiences of consulted students and teachers indicated that
practical tools for ethical deliberation are most valuable, provided that they are linked to explicit learning
goals [5]. In the second phase, efforts are being made to (further) develop and test a suite of activating
working methods to achieve these learning goals. The aim is to develop a package of teaching materials,
together with the various engineering programs, consisting of concrete ethical exercises and assignments
that can be used as a continuous learning line during the entire curriculum [12]. In the project we have
identified four important ingredients for such exercises and assignments; 1) an ambivalent (or
controversial) technology; 2) an application close-by (or appealing to the interests of the participants);
3) a concrete (design) activity and 4) the ‘right’ questions to ask. These ingredients should allow for
effective learning experiences, especially with lecturers of engineering subjects that are themselves not
trained as ethicists.

The next step in facilitating this ethical deliberation among practicing students is creating an
environment that is inviting to do so. The idea is to make a dedicated lecture room where student groups
and lecturers can come to do the workshops that have been developed within the project. This might
also coincide with working on their own design projects. The setup of the room should then be
stimulating, confronting, disturbing or at least inviting for discussion about the ethical aspects of the
technology at hand. The first ideas for such an inviting environment ranged from “just a creative design
studio setting” to a “privacy violating technologies Luna Park”. The rationale behind the latter was to
let people experience negative consequences themselves in various ways, with the intention to make
them more sensitive to potential unwanted side-effects [13]. Think of an entrance where half of the
visitors is (randomly) excluded after being scanned with face recognition software, so they can feel how
it is to be rejected by technology based on unknown parameters (“‘computer says no”). Although the
effectivity (let alone the ethical practicalities) of this kind of ideas is arguable, it sparked the starting
point of using interactive installations in the prospective lab to educate about classic ethical principles.
Practically, the installations should introduce students and staff to complex ethical dilemmas and allow
them to grapple with issues that arise from understanding ethical issues, and subsequently aid them in
considering how their projects might affect the world [14]. Optimistically, they could also present “the
individual as an agent of positive social change, capable of affecting both local and global communities”
[15, p.86] through ethics education and confrontation [16].

For the design and realisation of the interactive installations we recruited bachelor graduation students
from Creative Technology, a programme that educates for developing new and innovative products,
applications and services building on Information and Communication Technology. The design material
that these students are taught is ranging from new media to smart technology, using videos and sound,
internet, all kinds of programmable platforms, sensors and actuators [17]. Which make them fitting for
our task [18].

3 CLASSIC ETHICAL THEORIES

For the ethics lab a list was composed of possible classical ethical principles to present. This could be
for instance the Chinese Room by John Searle, the Turing Test, the Trolley Dilemma, or the Veil of
Ignorance by John Rawls. The students eventually chose to start with the Panopticon by Jeremy Bentham
and Plato’s Cave as the central themes for their respective installations.

The Panopticon refers to the design of a circular prison, originating from the 18th century. The design
presents prison cells with glass walls arranged in a circular manner around a central guard tower. This
design allowed prison staff to individually observe each cell at all times, without the prisoners being
able to tell if and when they were being watched. This concept of continuous surveillance would through
Bentham’s theory lead to imprisoned individuals practising self-discipline, as they might be observed at
any time [16]. This principle, labelled ‘Panopticism’ by Foucault is strongly connected to the loss of
privacy in today’s communication society. On the other side of the spectrum, it is also used in the
entertainment industry in television formats like Big Brother or the 1998 movie The Truman Show.
Even more classic than the Panopticon is the most famous theory by Plato, written around 380 Before
Christ: The Allegory of the Cave. This theory is about prisoners chained down in a cave. They have
been in that cave for their whole life, and they have been tied down and their heads are stuck in one
direction, so they are unable to look around. Behind them is a fire and puppeteers that hold objects over
a screen so that their shadows from the fire are cast on the cave's wall. Because the prisoners have never
been in the outside world but have only seen the shadows on the wall, they preserve these shadows as
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the “reality”. They believe the shadows of objects cast by the moving figures are real things - and the
only things. If a prisoner would escape from the cave, their eyes would hurt from the daylight and
therefore, they would want to look back at the shadows on the wall again. Only after some time, they
would be able to see anything from the outside world, let alone accept it as real. The allegory is about
the perception of reality and Plato’s idea is that the world we perceive as humans is only a dim
representation of the real world [19]. Students that in this project were interviewed about ethics
education and the allegory by Plato made the connection to social media. Some of them were aware that
not all information is true, and one mostly sees the “shadows on the wall” and not the actual reality. One
participant made the connection with the corona pandemic, where a lot of (conspiracy) theories about
the coronavirus came to light. She said that there were people who thought that they had seen the ‘real
world’ and found out that the vaccination was not good for humans. “Maybe they escaped from the cave
and we are just seeing the shadows” [20, p.25].

4 INTERACTIVE INSTALLATIONS

The principle of the Panopticon and Plato’s cave were translated into physical installations, where for
both principles a contemporary element was added to appeal to the target group and emphasise the
relevance of the principles for todays practice [16 , 20].

4.1 The Panopticon

For the Panopticon installation the chosen contemporary element was CCTV camera’s, Social Media,
and surveillance technology. To emphasise the link with the original prison design by Bentham, the
installation was designed to fully immerse the head of the user in a box-like shape, supported by a
foundation styled as prison bars. Inside the box the user is entirely surrounded by displays, showing a
large number of different video clips that should represent CCTV footage (figure 1).

Figure 1. Interactive installation based on Panopticism, developed by Tale Nap. From left to
right: the physical installation, the imagery displayed on the screens inside, and a screen
capture of the confrontation phase [16]

The user can interact with the installation by requesting to zoom in onto a specific video clip. After
several rounds the user is shown a video of themselves instead of the requested video clip. This
unexpected confrontation with the effect of being watched should evoke reflection on the concepts of
privacy and surveillance, and of course also one’s own role in this when watching others on social media.

4.2 Plato’s Cave

The allegory of Plato’s cave was chosen to be explained with the contemporary issue of propaganda and
‘fake news’. To make the concept more relatable with the original theory by Plato, the installation was
shaped like a cave. Projections, representing the shadows of the original theory were provided by a
beamer from the outside. The cave itself was realized as a small tent, made from white cloth. Ultrasonic
distance sensors and a small camera register the interactions with the user (figure 2).

The interaction flow of the cave-experience is based on social media posts and propaganda. Egypt was
chosen as the central topic as it is well-known for its tourist attractions. However, at the moment it is
also an unstable country with a repressive regime. To achieve this, the design creates an Egyptian feeling
for the user, while still representing a cave. This is done by using some stereotypical characteristics of
Egypt such as the desert, Pyramids, and Egyptian-style music.
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Figure 2. Interactive installation based on Plato’s cave, developed by Madee Schreurs.
From left to right; two images of the cave-tent with projected footage and the sensors and
camera on the inside [20]

The installation will start with a projected cave entrance which the user has to enter. An instruction text
is displayed with explanation to the user on how to interact with the experience. The user will then be
placed in a desert surrounding with all objects black, so that only the silhouettes of the objects are visible
representing the shadows of the original allegory (Figure 3). Then the user should answer questions
about Egypt, which will be displayed on the left side of the cave. During this process the user is framed
with sunny social media posts and positive news articles from the Egyptian government. While the user
is working on the question on the left, news articles with a less positive perspective on Egypt will be
displayed on the right, unnoticed by the user. After answering all the questions, the user is asked whether
they would recommend Egypt as a holiday destination. In the confrontation phase the installation will
then reveal the one-sidedness of the news that was presented [20].

How likely would you

recommend Egypt as

ENTER THE CAVE holiday destination?

CONFRONTATION
START LOCATING AND END VIDEO
ANWSERING Reveal framing
Show images of user
Select object Relate to Plato

Anwser question
Explanation video
(3x)

Figure 3. Interaction flow of the cave installation and an image of the projected footage, with
social media post and silhouette of Egypt representing the shadows from the allegory [20]

The user is confronted with their own image taken by the camera, looking to the left while all the
negative news was openly projected behind them (Figure 4). After some preliminary user testing the
interaction flow with questions and answers was set to a duration of approximately five minutes.

00

Figure 4. Objective information (left) is presented openly, however unnoticed by the user
whose attention is effectively attracted to the other side (right)
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5 EVALUATION AND DISCUSSION

The two installations were prototyped and put together on location in an office of the University of
Applied Sciences. Then several students from the intended target group were invited to experience the
interactive installations. With the Panopticon installation, the participants were interviewed before and
after the experience in order to investigate the effect of being exposed to the installation [16]. With the
Cave, the participants had no information about the goal and usage of the installation beforehand, so the
participant would not be biased. This was also done to test whether the installation could be used
independently, without the need for a supervisor in the lab [20].

Four students evaluated the Panopticon installation. They answered the interview guestions, engaged in
the installation and were interviewed again separately. After that they were invited to react on each
other’s answer and discuss the topics that were elicited by the experience together. In the starting
interviews the participants noted the importance of ethics when pertaining to stakeholders and when
approving research procedures. They also identified that ethics and technology were closely related,
however noted few positive experiences with ethics education. The participants expressed interest in
ethics education, however reported a lack of practical application of the methods and concepts discussed.
All participants noted that the interactive phase of the experience felt quite normal. They generally
understood that they were essentially unobstructed observing personal data from varying places around
the world, however they equated this with scrolling on social media. Each participant also noted that
being exposed to your own image during the confrontation phase harboured uncomfortable emotions.
In the following discussion, the participants agreed that such an experience would give an individual
additional insights on ethical concepts and topics. As one participant put it: “through this installation,
the awareness comes very easily because all of the sudden it applies to you specifically. And that’s very
different from just reading about it or finding a case study” [16, p.61].

The five people experiencing the Cave installation were successfully framed into believing that Egypt
was a pretty nice country [20, p.47]. In the end, when each participant was confronted with many more
negative facts about Egypt, this created a realization that they had fallen for the one-sided news that was
presented to them as “shadows of reality”. People had experienced that by only seeing the shadows on
the wall, the reality that they created for themselves might not be the actual truth. However, they also
stated that they would not change their behaviour afterwards. Which is actually what Plato predicted. If
people have never seen something else in their whole life, it is hard to accept a different reality [20].
The realized installations were thus able to deliver what they were supposed to do; engage the audience
in ethical deliberation and connecting classic ethical theory to contemporary (design) practice. Although
the initial evaluation only consisted of very few participants, it showed the potential of this type of
interactive experiences for the initial idea of a dedicated educational space for ethics; that a specific
physical environment can stimulate ethical deliberation in the target group. The next step will be to
incorporate the installations in an actual educational setting with more students and staff. For now, the
question remains how the installations will perform when teaching a complete class of students, or how
they will be influencing a dedicated workshop. And how can it support group work within a technology
oriented design project? In the current setting, each user has to individually engage with the installations.
Especially with the Cave experience, which lasts for at least five minutes, it is not practical to teach
large classes. Moreover, in the evaluation the participants even indicated that they would prefer an even
longer duration of the specific experience. On the other hand, the experience with the evaluation of the
Panopticon installation showed that it really sparked discussion about ethical issues such as privacy,
surveillance, the internet and advertising, which relate closely to the themes presented in the installation.
This strengthens the conviction to continue on the path taken. Both developing more interactive ethics
installations and researching how they can be best integrated in a stimulating environment for ethical
deliberation.

6 CONCLUSIONS

Interactive ethics installations which engage their target audience through physicality, meaningful
interaction and impactful confrontation can stimulate ethical deliberation. The next step is to make them
part of a dedicated educational space for practicing ethics in education. Most interesting contribution at
this point is that the exposure to the interactive installations as a practical pedagogical method sparks
interest and intrigue in the target group, potentially making them more likely to engage with ethical
subject matter in their own engineering practice.
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ABSTRACT

Engineering education primarily provides students with the ability to apply scientific and mathematic
principles to technical problems, whilst research methodology refers to the process of applying
systematic procedures and techniques to resolve research questions. A lack of scientific training, in
research methodology, and an inexperience with human data can be detrimental for engineering students
when addressing real world challenges. Therefore, the motivation of this paper was to explore innovative
teaching methods, to enhance the education of engineering students on a newly developed, postgraduate
research methods module. Said module had a view to expanding student understanding and knowledge
through planning and conducting qualitative and quantitative research. This paper explores the
differences seen between two cohorts of research methods students, delivered within the first term of
study across three MSc Engineering courses. Qualitative findings associated with student feedback are
presented considering the unique teaching and assessment challenges of delivery to a predominantly
international cohort of postgraduate students. Innovative pedagogic approaches were considered based
upon student satisfaction feedback, assessment results and the occurrence of academic irregularities.
This study aims to share the module design, the approaches used in teaching, a summary of lessons
learned from the two cohorts and suggestions for further enhancement of the module.

Keywords: Engineering education, research methods, quantitative method, qualitative method,
international students

1 INTRODUCTION

The importance of acquiring knowledge and practical experiences in personal growth and development
has been widely recognised. With the right knowledge and skills, individuals have the power to unlock
their full potential [3]. Engineering education is an excellent example, as it integrates theoretical
principles with practical applications, placing a strong emphasis on developing analytical thinking skills
[5]. Furthermore, engineering graduates play a vital role in driving economic growth by creating
innovative products and processes, thereby contributing to the success and competitiveness of society
as awhole [11].

Due to globalisation and profound changes in the world, engineering education has been faced with new
challenges in recent decades. Evidence suggests that engineering graduates often encounter challenges
in securing employment due to their deficiencies in problem-solving and decision-making [9]. In
addition, there is a growing emphasis and requirement for engineering students to improve their research
skills [1, 7]. One of the key components of an engineering education is the teaching of research methods,
which enables students to develop critical thinking, problem-solving, and data analysis skills. These
skills are essential for engineers to be able to tackle the complex challenges facing society, including
climate change, energy security, and sustainable development and the continued development of
medical advancements.

Research methodologies refer to a logical and systematic approach to resolve a research problem, using
various techniques to collect and analyse data [8]. Previous research has highlighted the lack of scientific
training and limited explicit discussion on the issue of research methodology for engineering students
[7, 2]. Despite its importance, the teaching of research methods in engineering is faced with several
challenges that can limit its effectiveness [10]. Many of engineering students have difficulties
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understanding and implementing research methodologies in their field as well as being unfamiliar with
the process and procedures associated with collecting and analysing human data. Engineering students
are often highly motivated and eager to learn, but they may not be interested in research methods, which
can be seen as abstract and unconnected to their practical interests. In addition, students may not have a
clear understanding of the purpose of research methods and how they can be applied in real-world
engineering problems. It is often hard for engineering students to make a judgment on how to conduct
an experimental study, what method to use to collect data and how to interpret the findings. Therefore,
it would be beneficial to make the process of research methodology more explicit in engineering
education as it improves students’ analytical and problem-solving skills and boost their career
opportunities.

The current paper examines the creation of a new research methods module, aimed at postgraduate
engineering students studying Medical Engineering, Sustainability Engineering: Energy, and Transport
Systems. These MSc courses were first offered in September 2021, with each course offering two entry
points either September which represents a standard 12-month MSc or January representing a 15-month
course and both entry points are offered with a placement option to extend the course length to 24
months. The research methods module is delivered in the first term of study to both cohorts, alongside
the capstone project it is the only module that is repeated specifically for each entry point. The module
is repeated so that each cohort benefits from undertaking the module in their first term providing them
with a comprehensive overview of the research process, an important introduction to aspects such as
plagiarism [12] and setting out research skills, that are required in later modules such as the capstone
individual industrial or research project for which research methods is a pre-requisite. The paper focuses
on the innovative teaching methods used to instruct MSc postgraduate students and the changes made
to accommodate the different styles of learning among the individual cultures [13] represented, as 95%
of students were international, with English as an additional language (Table 1). A number of changes
were made to this module, without changing the overall structure, the learning outcomes or the
underpinning assessment methodologies. These module changes are examined through the experiences
of the teaching staff, the student satisfaction derived from module feedback, the number of academic
irregularities and the academic performance of students. The authors of the paper also discuss the
challenges faced during the development process and the strategies used to overcome these challenges.

Table 1. Nationality of Students as % of Cohort (2022)

[}
o] - —_ o] c c X Fe]
‘= o < = s < =
& s ® E § 3 £ ¥ & 2§
< z & 17 = =) 2
X
January 65.9 45 2.3 114 2.3 9.1 4.5
September 1.9 1.9 51.9 7.4 13 5.6 1.9 13 3.7

2 METHODOLOGIES

The present study delves into the student satisfaction survey data collected from 58 postgraduate
engineering students, across two separate cohorts (January 2022 and September 2022), who offered their
feedback on the research methods module. The survey was completely anonymous meaning participants
could not be identified and that the teaching team could not influence the responses from the students in
question. All data were analysed and were organised into two distinct categories: quantitative findings
and qualitative findings. Incidences of academic irregularity were compared as were the grades for each
of the assessment elements and the overall pass-fail rate of the module. The structure of the module
consisted of ten weeks of teaching (Table 2). The first five weeks consisted of a one-hour lecture, a one-
hour seminar and a two-hour practical computer lab, to prepare the students for the practical statistics
assessment in week six of the term. The sessions were all designed with active learning components
embedded based on evidence that this approach is advantageous to STEM students from diverse
backgrounds, facilitating reduced failure rates and increased grade rates [4]. The first assessment was a
practical statistics assessment using IBM SPSS statistics package to answer a research question posed
in a scenario with an accompanying data set. All students were asked to complete the assessment at the
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same time under exam conditions in a computer lab. The assessment was, however, open book, meaning
access to notes, internet-based guides and academic texts were allowed but all communication was
forbidden. This approach was an attempt to make the assessment a part of the learning experience and
not simply a way of identifying what information had been retained by the learner but a more holistic
approach that more accurately represents a real-world scenario, whilst ensuring that each students own
knowledge and ability is assessed [6].

The following three weeks focused on ethics and qualitative research methodologies using the same
lecture, workshop, and practical session format. The second assessment was a presentation with delivery
from the students focusing on the use of qualitative research methods to answer a subject specific
research question, provided as part of scenario where the students would be pitching the research plan
to a board of directors. The final week was a summing up week, ensuring the students understood how
the materials covered linked to the rest of their studies and their major project. During the period between
delivery of the module to the two cohorts some changes to the module structure were made to try and
tackle some of the issues that became apparent. These alterations are discussed in the results section
with respect to relevant outcomes.

Table 2. Research Methods module schedule (2023)

Week = Session Topic
1 Lecture Introduction
Seminar Literature searching, reference management software and plagiarism
2 Lecture Aims, objectives and hypotheses & defining variables & research methodology
Seminar Academic writing
Lab Descriptive statistics
3 Lecture Quantitative data analysis / inferential statistics
Seminar Types of data
Lab SPSS - T-tests
4 Lecture ANOVA and non-parametric equivalents
Seminar Sampling
Lab SPSS - ANOVA
5 Lecture Correlations
Seminar Effect sizes
Lab SPSS - Correlations
6 Practical SPSS - Stats assessment
Assessment
7 Lecture Quialitative research methods and data collection (Interviews)
Seminar Reliability, repeatability, reproducibility, and agreement
Lab Peer interviews
8 Lecture Quialitative Research and data analysis (Focus Groups)
Seminar Data analysis (Interviews)
Lab Focus groups participation [14]
9 Lecture Ethics
Seminar Presentation preparation
10 Presentations = Assessment
11 Lecture Discussion and conclusion writing
Seminar Academic writing
3 RESULTS

3.1 Quantitative findings

The quantitative findings were categorised into four main aspects from the module survey: feedback on
module teaching, feedback on assessment and marking, feedback on module organisation/resources and
overall satisfaction.

Data for feedback on module teaching for both cohorts showed that 80% of students were satisfied with
the teaching quality on the module. Although 73% of students in the first cohort sated that the module
was challenging them to achieve their best work, this number increased to nearly 86% for the second
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cohort. In addition, 78.6 % of students in the second cohort compared to 76.7% in the first cohort stated
that the module was intellectually stimulating.

In terms of feedback on assessment and marking more than 96% of students in both cohorts indicated
that the criteria used in marking for this module were clear in advance of the assessment. In the first
cohort 73% of the students stated that they have received helpful comments on formative or practice
tasks they had undertaken within this module. In the second cohort however, this number increased
noticeably to 92.9% even though the number of tasks where feedback was supplied to the students was
the same. Several reasons for this could be linked to the language used related to session names and the
materials provided via the virtual learning environment. Between the running of the two cohorts,
language support to ensure clarity of instructions was obtained from the University Languages
department. Firstly, the language used in materials (especially assessment based) were simplified and
secondly, some support sessions were renamed as coursework drop-in  sessions from
workshops/seminars.

In terms of feedback on module organisation and resources, similar results were found for both cohorts.
90% of students in both cohorts mentioned that they were happy with module information, module
organisation, and ability to contact teaching staff when needed. In addition, more than 90% of the
students in both cohorts, stated that the module (including the online resources had provided them with
opportunities to engage with other students. Finally, the overall module satisfaction data demonstrated
that 90% of students across both cohorts were satisfied with research methods module.

3.2 Academic performance

The data presented in Table 3 shows the academic performance of each cohort based on the spread of
the combined grades for both assessment elements and the number of academic irregularities identified
per cohort across both assessments. As previously stated, changes were made to the module (that
maintained the structure and requirements of the module specification) to try and improve the academic
outcomes without negatively impacting on the experience of the students or reducing the challenges
presented. The use of language specialist support has already been discussed but other changes included
a random allocation of research questions and associated data sets for the practical assessment, using
custom assessment tools within the University’s online learning environment and a question pool. This
coupled with a more in-depth explanation of the concept of exam conditions in the lab sessions leading
up to the assessment appeared to reduce the number of academic irregularities associated with the
assessment (Table 3).

Table 3. Academic outcome for each cohort based on grade boundary information and number of
academic irregularities, presented as a percentage of the total number of students per cohort

Cohort A Cohort B

(% of students) (% of students)
Practical Presentation  Total module Practical Presentation  Total module
Assessment  Assessment grade Assessment  Assessment grade
Fail 49 42 49 31 13 24
Pass 27 33 36 29 44 41
Commendation 22 22 13 22 35 31
Distinction 2 2 2 18 9 4
Academic 7 9 16 0 0 0
Irregularity

The other significant change to the module structure was a change to the presentation assessment. Cohort
A were asked to produce a seven minute video presentation, using PowerPoint slides and closed
captions, for inclusivity. Although there appeared to be genuine enthusiasm for this project, considering
the language challenges for a large proportion of the student cohort, a seven-minute monologue appeared
to be a step too far and students seemed to struggle to complete the presentation within the time allotted,
even though their understanding was evident from the slides produced, which were typically of high
quality. Consequently, cohort B were tasked with generating a three-minute presentation with only three
slides (a variation on the 3-minute thesis competition concept). Although a much shorter time period,
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the students were tasked with covering the same content and providing enough depth of information to
sell their project idea. This shorter (and very strict) time allowance focused the students and allowed
them to practice and hone their presentations, improving their experience, and the academic achievement
without reducing the level of assessment. It encouraged their ability to present information concisely
and accurately in order to fit within the three-minute presentation window. Furthermore, the use of the
shorter presentation time and multiple markers (including rotating second markers) meant that the
presentations could be delivered live, offering students another engagement opportunity and an
enjoyable event for all to attend. As can be seen in Table 1, not only did the pass rate for the module
improve from 51% to 76% but the number of students achieving better grades also increased with overall
commendations rising from 13% to 31% and distinctions rising from 2% to 4%. These findings suggest
that the students’ academic performance and understanding notably improved increased in the second
cohort due to changes to the module structure.

3.3 Qualitative findings

The qualitative findings were categorised into two main sections; 1. feedback on the teaching aspects
that students found valuable 2. feedback on the teaching aspects that can be improved.

In terms of the feedback on valuable teaching aspects, the results showed that while students in both
cohorts found the research methods module challenging, they stated that it was very interesting and
helpful.

For instance, a student said;

“Qverall, this module has been very useful for me to learn new things that I did not know before. The
teachers have been very helpful and cooperative.”

In addition, students in both cohorts stated that the way module was taught was very clear, interactive
and that teachers were always supportive. For instance;

“The teaching was always clear, and explanations were always provided which benefited me as it was
easy to quickly get to grips with the different things we were learning.”

In terms of further improvements for teaching aspects of the module, most students in both cohorts stated
that there was a need to present more examples, provide more video demonstrations and home activities
for further learning. For instance, a student mentioned;

“For presentations, it would have been helpful to have a sample or example presentation highlighting
the best way to create and present a study”.

Another student stated;

“In the quantitative lab assessments, it would have been better to have separate/more questions to
practice on. It would have been helpful to understand the different application for each method”.

The final change made to the module related to the final week of teaching that occurred after the final
assessment had been completed. Instead of using the week to sum up the materials covered and seek to
link this to the remainder of the students’ studies such as the individual industrial or research (capstone)
project in a broad sense. A new session was designed to cover the materials that should be considered
in a discussion and conclusion section of a study. This session not only acted as a clear and obvious end
to the module but provided students with an opportunity to consider the dissemination of results from
any work they were to carry out within their studies and beyond.

4 CONCLUSIONS

This study identified benefits associated with a combined focus on the use of assessment methods that
are incorporated within the learning experience rather than simply as tests of knowledge retention.
Improvements were identified and made alongside careful consideration of language and assessment
instruction for international students with targeted sessions to prepare students for these experiences.
This not only improved grade rates but maintained student satisfaction and reduced incidences of
academic irregularities. Furthermore, the module provides students with skills and tools that can be used
within their work in other modules and highlights how these tools can be used beyond their immediate
environment to encourage engagement and satisfaction.
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ABSTRACT

Final degree shows are often described as a ‘culmination’ — a climax or completion. Is the academy
missing an opportunity with this perspective? This paper calls into question the role of final degree
shows, exploring the potential for them to stimulate pedagogical and curricular development within a
design programme or design school.

There are increasing pressures on universities to engage in socially relevant research and nurture
students able to respond to the grand challenges of the modern world. To ensure relevance, the academy
must learn with the communities it serves. Whilst much research exists on different forms of
collaboration with universities, this position paper responds to a gap in literature regarding the role of
public exhibitions and proposes final degree shows as a space for new models of public discourse,
providing opportunities for knowledge exchange and stimulating discussion with communities outside
of academia in different contexts. Rather than being the end of a conversation, we propose that final
degree shows become an invitation to begin.

Using a single case study methodology we describe a snapshot safari activity, held during a final degree
show, highlighting key outcomes, and exploring the insights revealed in terms of design teaching and
curricula. The paper concludes by proposing models of micro-engagement within the context of a final
degree show. We believe these could form the basis of further research in this area giving universities
the opportunity to explore specific areas of interest through thematic curation of exhibitions with
considered convening of people to discuss them.

Keywords: Final show, degree show, design show, final exhibition, graduate exhibition, design
curriculum, design pedagogy, industry-academia collaboration, public discourse

1 INTRODUCTION

This paper proposes that there is untapped value in final degree shows and opens with a literature review
exploring the format of contemporary shows and what value they offer the academy. We scan forms of
interaction between the public and design academics, and review how micro-collaborations can
contribute to design curricula, pedagogy, and knowledge exchange. Through a single case study, we
demonstrate how an activity held within a degree show raised unexpected insights from people outside
of the academy while responding to the design outcomes of graduates. We suggest these insights could
be valuable to academics helping them to tailor curricula and teaching practice to stay relevant to real-
world societal and industry needs and challenges. We outline the design and application of the snapshot
safari activity and give examples of resulting outcomes. The paper concludes by proposing models
which could be used to leverage the final degree show as a space for new forms of discourse.

2 BACKGROUNDS

There are increasing calls for new models of public dialogue, formal and informal spaces for people to
connect and collaborate on strategically relevant themes leading to research and innovation for
prosperity and public good [1]. As institutions grounded on research and innovation, universities have
a responsibility to play a role in developing and engaging within these spaces.

The Knowledge Exchange Framework (KEF) [2] identifies public and community engagement and
work, along with local growth and regeneration as key segments of a knowledge exchange (KE) strategy.
A systematic review of literature on KE for the National Centre for Academic and Cultural Exchange
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(NCACE) [3] shares different types of collaborative engagement but does not feature short-term micro-

engagements independent of larger projects.

This review of literature explores two key areas of opportunity:

1. Universities could take advantage of more opportunities to gather insights from and exchange
knowledge with those outside of academia to inform their teaching and programmes. We explore
the format of short-term collaborations and to what extent they inform curricula and teaching.

2. Universities could leverage additional value from final degree shows. We review literature which
describes the value they are thought to bring to the academy.

A systematic literature review on university-industry cooperation [4] revealed research on the value
transferred from universities to industry, but nothing on the value industry provides to academia. Siegel
[5] covers the impact of medium-term partnerships on the curriculum of summer business residentials,
but there is little academic attention on short-term collaborations in relation to curriculum design. Plewa
et al [6] describe different methods used to facilitate industry involvement in curriculum design and
delivery, measuring the efficacy of these in a variety of contexts but excludes any mention of final
degree shows.
A report examining the impact of university-industry cooperation in the context of education [7] covers
shared physical spaces, Knowledge Transfer Partnerships, live projects and student placements,
explaining how these have been used to co-design and develop curricular with industry. However very
short-term micro-collaborations are not covered. Additionally, the cases explored focussed on
strengthening the knowledge and skills valued by corporations, rather than those which would be
valuable to the social innovator. We suggest that discourse between academics and non-academics
during final degree shows through micro-engagement models such as a snapshot safari could be a
valuable way of enabling people outside of the university to contribute to and influence socially
responsible design curricula.
Rarely mentioned in literature on design pedagogy, the final degree show is an important fixture for
many higher education art and design programmes, providing motivation for students presenting their
work and promoting the courses on show to external visitors. There is a noteworthy lack of literature
about degree shows and what exists covers visual and fine art rather than design shows which rarely
appear in pedagogic literature or discourse. Available research covers the process of developing the final
show and the value of this to students participating in the process, falling short of any deep discussion
on the value of the show to industry, society or the academic institutions themselves.
Final degree shows are considered important to students, they are known to motivate and create
opportunities for collaboration [8]. Often happening at the very end of the student experience, the
opportunity for students to learn during their final degree show is rarely utilised. Hjelde [9] suggests
“foregrounding the critical pedagogical and social dynamics of [the degree show] and considering it as
a process, not just the outcome” to deliver on a wider potential and references Bismark (2006) who
suggests that we should consider the degree show as a reflexive tool to combine educational, with
political socially relevant purposes. Littlewood and Wyatt-Livesley [10] also suggest that degree shows
should be more connected to the students’ educational experience. Making work visible in a shared
space provides the type of social learning space which Shreeve et al [11] propose as a signature pedagogy
of art and design disciplines.

Shows are considered a valuable opportunity for the public to have access to challenging contemporary

design and act as a public face for the university, communicating a course identity and philosophy [10]

and demonstrating students’ learning and knowledge through material products. In considering other

types of value to society there are more questions than answers in the literature. In ‘Making Public: The

Fine Art Degree Show’, Leeds Beckett School of Art and Architecture [12] asks whether degree shows

affect shifts in the delivery and design of teaching and learning, and questions how programmes are

influenced by the local and socio-economic landscape.

The ‘Therapeutic Academy’ described by De Ville and Foster (1994) [9] is distinguished by a “political

and social stance where the aim is society betterment”. They suggest the exhibitionesque form of the

show hinders its ability to create connection with others. Hjelde [9] agrees “The institution cannot be
contemporary in its relationship with society, which is perhaps a problem for a place that educates artists
and designers of the future”. Gilmore and Comunian [13] highlight the need for universities to turn
toward new models of creative engagement to enable academics, industry, and the public to collaborate
in the same spaces. How might we use the degree show to foster discourse and understanding of the
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exhibition, nurturing the therapeutic part of the university, and providing a way to connect with and
better serve society?

Aside from showcasing the teaching of universities and work of students to proud parents, prospective
scholars and recruiting employers, degree shows appear to draw little value for the academic institution.
No literature was found on the value of shows to higher education institutions in terms of pedagogy, or
on their use as an environment for encouraging discourse with public communities aside from ‘industry
partners’ — this paper offers a response to this opportunity.

3 POSITIONS

We propose that leveraging additional value from graduation exhibitions through new models of public
discourse as a part of design pedagogy would provide an opportunity for further research which this
paper begins to address.

4 METHODOLOGIES

Unexpected outcomes triggered this research study, when valuable points relevant to design pedagogy
were being raised during discussions as part of a snapshot safari activity at a final degree show. We used
auto-ethnographic insights from a place of ‘insider research’ [14] to explore these, mindful that within
this emerging intuitive inquiry [15] [16] our positions and perspectives influence our interpretation of
research data. This qualitative, participatory case study gave us flexibility to reflect on the experience
of the snapshot safari activity without a previously constructed hypotheses or a predefined set of
outcomes [17]. We consider this research as a potential first step in a longer period of inductive theory
building [18] which given a more substantial body of data could reach conclusions or generate theory.

5 RESEARCH ENVIRONMENT

In June 2022, a UK university design school hosted a conference to encourage discourse on the ways

design can be used to identify, respond to or address social issues. Attendees included:

- 9academics from a research network focussing on multidisciplinary innovation for social change.
These academics held teaching and research roles in a wide range of disciplines, other than art and
design, from different pan-European universities.

- 19 scholars from the host university who all actively contributed during the event. They included
Masters’ students, PhD candidates, teaching and research staff from different design disciplines,
(the authors are part of this group).

- 11 practitioners from (largely local) organisations including charities, social enterprises, small
businesses, and independent consultants working on projects to further social justice. Largely non-
designers, they all had a relationship with the design school as alumni or collaborators. Some spoke
in the conference.

6 CASE STUDY

A snapshot safari activity was designed as part of the conference to create a safe, inclusive, and effective
space for discourse. It included periods of individual work, followed by group collaboration and
discussion, accommodating a variety of visual, aural, read/write, and kinaesthetic (VARK) learning
styles [19]. Visual learning through photographs and posters as primary tools for communication finding
common ground between people of different native languages and disciplinary vocabularies, auditory
learning through the conversations between different people, read/write-learning via text which
accompanied the degree show exhibits and kinaesthetic learning through the active experience of
creating paper posters.

The snapshot safari was made up of three consecutive activities:

e Activity 1 Individual response to a photography brief

e  Activity 2 Small group conversation and poster-making

e  Activity 3 Whole group discussion on the poster exhibition

In activity 1 people explored the final degree show exhibitions (3D Design, Architecture, Industrial
Design, Fashion Design, Fashion Communication, Graphic Design and Interior Design), with a brief
inviting them each to take 6 photographs illustrating ‘design for social innovation’ (the conference
theme). Questions invited people to think about what design for social innovation meant to them and
how it might relate to or influence their own practice.
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During activity 2 people formed 3 groups, each joined by a design academic who facilitated conversation
on their photos exploring their interpretations of ‘design for social innovation’. Groups created posters
using their photos and annotations to respond to the question “How should we live?”. Finally for activity
3 posters were displayed and each group presented theirs. The whole group discussed the posters
exploring the various ways they had responded to the brief.

7 RESEARCH DATA

Data on this case study was collected through:

1.  Auto-ethnographic observations (as designers of/participants in the activity)

2. A systematic literature review focussing largely on literature since 2018.

3. Audio transcription of group discussion during the poster exhibition

4. Photographs of the safari process and exhibition posters created [20]

Following an Intuitive Inquiry methodology [16] observations (1) were used to determine the
positioning for this study and frame the literature review (2). Then data from the transcription (3) and
posters (4) were analysed, the preliminary interpretive position tested and modified based on that data.

8 LEARNING
As subsequent posters were discussed during activity 3 of the snapshot safari, recurring themes around
the role of design in social innovation emerged, and the conversation began to move to aspects of design
education. People asked questions about the student experience and shared thoughts on how the students,
teaching and curricula might have influenced outcomes.
Qualitative analysis of this group discussion data revealed feedback of two main types.
e  Experiential insights from all participants having participated in the activity.
e  Pedagogic reflections from academics and scholars on how different curricula and teaching styles
impact the student experience and outcomes.
Participants described experiencing a sense of optimism and hope through pieces they viewed, others
felt inspired by interesting and clever exhibits. Many shared how they were drawn to exhibits which
showed humour, relevancy to their own practice, or represented quality production. Some people found
the exhibition overwhelming, with so many exhibits from different disciplines, but felt the safari brief
and timeframe, helped them focus and was useful in framing or filtering their experience. Overall people
enjoyed the activity and the opportunity to discuss it together.
Participants commented on the fact that the most impactful exhibits tended to be person-centred, relating
very clearly to an individual that the designer knew. This led to a discussion on the importance of design
in raising awareness within society of the need to shift away from the paradigm of competition and
capitalism. One participant suggested the positioning of the design school within the academy could be
important, the social impact of design work perhaps being easier to tease out where the design and social
sciences faculties co-exist, than in an academy where perhaps design and engineering belong together.
Further discussion focussed on the fact that while some objects were very well designed and produced,
perhaps there was no real need for them in the world. Participants felt students should be given the
opportunity to take part in discourse around their work to understand that it could be perceived as
unnecessary and reflect on this tension of design. People felt it would have been interesting and valuable
to speak to the student designers during the safari to understand why they created their designs and give
them the opportunity to share what could not be exhibited. Some academics pondered whether we could
nurture more rounded and inclusive designers by amending assessment schedules to allow for discussion
on design ethics paired with reflection on final exhibits. People commented on the obvious maturity in
the work of students who had spent part of their course working in industry, giving them valuable
experience in how their work interacts in the real world and its impact aside from simply looking great.

9 LIMITATIONS

This preliminary study took place with a small number of participants, many who knew each other or
shared an interest in social innovation/responsible design. Outcomes are likely to be different with a
group who have not previously met or lack a shared focus. A limitation of this study is the restricted
amount of data gathered. Had we realised how deep and rich the discussion would be and foreseen the
potential for it to be research material, we would have planned to collect data more purposefully. In the
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timeframe of this study we were unable to confirm whether this activity triggered any curriculum or
teaching changes, or simply started a reflective process. While these factors limit this study, they serve
as an opportunity to run research in other contexts and around other themes, with greater rigor, planning
and reflection.

10 REVISED POSITION AND PROPOSITION

That the academic participants of this safari found value in the conversations which took place during
the snapshot safari indicates that there is un-tapped value which could be leveraged in creating more
space for public conversation around design exhibitions. It is possible that a purposeful brief can help
an audience engage with an exhibition curated by design discipline rather than theme. It is clear from
this case study that finding an opportunity for groups of teaching staff to discuss final show exhibits can
reveal useful pedagogic and curricula insights.

The positioning of exhibitions at the end of the teaching year limits opportunities for students to engage
in reflective conversations. We propose that design schools could create space to share work during the
design process, gathering perspectives from communities outside of academia. Students could engage
with this discourse as a part of their learning experience before finalising their work. Models of micro-
engagement (such as that covered in this case study), could provide a valuable opportunity for teaching
academics to draw critically and purposefully from public discourse. This would provide an opportunity
to loop back to inform the curricula, briefs and challenges students engage with in following years.
This study does not cover digital gatherings or exhibitions outside of the academy, neither do we
examine the value of final shows to communities outside of the academy, therefore these are areas open
to further research. As we consider future opportunities to gather around design shows, we will need to
think deeply about who the academy might want to include and how they might benefit from the
discussion. What shared contexts, thematics or challenges might help to bring diverse groups together?
How might we use reflective shared spaces to discuss work in areas of design without physical materials
to exhibit? What might the academy learn from other forms of contemporary design-focussed
gatherings? The authors plan to carry out follow-on research covering some of these areas during the
degree shows of summer 2023.
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ABSTRACT

It is desirable that current and future employees have a range of skills, be adaptable to challenges,
collaborate with internal and external stakeholders, and are creative in finding new solutions to
problems. To achieve this, developing the entrepreneurial skills of students is beneficial for future
employers and the students themselves. This can be achieved by educating students on the factors which
influence commercial success including technical feasibility, market desirability and commercial
viability. An observation was made that engineering design students are typically highly skilled in
developing creative & technically feasible solutions with the user in mind, and business students are
highly skilled in developing commercially viable proposals. This paper details what happens when a
cross-disciplinary educational intervention is conducted between engineering design and business
students for mutual skills development. An 8-week pilot programme was designed at the University of
Strathclyde where six teams of business students were paired with a student engineering design mentor
to provide advice and guidance on the technical feasibility and viability of the commercial propositions
being developed by the business students. The outcomes of the programme were in the technical and
softs skills development for the engineering design students, the development of stronger commercial
proposals supported by tangible assets for business students, and a greater appreciation of
client/consultant negotiation and communication for both disciples of students. Recommendations are
shared for those who are considering the development of similar programmes in the future.

Keywords: Entrepreneurship programme, engineering design students, business students, project-
based learning, entrepreneurial skills development, tutorship

1 INTRODUCTION & LITERATURE REVIEW

Universities offer their students a safe environment to learn and practice entrepreneurial skills before
entering real-world trade. Students may choose to attend university for personal reasons perhaps
including knowledge building and skills development on particular topics which they choose to study.
Within an educational environment there can be limited opportunities to design authentic experiences
within the curriculum without specific interventions such as a placement within a company. However,
specific lessons can be designed into the curriculum giving students an experience of and the knowledge
to overcome challenges they may face after graduation. For students studying entrepreneurship related
subjects or on a path towards it they need to build the skills to support their personal and professional
development.

The question of ‘how relevant entrepreneurship knowledge and experiences is to product designers’ has
been well addressed in literature [1]. Proposals have been made of innovative product design approaches
to enhance innovation and entrepreneurship in design and engineering students [2], and others speak of
the importance of combing market, design and innovation education together [3].

From a pedagogical perspective, bringing together design and business students for inter-disciplinary
projects has learning benefits and develops transferable skills. Business students gain a better
appreciation of user-centred design and have creativity skills enhanced. Design students gain a great
appreciation of commercial elements such as finances and marketing [4]. When combined, all students

EPDE2023/1130 109



gain a more rounded appreciation of design and commercialisation, and how the two concepts are
required for successful product development and launch.

At the University of Strathclyde an observation was made that further supports the work of Baelus [4].
Engineering design students are typically highly skilled in developing creative & technically feasible
solutions with the user in mind, and business students are highly skilled in developing commercially
viable proposals which consider financial and marketing aspects. This observation has led to a
motivation to develop an educational intervention bringing both disciplines of students together.

The need for this work is supported by government initiatives in the UK including ‘Developing the
Young Workforce’. As our world evolves through Industry 4.0, there is a growing trend for the
educational sector to develop graduates with transferable entrepreneurial skills going well beyond their
subject of expertise [5] in order to better prepare students for the world of work [1]. This growing trend
is being well documented in literature, with many academics acknowledging that ‘a conventional
academic degree alone is no longer sufficient’ [5]. There is a growing desire for multi-skilled, adaptable,
collaborative & entrepreneurially minded students as it is well understood that an entrepreneurial mind
is crucial for future commercial exploitation of new opportunities [3].

State-of-the-art research in this area is currently investigating how to develop transferable skills, and
acknowledge that in order to cultivate talent, the integration of entrepreneurship education and design
education is key [3]. Progress is being made to address this issue through various work such as Spruce
[5] discussing an initiative at Liverpool John Moores University called World or Work (WoW) and
Mallins who cites a project looking to better connect students with industrial experience [6]. Sandy [7]
also looks at a 2-month study providing students with a structured process for developing their ideas [7].
Two studies of particular interest in our work are by Baelus [4] and Tran [8], both of which look at the
development of programmes that bring together business and engineering/design students and provide
a strong foundation on which our work is based.

This paper describes the design and evaluation of a programme to develop entrepreneurial skills in
engineering design and business students through a cross-disciplinary Project Based Learning (PBL)
educational intervention. The methodology for the design, delivery and evaluation of this programme is
detailed in section 2. Results and discussion are presented in section 3 with a reflection on the limitations
of the programme and recommendations for future development and advice for others who may be
interested in implementing such programmes within their institutions. The conclusions in section 4
present a summary of the research and the findings.

2 METHODOLOGIES
In this section, the methodology for the design, delivery and evaluation of a cross-disciplinary to develop
entrepreneurial skills in engineering design and business students is presented.

2.1 Design of the programme

To bring engineering design and business school students together an 8-week pilot programme was
developed. The programme asked students to put into practice the skills and knowledge developed in
order to create a convincing and consistent business proposition. Students were expected to identify a
suitable business idea, use market research and prototyping for validation, and present two equally
comparable, but different, strategies to grow their business. The programme formed part of the business
student’s Masters level project and was a self-directed and supervised class for the business students to
research and validate their ideas. Incorporating the engineering design students was through a paid
internship opportunity for those in their 3, 4" or 5 year of a Masters or Bachelor’s degree in Design
Engineering, or 1 year Post Graduate Design Engineering programme.

2.2 Delivery of the programme

The pilot programme ran throughout Jun & July 2021. Business students were asked to form teams
based on their ideas and the skills they required. To better understand these teams, students were asked
to complete a group formation form, detailing the team members, the skills they currently possess &
gaps they may have, their commercial idea, and what they hope to achieve from the programme. To find
suitable design engineering mentors a job advertisement was created by class coordinators and
advertised to the engineering design students. At this stage, the engineering design students were not
given information on the business student group formation forms. Interested engineering design
students, were only asked to submit a CV detailing skills and expertise for consideration by the class
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